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Watch spectra as never before. and sweep speed. Digital storage
Set center frequency, sensitivity, gives infinite persistence on a
sweep width and resolution, and vertically scanned TV display
a program automatically selects with projected reticle. A counter
filter bandwidth, rf/i-f gain ratio reads the frequencies. Page 137.




Toggles. Pushbuttons. Rockers.
Rotaries. Available in a vast array
of operator styles, colors, and
shapes. Including illuminated
pushbuttons and rockers. Many
featuring snap-in mounting. And
all in stock for fast delivery!

Now the same great quality,
service and availability you’ve
come to expect from Cutler-
Hammer is available in miniature
size—at a competitive price!

Make your selection. Standard
or watertight. Single or multiple
pole. A wide range of decorator
caps, buttons, bezels that extend
application flexibility. And for
theirsize, hefty electrical/
mechanical ratings.

Before you place that next
order, check with your source for
commercial miniature switches—
your nearest Cutler-Hammer
Sales Office or Authorized Stock-
ing Distributor.

CUTLER-HAMMER

SPECIALTY PRODUCTS DIVISION, Milwaukee, Wis. 53201

MINIATURES.

More than just switches;..
prompt availability,
field help, innovation,
quality assurance, too.
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THE NEW XR-2207 IS A PRECI-

SION VOLTAGE CONTROLLED

OSCILLATOR WITH SIMULTANEQUS
SQUARE AND TRIANGULAR
WAVE QUTPUTS, EXCELLENT

FREQUENCY STABILITY, SUPER-
WIDE SWEEP RANGE, MINIMAL
FREQUENCY DRIFT, AND
ULTRA-LINEAR SWEEP DRIVE.

By providing 30 ppm/°C frequency stability,
3000:1 sweep range, and 0.15% /V frequency drift in
the XR-2207, Exar produced a precision VCO that can

for tough waveform generation, the XR-2207 can save
you time and money. It's the easy way to generate
variable-frequency square and triangular waves

easily do those tough FSK, FM generation jobs. With
a minimum of external circuitry, you can use the
XR-2207 in applications such as two-channel FSK
generation for modems, as the VCO portion of phase-
locked loop systems, and voltage to frequency
conversion that formerly required crystal controlled

(pulse and sawtooth too!) for every application.

The XR-2207 oper-
ates with either single or  v[1]
dual supplies from =4V to (=
+13V over a 0.1 to 1 MHz e

TRIANGLEWAVE
out

SQUAREWAVE
out

oscillators. frequency range. Seven =] b v:
With only one capacitor and four resistors, four device types are available | «H

discrete precision frequencies are generated; two in14pinceramic and plas- 2

TTL keying inputs enable selection between frequen- tic packages for both com- .. [T+

SWITCHES

1

cies. You can also sweep your frequency over a wide
3000:1 range with the use of one extra resistor and a
little voltage.

So, if you've been putting together lots of parts

D

mercial and military appli- E_
cations. Call or write for
the XR-2207 data sheet -“[]
and application notes.
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EXAR SPEAKS YOUR LANGUAGE

Products of R.ohm Corp. 16931 Milliken Ave., Irvine, CA 92705 (714) 546-8780 TWX 910-595-1721

EXAR INTEGRATED CIRCUITS

EXAR REPRESENTATIVES: Arizona/Colorado/New Mexico BARNHILL FIVE (602) 947-7841 California - North LOGAN SALES (415) 369-6726 California - South DE ANGELO
& ROTHMAN CO. (213) 398-6239 Washington/Oregon SDR SQUARED (206) 747-9424 lllinois/Wisconsin M & S SALES (312) 992-1053 Ohio/Indiana/Kentucky MC FADDEN
SALES (614) 221-3363 New York City M. O. S. ASSOCIATES (516) 694-5923 Pennsylvania/Southern New Jersey HARRY NASH ASSOCIATES (215) 657-2213
Oklahoma/Texas/Louisiana/Arkansas EVANS & MC DOWELL (214) 238-7157 Michigan D E M ASSOCIATES (313) 755-6660 North Carolina/South Carolina/Virginia/Maryland
COMPONENT SALES (301) 484-3647 Maine/New Hampshire/Vermont/Massachusetts/Connecticut COMPONENT SPECIALISTS (617) 667-4181 Minnesota ELECTRONICS
INNOVATORS (612) 884-7471
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togiveup . £
carbon Composition £
performanceto &
B Save Space. &

If youte really
serious about cost,
be serious about quality.

Are you cramped for board space
but not in power handling capa-
bilities? Is reliable performance
vital? Then use Allen-Bradley 1/8
watt carbon composition resis-
tors. Get the pulse handling and
overload capabilities that are su-
perior to resistors manufactured
by other technologies. Exclusive
hot molded construction for a

dense resistance element which
reduces noise, and results in a
consistent performance. Most im-
portantly, our 1/8 watt resistors
have all of the quality and relia-
bility common to our larger sizes.
Quality that really can cut your
fixed resistor costs. If you think
resistors are identical, write for
“7 Ways to Tell the Difference in

y
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Fixed Resistors!’ Available from
your Allen-Bradley Electronic
Distributor, or: Allen-Bradley
Electronics Division, 1201 South
Second Street, Milwaukee, Wis-
consin 53204. Export: Bloom-
field, N.J. 07003. Canada: Allen-
Bradley Canada Limited, Cam-
bridge, Ontario. United Kingdom:
Jarrow, Co. Durham NE32 3EN.

Allen-Bradley

Milwaukee, Wisconsin 53204
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The 2102
togetas itisto

‘he Intel 2102 n-channel RAM is the
nost }j)(,)pLUdI 1024 bit static memory avail-
able today. It is the general purpose RAM with
more second sources than any other semi-
conductor memory component.

The 2102 is extremely
simple to use because it |
recuires no peripheral |
supporting circuits,no | 3 Py : |

special supplies, nor A
does it require the
extra design effort 2
needed by most it
RAMs to interface ity b

INTEL IN-26 MEMORY SYSTEM Wlth TTLL

\\\\\\\\\\\\\\\\ \

’,
o e UL

By using the 2102, you can achieve
greater ;;y\,t em economy because it does not
require level shifters, MOS drivers, interface |
circuits, clocks, refresh and decode circuits, ,3,*’;;{7,3
nor even puH up resistors. | .

l* ery pinis 1L compatible, including [
the + 5 volt Vee supply and the three-state, raL

OR-tie data ou tput that simplifies memory
} ansion. To connect the 2102 to TTL, just
add s '»l(:{c—f.l dots. In fact, the 2102 RAM
erforms exactly asif it were a TTL circuit.

The 2102 speed specs are effi-
cient also. Guaranteed maximum A
access time is 1 microsecond,
typical access time is 500 nano-
seconds. Minimum read and write cycle time is also 1 microsecond.
The 2102 costs less per bit in quantity than penny candy. And when you

ELECTRONIC DESIGN 8, April 12, 1974



RAM is as easy
use.

subtract what you

dont spend on design
tlme other parts, special
supplies, boards and
labor, the 2102 is easily
t

he most economical static RAM
for a wide range of applications.
What's more, the Intel 2102 is easy to
get. We have been producing it in volume since
: early 1972 with the industry’s most mature n-channel
silicon gate technology. Today, we ship more 2102’'s than
the combined outputs of the dozen or so o
announced second sources.

The Tektronix 31 Programmable Calculator
uses the 2102 and millions of our 2102's are
now being used in peripheral equipment,
instrumentation and microcomputer
. Systems. It'sa
favorite with de-
signers who wantto __ "
simulate buffer, PROGRAMMABLE "2

refresh and variable
length registers with something more c®
venient and less costly than custom MOS registers.
The 2102 is only one of Intel's popular MOS
RAMs available in volume and from distributor stock. Send for a full catalog
of our products including RAMs, ROMs, PROMs, interface circuits and
Microcomputers.

EVERY PIN IS TTL COMPATIBLE

Write to: Intel Corporation, 3065 Bowers Avenue, Santa Clara,

California 95051. (408) 246-7501. . ©
intal delivers.
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FLAT INTERCONNECTS
YOUR COMPLETE SOURCE

Ribbon Cable / IC Interconnects / Custom Harnesses

You're sold on flat cable, now buy it at its best.
Precise, compact cable packages to fit your specifi-
cations perfectly, computer-loomed for unmatched
versatility by Woven Electronics.

Handling ease of independent non-bonded leads
speeds production, cuts cost, while technical charac-
teristics outrank other flat cable forms.

Make Woven your source for jumpers, continuous
rolls, special harnesses, all your interconnect needs.

WOUEN ELECTRONICS

P.O. Box 189 Mauldin, South Carolina 29662
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(across the desk]

Wrong spec given
for ‘Idea’ circuit

The Idea for Design “Digitally
Programmable Oscillator Selects
Frequency in Integer Units from
One to 15” (ED No. 25, Dec. 6,
1973, p. 140) contains a funda-
mental error. This scheme is com-
monly known as ‘“rate multiplica-
tion.” The circuit shown is a very
inefficient rate multiplier and
could be implemented by three
TTL circuits. The basic mistake,
however, lies in the statement that
“the circuit output will have equal
spacing at any selected frequency.”

The output will not have equal
spacing between pulses unless the
input frequency is increased to
360,360 times the lowest output
frequency; for this is the smallest
number that can be divided by all
integers from one through 15.
This method can therefore gener-
ate pure output frequencies up to
only ~ 100 Hz. Higher-output
frequencies require a phase-locked
loop.

Peter Alfke

Manager, Digital Applications
Fairchild Semiconductor
464 Ellis St.

Mountain View, Calif. 94040

In “Digitally Programmable Os-
cillator Selects Frequency in In-
teger Units From One to 15,” the
fact that 256 is not evenly divis-
ible by all integers from one to 15
implies that no simple generator
yielding equal pulse spacing for
all frequencies can be built.

The only simple way to remedy
the situation is to increase the
input-oscillator frequency by all
prime factors up to the highest
desired multiple (of the unit fre-
quency) and to redesign the gen-
erator.

The Shakib design is, of course,

quite a simple generator, with
usefulness in, for example, the
testing of digital circuits at vari-
ous input rates. But the irregular
spacing of the pulses destroys its
usefulness in many audio-oscilla-
tor applications.

J. James Belonis 2d
3514 SW 110th St.
Seattle, Wash. 98146

The author replies

My apologies for the oversight.

However, the signal out of this
circuit is a periodic signal, and its
period is equal to the time it takes
the basic oscillator to generate 256
pulses. This time translates into a
maximum of 15 cycles at the out-
put of the circuit. The average
frequency will be equal to the se-
lected frequency.

As Mr. Belonis mentions, this
oscillator is not desirable for many
audio applications. However, it is
quite useful for digital applica-
tions.

A rate multiplier is similar to
the circuit I proposed, but it
might be quite an oversight on
Mr. Alfke’s part to say it takes
three TTL circuits to select one
to 15 units of frequency.

John Shakib
IBM
P.O. Box 1328
Boca Raton, Fla. 33432

Rms or average power?
It's just semantics

Many engineers talk about “rms
power” when they really mean
“average power.” The problem is
one of semantics.

When power calculations are
made, voltage and current are
measured in rms and the power

(continued on page 8)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine’s editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 50 Essex St. Rochelle Park, N.J. 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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low cost
ceramic
trimmer
capacitors

These ceramic trimmer capacitors
are designed for broadband appli-
cation, from audio to 500 MHz
and afford an ideal low cost means
of “trimming” circuitry such as
crystal oscillators, CATV ampli-
fiers and all varieties of communi-
cation and test equipment.

FEATURES
« Capacitance values from
1-3 to 525 pf

» Low profile —.208 above board
height

« Low cost —
75c in 1000 quantities

« Delivery from stock

Chhaniond

MANUFACTURING CORPORATION

BOONTON, NEW JERSEY 07005
201 / 334-2676
TWX 710-987-8367
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ACROSS THE DESK
(continued from page 7)

calculated from I . .E,.., E...2/R,
or I..?2R. Because rms values of
voltage and current are used, it ap-
pears reasonable to call the result-
ing power calculation rms power.
However, derivation of both rms
and average power reveals that

average power — L. H, ../2 =
E.lime; and rms power equals
I B V3780 Thus. 'the two

aren’t equivalent. With sinusoids,
it’s the average power that’s real-
ly of interest.

R. Tolmei
Johns Hopkins University
Applied Physics Laboratory
Silver Spring, Md. 20910

Correction

The announcement of a new log
amp from American Astrionics
(ED No. 1 Jan. 4, 1974, p. 204)
erroneously gives a lower dynam-
ic range than that specified. The
correct figure is 80 dB.

One resistor improves
trigger-system circuit

The circuit in the Idea for De-
sign “SCR Turn-off Problem Elim-
inated in Rapid-Fire Stroboscope
Trigger” (ED No. 22, Oct. 25,
1973, p. 116) has two minor de-
ficiencies. The rate of charge is
proportional to H,. and shows con-
siderable variation. This affects
the peak current drawn from the
dc supply. Secondly, the power dis-
sipation of the series-pass transis-
tor is 1/2 CE2 f. With the values
shown, at 1 kHz, the transistor
dissipates 9 W. This is considerable
dissipation for a small power tran-
sistor and necessitates an ade-
quate heat sink.

By adding a single resistor in
the collector circuit, we solve both
problems. The resistor is chosen
to be H¢. (,iny times smaller than
the base resistor, so the transistor
is allowed to saturate during the
charging interval. Thus it dissi-
pates virtually no power and does
not require a heat sink. Instead
the power is dissipated in the col-
lector resistor. Since resistors can
operate at much higher surface
temperatures than transistors, the

thermal design is simplified. In
addition the capacitor’s charging
rate is now primarily determined
by the collector resistor RC time
constant.

S.E. Summer
2 Lark Place
Hauppage, N.Y. 11787.

The author replies

Mr. Summer is absolutely cor-
rect. His addition makes this cir-
cuit even more usable. The only
precaution I would recommend
would be to keep the resistor away
from sensitive components and to
provide a sink for the resistor’s
heat.

Dave Zinder
Senior Engineer
Motorola Semiconductor Products,
Inc.
5005 E. McDowell Rd.
Phoenix, Ariz. 85008

Missing program line
filled in by author

Please publish the following cor-
rection in the article “Multiple-
Output NAND Networks,” which
appeared in the Nov. 8, 1973, issue
of ELECTRONIC DESIGN:

On p. 104, left column, line 457
of the program should read

IUP=1 + (NV-1)/IBIT.

This statement was missing due

to a ‘“system error.”
Stephen Y. H. Su
Associate Professor
The City College
School of Engineering
Dept. of Electrical Engineering
New York, N.Y. 10031

A lusty cheer
for the Wang 2200

For shame! In your Jan. 18 is-
sue, you list all the minicomputers
and such. But you left out my
favorite: the Wang 2200 system.

I admit that the definition of
a ‘“minicomputer” is sometimes
vague, and that Wang itself calls
its 2200 a “programmable calcu-
lator.” But I believe a serious
look at the specs and features
would let it be added to your list-
ings.

I really enjoy your magazine

and find it a great help in getting
up-to-date data on changes in the
industry.

A. K. Rosenhan, P.E.
Box 321
Racine, Wis. 53401

Reader agrees solvents
can be a real peril

Jeremy Agnew’s article “Choose
Cleaning Solvents Carefully” (ED
No. 5, March 1, 1974, p. b4) is
both useful and necessary. My
work has required the use of the
photoresist process—making cir-
cuit boards and etched panels. I
was casual with the materials un-
til an amateur chemist informed
me of a few of the hazards.

When I tried to learn about the
safe handling of solvents, how-
ever, I found manufacturers’ rep-
resentatives unaware, uninformed
or just plain shut-mouthed. Even
the California Dept. of Public
Health, while obliging, was short
of information. X

The best source I've yet dis-
covered is Ethel Browning’s “Tox-
ic Solvents” (Edward Arnold Co.,
1953). Her source is direct ob-
servation of industrial casualties
in England. Since then, a few
more solvents, including trichloro-
ethylene, have been recognized as
more than moderately hazardous.
Another reference is Condensed
Chemical Dictionary (Van Nos-
trand Reinhold).

The difficulty with solvent poi-
soning is its chronic nature.
Twenty years might elapse before
the physical damage is evident. A
problem is human resistance to
discovering and facing the facts,
whether from an economic motive
or because it’s a dreary business
all in all.

I think Mr. Agnew should have
recommended the use of respira-
tors and told us what gloves to
use. Xylene dissolves rubber; poly-
ethylene gloves are too thin—they
tear easily.

It’s not a safe world, but what
excuses ignorance?

Peter Mundy
Alembia
60 Brady St.
San Francisco, Calif. 94103

(continued on page 19)

ELECTRONIC DESIGN 8, April 12, 1974



= MEASUREMENT
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innovations from Hewlett-Packard

hp

MEASUREMENTECOMPUTATION: NEWS

I/

APRIL, 1974

in thisissue

Another small miracle for
engineers and scientists:
the HP-65

The HP-65: a new programmable pocket-
sized computer-calculator. It accepts pre-
programmed magnetic cards or you can write
your own programs on blank cards.

Two years ago, the HP-35 provided
scientists and engineers with a revolu-
tionary mathematical tool. Now, for the
first time, Hewlett-Packard offers full
programming capability in a pocket cal-
culator. No other machine of its size and
price lets you prepare and edit your
own programs, then store them on mag-
netic cards for later use. The unique
HP-65 lets you perform branching,
logic comparisons, and conditional
skips—sophisticated, efficient program-
ming—over lunch, in the field, or in
your home study.

The calculator has five master keys
(A-E) for storing and recalling user pro-

(continued on page 3)



Now, HP guarantees system specs
at interface to unit-under-test

The 9510D automatic test system performs up to 400 complex tests in 4 or 5 minutes.

HP’s new 9510D automatic test sys-
tem is the first commercial test system
guaranteed to meet specifications at the
interface to the unit-under-test. Now
you can match your requirements and
pre-plan your testing facility with com-
plete confidence; the 9510D performs
each test with consistent repeatability
to specified accuracy.

It's the only system with calibration
initially traceable to the National
Bureau of Standards. Standardization
not only means reliability, but faster
delivery and lower prices than custom-
engineered systems.

The 9510D provides stimulus and
measurement for voltage, resistance,
frequency, distortion, phase, pulse digi-
tal and waveform analysis—plus RF
stimulus and measurement of CW, AM
and FM signals up to 500 MHz. It's de-
signed to test electronic circuits and
circuit functions, as well as sophisti-
cated aircraft avionics, missile guidance
and control, transceivers, TV receivers,
satellites, navigation and communi-
cations equipment.

For specifications, check N on the
HP Reply Card.

Sampling modules extend

HP 180 scopes to 18 GHz

Dual-channel sampling modules for
HP’s 180 oscilloscopes offer qualitative
and quantitative measurements of repe-
titive signals from dc to 18 GHz. The
1810A plug-in measures up to 1 GHz,
while the 1811A module offers a choice
of two sampling heads, 4 or 18 GHz.
The remote sampling heads have feed-
through design that allows measure-
ments to be made using the system as
a load, rather than an-artificial termina-
tion in the system.

High-frequency applications include
RF modulation testing, distortion and
phase shift measurements upto 18 GHz.
A sampling scope also displays the in-
put vs. output of IF amplifiers to obtain
gain and phase information. Fast sweep
times are especially useful in nuclear
laboratories for coincidence testing.

HP design improvements eliminate
the need to trigger the sampling scope
for modulation trapezoids. Now, you
can make modulation trapezoid mea-
surements on live transmission systems
when triggering is impossible.

For details, check C on the HP Reply
Card.

i} o
i
2

{

A non-triggered modulation trapezoid display
of a 1 GHz carrier modulated with a 12 MHz
sinewave.

MEASUREMENTECOMPUTATION: NEWS



New measurement/control system
can improve productivity

Applications for the 9610 system include: material handling, process control, information networks,

and quality control.

HP’s new 9610 industrial measure-
ment and control system helps manu-
facturers in three important ways: it will
ensure your materials are on hand,
when needed, in the right quantity;
it can control the manufacturing process
itself; and when the job’s done, the
9610 can check the quality of the
finished products automatically. The
system also integrates easily into a
plantwide information network for
management reports and data
processing.

Start with a small system (12 digital
I/O channels and 16 analog inputs) and
expand up to 540 I/O channels and 336
analog inputs. This can be done on loca-

tion, with minimum down time. The
high-speed analog subsystem has a
12-bit 45-kHz A/D converter with
choice of high level and low level ana-
log multiplexers.

Programming is done in simple HP
BASIC or FORTRAN. Operating systems
range from a low-cost interrupt-driven
control system to a sophisticated disc-
based real-time executive program-
mable in ALGOL and assembly lan-
guage as well.

For more information, check O on the
HP Reply Card.

(continued from page 1)

grams of up to 100 steps. The HP-65 can
be programmed either from the key-
board or by inserting a tiny, prere-
corded magnetic program card. Pro-
grams entered from the keyboard can
be recorded on blank cards for future
use. When you no longer need the pro-
gram, erase the card and use it over
again.

For your convenience, prerecorded
programs are available from HP for
statistical, mathematical, engineering,
medical and surveying applications.
Additional application pacs will be of-
fered as they are developed. All HP-65
owners also receive a free one-year sub-
scription to the HP-65 User’s Library.

By itself, the HP-65 has 51 built-in
functions: standard arithmetic opera-
tions plus logarithms, square and square
root, exponential, factorial, reciprocal,
and trigonometric functions. You can
add and subtract in degrees, minutes
and seconds format. You can choose

MEASUREMENTECOMPUTATION: NEWS

any of three trigonometric modes—
degrees, radians and grads— and con-
vert octal-based numbers to decimal-
based integers or vice versa.

There are 9 addressable memory re-
gisters that can be used for data storage
or register arithmetic. The 4-register
operational stack stores intermediate
answers and automatically retrieves
them when needed in a calculation.
Answers appear on the 10-digit LED
display.

Rechargeable batteries operate the
11 oz. (3 hg) calculator for approxi-
mately 3 hours. Included with the
HP-65 are hard and soft carrying cases,
a recharger-adapter, user’s guides, and
a standard application pac.

An impressive capability at a modest
price.

For more information, check A on the
HP Reply Card.

Spectrum analysis plug-in
adds to 180 scopes

HP’s economical 1500-MHz spec-
trum analyzer, the 8558B plug-in for
180 series oscilloscopes, has perfor-
mance and operating features ideal for
lab, production and field applications.
e Three-knob operation—For most
measurements, just tune the frequency
(shown on LED digital readout), select
frequency span width, and set the cali-
brated amplitude level control. The ana-
lyzer itself takes care of sweep time and
resolution (1 kHz to 3 MHz).

e Accuracy—The 8558B offers = 1 dB
frequency response and * 5 MHz fre-
quency accuracy plus > 70 dB distor-
tion-free dynamic range. This is com-
parable to what you’d find in analyzers
costing up to twice the 8558's price.
e Versatility—Because the 85588 is
part of the HP 180 scope family, you can
combine its frequency-domain capa-
bilities with the many time-domain
plug-ins available.

For more information, check M on the
HP Reply Card.

Accurate measurements are made easily with
the economical 8558B spectrum analyzer
(shown here in a 182C oscilloscope).



New digital power sources
for test systems

Designing a minicomputer or calcu-
lator-based test system? Then you'll
need a programmable power source
to generate stimulus, vary Vcc, or ad-

. just bias potential—namely, HP’s ex-
tensive line of digital voltage and cur-
rent sources. More than simple D/A
converters with extra power capability,
the DVSs and DCSs satisfy all require-
ments for system use:

e Isolated digital inputs and outputs to
eliminate ground loops.

e Flexible interface circuitry com-
patible with many programming
sources.

e Internal storage of all digital input
data to eliminate the need to refresh the
supply.

e Programmable current or voltage
limiting that protects supply and load.
e Feedback signals.

e External analoginputto modulate the
programmed output.

There are 5 digital voltage sources,
programmable in 16-bit binary or 8421
BCD, covering an output range from
+10V to £100V at currents up to
12.5A. Programming speed is 350 us.
Two digital current sources are avail-
able: model 6140A, programmable in
16-bit binary or BCD; and 6145A, pro-
grammable in BCD only.

For digital power source specifications,
check | on the HP Reply Card.

The 6145A digital current source has 200 us
programming speed and 1 A (X1 range) or 10 nA
(X10 range) output accuracy.

Microwave power meter
has new accuracy

The 435A power meter's internal RF power
reference provides added confidence in overall
measurement accuracy.

HP’s thermocouple power meter
(435A meter/8481A sensor) covers wide
ranges—10 MHz to 18 GHz in fre-
quency and 0.3 uW to 100 mW in
power. It combines overall measure-
ment accuracy with convenient opera-
ting features.

High accuracy results from the vir-
tual elimination of mismatch uncer-
tainties; the unique silicon-integrated
thermocouple sensor has extremely low
SWR (< 1.2 at 30 MHz to 12.4 GHz,
< 1.3from12.4 GHzto 18 GHz). Over-
all system calibration can be verified
anytime, anywhere, using the precise
RF power reference that’s built into the
435A meter.

Attractive optional features include
an internal rechargeable battery pack
and provision to operate the sensor up
to 200 feet from the meter. The
435A/8481A accuracy can also work
for you in field tests.

For more information, check F on the
HP Reply Card.

Now, prices reduced on
IC troubleshooters

Now many IC troubleshooting instru-
ments cost less, and the HP 10529A
logic comparator has a new ‘‘no-cost”’
accessory. Price reductions affect the
10525E logic probe, 10528A logic clip,
and the 5011T and 5015T kits.

The 10525E is the only logic probe
with fastenough response for ECL logic.
Even a 5 ns pulse causes the lamp in the
probe tip to blink for 0.1 sec. The probe
tip light indicates logic high, lows,
open, and pulse trains.

The 10528A clips over 14 or 16-pin
dual in-line DTL or TTL integrated cir-
cuits. The 16 LEDs on the clip indicate
the instantaneous logic states of all the
pins.

Always a low-cost way to buy IC
troubleshooters, two HP kits are now
even a better buy. The 5015T ““mini’’ kit
contains a logic probe, clip and pulser
to stimulate your ICs in-circuit. The
5011T “maxi” kit contains the same
three plus a logic comparator.

Along with each 10529A compara-
tor, you now get a new plug-in reference
board that has an IC socket and minia-
ture switchs rather than hard wiring the
reference IC. You still get 10 of the old
reference boards, too, for testing a
specific type of IC frequently.

The new board can be ordered as a
spare part (10529-60014).

For more on these lower prices, check
Q on the HP Reply Card.

New plug-in reference board sets up quickly
and economically for infrequently used ICs

MEASUREMENTECOMPUTATION: NEWS



Calculator-aided transformer design
saves time and slashes costs

Simply input your specs (say, temperature rise, voltage and current requirements).
The 9830 calculator automatically selects the fabrication parameters you need.

Designing power transformers invol-
ves using several charts, graphs and
tables, plus your own intuitive feeling
for each problem; selecting core mater-
ial; calculating losses; determining tem-
perature rise; and planning for the re-
quired regulation. Repeated guessti-
mates take time because they must be
done carefully and accurately.

Now, there’s a better way: add an
HP 9830 programmable calculator and
transformer design software to your
staff. The 9830 is a powerful, computer-
like calculator that is fast and easy to
program in BASIC. At HP’s Loveland
facility, it’s used for all new transfor-
mer design problems.

With the 9830 calculator and the HP-
developed software, accurate trans-

MEASUREMENTECOMPUTATION: NEWS

former designing, quoting and speci-
fying is performed with important re-
ductions in time and cost. The software
is user-tested: HP spent 5 years develop-
ing, using, then refining the programs.

The results? Designs that once took 4
hours (using manual techniques) now
take only 15 minutes with calculator-
aided design. Equally significant, only a
third as many HP engineers are needed
to do complex transformer designs. And
turn-around time, from specification to
prototype shipment, has decreased from
an average 10 days to 3 days.

For more on calculator-aided design,
check S on the HP Reply Card.

New OEM disc system is
fastest in its price range

Add a disc subsystem to the HP
2100A computer via a dual-channel
DMA board, and you’ve got the HP
2123A, the fastest disc-based minicom-
puter system an OEM can buy.

The 2100A CPU provides 16K words
of memory, memory parity, memory
protect, hardware multiply/divide, and
power fail/restart. The 5-megabyte disc
has 30-ms access time, making the HP
2123A the fastest system available in its
price range.

There’s another HP exclusive: add a
printed circuit board, Writable Control
Store, to the 2123A system; and you
have the only OEM disc system that is
user-microprogrammable.

For more information, check D on the
HP Reply Card.

The 2123A OEM disc-based system has a data
transfer rate of over a million 16-bit words per
second.



New pulse generator works well
with several logic families

|
\
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Now, test several different circuits over a full range with one easy-to-use pulse generator.

Our new 20-MHz pulse generator has
simultaneous +10V and —10V outputs,
ample for HTL, DTL, RTL, discrete and
analogcircuits. The new 8005B also has
a separate TTL-compatible output for
testing TTL circuitry. Compared to its
predecessor, the 8005A, the new gen-
erator has twice the pulse rate, twice
the output, and three simultaneous out-
lets—all for the same price.

The normal/complement switch lets
you change conveniently from posi-

tive to negative logic without readjust-
ing offset. The 8005B has selectable out-
put source impedance (50€) or current-
source) and linear transition times from
10 nsto 2 sec. With arange from 0.3 Hz
to 20 MHz, the pulse generator also
features square-wave operation from
0.15 Hz to 10 MHz and a double-pulse
mode to 10 MHz.

For the full story, check L on the HP
Reply Card.

Now, the dmm probe becomes a
five-function bench instrument

Four months ago, HP introduced the
970A digital multimeter—a handheld
probe that measures ac and dc voltages
from .001V to 500V with automatic

Equally handy in the field or in the lab, the 970A
takes the trouble out of troubleshooting.

polarity, and resistance from .001 k€ to
10,000 k€.

Now, you can convert the portable
970A into a five-function bench instru-
ment. A new optional current shunt/
bench cradle adds five ranges of ac/dc
current measurement capability. Simply
select a current range of 0.1 mA, 1 mA,
10mA, 0.1 A,and 1 A. The cradle bind-
ing posts add terminal versatility: it
accepts wrap-around, screw-down,
clip-on or banana plug terminations.
All readouts still appear on the dmm'’s
3% digit display.

For more on the probe and the new op-
tion, check P on the HP Reply Card.

New measurement
techniques with storage
and variable persistence

High-speed signals, single-shot
events, or low frequency signals are dif-
ficult, sometimes impossible, to see on
a conventional oscilloscope. However,
the HP 1703 A portable 35-MHz storage
scope captures these elusive signals
with ease. Storage and variable persis-
tence can solve many varied measure-
ment problems.

At Four Phase Systems, a California
computer company, a 1703A scope is
used to detect a single-shot 100-ns com-
mand signal. The stored trace verifies
that the pulse occurred at the proper
time.

When IBM’s instrumentation classes
analyze the contact bounce of switches,
they view these nonrepetitive signals
with a storage scope. Capturing reai-
time waveforms lets the computer
trainees examine this prevalent source
of trouble. Thanks to fast writing speed,
the 1703A displays these high-speed,
single-shot signals clearly.

At the Utah Power and Light Com-
pany, the 1703A interrogates 40 remote
stations sequentially. The signal from
any one remote station is equivalent
to measuring a low rep rate signal.
Using a 1703A scope with delayed
sweep, a technician isolates the desired
signal, then adjusts the variable per-
sistence to display both the master sig-
nal and the remote response. By com-
paring the two traces, he can determine
the validity of the returned data.

For details and more information on
storage applications, check B on the
HP Reply Card.

The portable 1703A scope on-site at Utah Power
and Light Company.

MEASUREMENTECOMPUTATION: NEWS



Now, use source cards

for data entry

Save data preparation time with HP’s
new 7261A parallel card reader. De-
signed for use directly with a computer
or smart terminal, this optical mark card
reader accepts source documents for
data entry. Thus, your initial functional
set of cards—the ones you mark with
ordinary pencil—can be input directly.
The intermediate step of keypunching
is eliminated, as well as the possibility
and probability of keypunch errors.

No special marking pencils are

necessary; and yes, you can erase mis-
takes. You can even make notes; the
card reader ignores areas used for hand-
written messages. Yet, it will read
marks, punched holes, and pre-printed
data. Maximum feed rate is 300 cards
per minute. An optional 500-card select
hopper is available for operation under
computer control.

For details, check K on the HP Reply
Card.

COMPONENT

New high-efficiency
high-power IMPATTSs

These developmental diodes have opera-

ting voltages from 100 to 143V, with operating
current from 50 to 900 mA, depending upon fre-
quency and power output.

Two new developmental silicon
IMPATT diodes are now available for
microwave radar and communications
applications. The two pulsed units de-
liver peak powers of 12W at 10 GHz
and 10W at 16.5 GHz. Designed for
X-band and Ku-band, these double-drift
diodes offer higher power and efficien-
cy, lower junction capacitance, and
lower FM noise than single-drift
IMPATTSs.

Two developmental CW IMPATTSs,
capable of 1.3 and 2.3W at 11.2 GHz,
are also available for X-band oscillators
and amplifiers in telecommunications
applications.

For details, check R on the HP Reply
Card.

MEASUREMENTECOMPUTATION: NEWS

HP reduces prices of
high-speed isolators

Now, you can save 22% to 40% on
high-speed optically-coupled isolators.
These devices combine an LED input op-
tically-coupled with a P-N photo-diode
driving a transistor. Isolation voltage is
2500V. Propagation time isonly 225 ns,
and bandwidth is 5 MHz. They can be
direct-coupled to TTL loads at TTL
speeds without additional buffers or
triggers.

There are three isolators, designed
for different applications. For general-
purpose isolation, use the 5082-4350
with a typical dc current transfer ra-
tio (CRT) of 11%. The 5082-4351 is a
high gain device with CRT of 22% while
the 5082-4352, with a CRT between
15% and 22%, is designed for critical
gain control applications.

For prices and specs, check G on the
HP Reply Card.

Maximum forward dc current is 20 mA; maximum
forward peak current is 40 mA.

New lower prices for
hexadecimal display

Display digits or letters with HP's low-cost hexa-
decimal indicators.

Now, you pay approximately 30%
less for an LED display that converts
binary logic to a base 16 numbering
system and displays letter A-F, as well
as digits 0-9. Used in computers and
test instruments, this solid-state display
is suitable wherever you need to show
more than 10 states.

The 5082-7340 hexadecimal indica-
tor has built-in decoder/driver and
memory. The unique blanking control
lets you turn off the display, and retain
or change the data stored in the on-

board memory. It's completely DTL and
TTL compatible.

To learn more, check H on the HP Reply
Card.



New “super-counter’” provides higher speed, greater
resolution, and unique frequency averaging

verter plugged into the new counter.

Our new 5345A “super-counter’’
brings a quantum jump in measurement
capabilities to general-purpose coun-
ters and opens new application areas.

This unique counter uses the period-
measuring reciprocal-calculating tech-
nique for greater resolution in less time
than conventional counters. For exam-
ple, any frequency between 1 Hz and
500 MHz is displayed to 9 digits in just
1 second. Thus, for a desired resolution,

Pulsed RF and CW up to 4 GHz are measured automatically with a heterodyne con-

you can make hundreds more mea-
surements in the same amount of time.
Unique input amplifiers not only give
10 mV sensitivity with switchable im-
pedances but are also direct-coupled.
Thus, the counter isn’t limited to CW
signals but handles non-symmetrical
waveforms, random events, pulses,
pulsed carriers, and time intervals.
New HP-developed sub-nanosecond
digital logic ensures the counter’s ac-

curacy to = 1 clock pulse of the internal
500 MHz clock and allows gate times
down to 50 ns.

Pulsed carriers can now be measured
automatically, even for very narrow
single-shot pulses. High-speed gating,
the reciprocal technique, and a new
technique known as ““frequency averag-
ing’” maintain accuracy and resolution
on pulses narrower than 100 ns. And
plug-in modules extend automatic
measurements to 4 and 18 GHz. (If you
already have an HP 5245L counter, you
can use the same plug-insinthe 5345A.)

Outstanding time interval capability
gives resolution to 2 ns single-shot;
improved time interval averaging ex-
tends into the picosecond region. Exter-
nal gating allows jitter to be easily char-
acterized between any two pulses in a
bit stream. Ratio measurement is more
versatile than ever because you can
ratio any two signals from dc to 500
MHz with full sensitivity.

System designers benefit, too, be-
cause the new counter interfaces easily
with HP calculators and 2100 series
computers.

There’s more. Check | on the HP Reply
Card.
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ACROSS THE DESK
(continued from page 8)

Help! He needs
a clamp source

I need some clamps that must
support a total of 12 o0z. when
fastened to the lead of an inte-
grated circuit. The clamp should
measure no more than 0.050 in.
wide in reference to clamping sur-
faces, and 0.400 in. long, and it
should not weigh more than 1/2
oz. The material is unimportant.

Can you help me locate a
source ?

Gary G. Lagier
Quality Assurance Manager
Viking Laboratories, Inc.
150 Wolfe Rd.
Sunnyvale, Calif. 94086

Air-cooling guide
gets high rating

May we congratulate ELECTRONIC
DESIGN and Dave Nevala of Digi-
tal Equipment Corp. for the fine
article “A Guide to Good Air Cool-
ing” (ED No. 4, Feb. 15, 1974,
p. 76).

Rotron, Inc., a manufacturer of
air-moving products, has worked
in close association with Digital
Equipment Corp. for the past sev-
eral years. Mr. Nevala’s knowledge
of forced-air convection cooling has
enabled DEC to achieve the de-
sired packaging densities and sys-
tem reliability typical of their
products.

It is gratifying to hear the vir-
tues of forced-air cooling being ex-
pounded by someone outside of our
industry.

Gordon M. Taylor

Manager, Marketing Engineering
Rotron, Inc.

Woodstock, N.Y. 12498

Good-news cable

Though we’'ve seen one of two
messages from advertising agen-
cies, advising us that their clients
are doing nice things, we were
rather charmed by a cable from
Evenett & Desoutter in London,

(continued on page 23)
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NEW from Sprague!

ECCOL

CAPACITORS

for

today’s

ecology-conscious
world

Equipment manufacturers using capacitors with polychlorinated biphenyl im-
pregnant are finding that some nations have prohibited the import of prod-
ucts containing PCB because of its toxicity and non-degradeability.

To meet industry needs for capacitors without pollutants, Sprague has
designed a new series of capacitors utilizing a new non-toxic, bio-degrade-
able impregnant that exhibits essentially identical electrical performance
characteristics to those of PCB. Operating life and reliability are also
equivalent. Even the size of ECCOL® Capacitors is similar to previous de-
signs, except for a slight increase in case height.

Drawn-case ECCOL® Capacitors are available in a wide range of capaci-
tance values from 1 to 554F, with four voltage ratings from 330 to 660 VAC.

For complete technical data, write for Engineering
Bulletin 4550 to Technical Literature Service, Sprague
Electric Co., 347 Marshall St., North Adams, Mass. 01247.

4SP-4107

SPRAGUE

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

INFORMATION RETRIEVAL NUMBER 7
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WANT A 16K BY 20
650 NSEC. MEMORY
ON A SINGLE CARD?

JUST

Not only do we have just the memory you’re looking
for, we have it in a thoroughly field-proven design.
A design that has been accepted — even by our
competitors — as the industry standard. Basically it
is the same reliable 3 Wire, 3D design as our MICRO-
MEMORY 3000. We doubled the capacity, but kept
everything else the same.

It is the MICROMEMORY 3000DD. Consider its cre-
dentials. Cycle and access times of 650 nsec.
and 300 nsec., respectively. Power requirements of
+15VDC and +5VDC. The complete system, including
all necessary logic, drive and sense circuitry complete
on one convenient plug-in circuit board. Standard
configuration of 16K by 16, 18, or 20 bits, alterable
to 32K by 8, 9, or 10. And it is interchangeable with
the original MICROMEMORY 3000.

The MICROMEMORY 3000DD is also available as a
pre-packaged, multi-card system, complete with power
supply, self-test and interface cards, and various other
features and options. And standard chassis are avail-
able to hold from one to 16 memory cards. Since both
the original 8K MICROMEMORY 3000 and the new
16K MICROMEMORY 3000DD cards can be inter-
mixed, this gives you new and greater growth flex-
ibility from 8K to 256K.

Get complete information and technical details from
your local EMM office, or call Commercial Memory
Products Marketing Department at (213) 644-9881.
Do it today.

E m m ELECTRONIC
MEMORIES
COMMERCIAL MEMORY PRODUCTS

A Division of Electronic Memories & Magnetics Corporation
12621 Chadron Ave., Hawthorne, Calif. 90250

Belgium 03/76.69.75; United Kingdom 01/751-1213; W. Germany 0811/74.30.40

‘““See us at the NCC show in Chicago, Booth 671"
. INFORMATION RETRIEVAL NUMBER 8

ELECTRONIC DESIGN 8, April 12,
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= VASTLY IMPROVED
ADJUSTABILITY

s TWELVE TERMINAL
STYLES

= SEALED FOR WAVE
SOLDERING

Meet Bourns new Model 3386, a product that both
buyer and engineer can love . . . with super adjust-
ability that makes for easy, accurate trimming, AND
at a budget balancing price. Most importantly, it's
a BOURNS product . . . and that means QUALITY
and PERFORMANCE you can believe-in, and

' SERVICE you can depend-on.
SERVICE
VALUE

For complete details, contact your local Bourns
representative or distributor, or the factory direct.

SINGLE-TURN CERMET @ TRIMMING
POTENTIOMETER

actual size

in production
quantities

SIGNIFICANT SPECIFICATIONS

» typical CRV less than 1%¢ infinite resolution « TC
of ==100PPM/°C to 200K ohms ¢ power of .5 watt
at 85°C ¢ thin 38" square size

BOURNS

TRIMPOT PRODUCTS DIVISION « 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507

INFORMATION RETRIEVAL NUMBER 9
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icones

Dow Corning si

protect this Time Computer
against a 2,500-g impact.




They also protect against heat,
moisture and thermal shock. |

This Pulsar computer circuit uses
Dow Corning silicones for shock
protection, for positioning individual
components, and as a moisture bar-
rier. They all help Pulsar maintain
an accuracy of =5 seconds per
month. A major production advan-
tage with silicones: only one hour
primary cure is required before
further assembly work. Yet if a cir-
cuit element is improperly placed or
doesn’t test out, the clear sealant
can easily be cut away and the indi-
vidual component replaced without
complete rework. Circle No. 121.

ICs, MOS, CMOS, and other de-
vices made with flame resistant sili-
cone molding compounds provide in
many applications the reliability of
hermetics at about 13 the cost.
These compounds are superior in
moisture resistance, thermal life and
electronic stability over other plas-
tics. Their heat resistant and shock
protective qualities make them
especially valuable in the unusually
harsh environments of automotive
applications. And molding cycle
times are as short as 30 seconds.
Circle No. 122.

Pulsar units withstand 2,500 g's, sym-
bolized by this strobe illuminated scene.
Courtesy Time Computer, Inc., subsidiary
HMW Industries, Inc.

*Trademark of HMW Industries, Inc.

For cooling high-density, high-
performance modules, silicone
fluids thin out very little, and silicone
heat-sink compounds won’t melt.
This results in more effective heat
dissipation, required in high-voltage
power supplies operating over a
wide temperature range. Circle 123.

Silicone rubber insulated wire
and cable, used in nuclear power-
plant instrumentation and controls,
provide reliable service in applica-
tions to 260 C without gumming or

melting. And they continue to func-
tion even after a fire because of their
nonconducting ash. Circle No. 124.

These electronic-quality silicone
products are reprgsentative of a
complete line of silicones that have
inherent properties making them
ideal protectors for almost every
circuit/system.

Send today for “‘Silicones for
Electronic Design,” a 24-page bro-
chure full of special applications
for improving electronic circuits.
Dow Corning Corporation, Depart-
ment A-3202, Midland, Michigan
48640. Or call your nearest
Dow Corning distributor.

Silicones; simply the best way
to protect electronic circuits.

DOW CORNING

DOW CORNING

ACROSS THE DESK

(continued from page 19)

the agency for Jermyn, Sevenoaks
Kent (with U.S. headquarters in
San Francisco). The cable read as
follows :

“Don’t believe all you read in
papers. Britain not fallen in pit.
Not all workers revolting. Not
everyone on short time. Example:
Jermyn has own generator work-
ing five-day week as usual. Satis-
fying worldwide demand as usual.
Sun is shining. Spring is early.”—
John Evenett

A little ‘bureaucracy’
in us all, says V. P.

Your editorial “The Bureau-
cracy” (ED No. 3, Feb. 1, 1974, p.
51) certainly rings true. A little
of this attitude fits all of us.

Certainly we can all relate to
the man or woman who fits the
bill. Not only did we have a name
for such people in the Army, but
the name also applies to some peo-
ple in our profession. In short, if
the shoe fits, wear it.

I enjoyed the editorial, and look
forward to more of your clever wit.

Robert Shevlot
Vice President, Marketing
Texscan Corp.
2446 N. Shadeland Ave.
Indianapolis, Ind. 46219

Add the inflation factor

I feel that R. W. Wiegel over-
looked a very important parameter
in his plot of semiconductor stor-
age-element price trends (see “The
Memory Price Plot,” ED No. 25,
Dec. 6, 1973, p. 8). If an inflation
factor were added, his plot would
surely resemble more the ampli-
tude-frequency response of a crys-
tal filter—or any other bandpass
filter viewed through a crystal ball.

C. Humphrey
Engineer
Raytheon Canada Ltd.
400 Phillip St.
Waterloo, Ontario,
Canada N2L 3X3
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The more creative your mind, the
better you'll like our dual-in-line
socket boards and cards. Because
they give you more design
freedom than Augat's.

For example, we put both 14- and
16-pin sockets on the same board.
We build in a unique “wire
wrappable” section for discrete

components. Also a “universal”
section to take unusual compo-
nents. And power decoupling.
And “‘wire wrappable” test points.
And so on, and so on.

Everything to serve you better.

We're EECO. WE'll see

you through.
INFORMATION RETRIEVAL NUMBER 11
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¥
4
1441 East Chestnut Avenue
Santa Ana, California 92701
Phone 714/835-6000
Also from G. S. Marshall Company nationwide.
|' FREE SOCKET BOARD AND PACKAGING |
HARDWARE CATALOG! :
| We'll send it to you if you'll send us the |
| information below. [
: Name :
: Position :
|
: Company |
| |
| Address |
ELEcTRONIC DESIGN 8, April 12, 1974



At last.
A monolithic multiplier
you don't have to trim.

ADS. Intemally laser-trimmed
by us. No problems for you.
$16 in 100’s.

The AD532 is the first totally self-contained monolithic
multiplier/divider. Thin-film resistors are deposited
directly on the chip and trimmed during production with
a computer-monitored laser.

The results?

First of all, you don’t have to mess around with the
trimming yourself, which saves you time and money.

Plus, you can take advantage of the inherently greater
reliability of a monolithic IC. We've eliminated off-the-chip
trim adjustments, so there are fewer connections and
less possibility that something will go wrong.

The PSRR is improved, too, because variations in the
power supply have a minimal effect on trim.

In addition, you get differential X and Y inputs, because
the -X and -Y inputs are no longer needed for off-the-chip
trimming. This gives you two instrumentation amplifier-
like inputs with 70dB of CMR.

The AD532 is a plug-in replacement for our AD530,
which has been, until now, the industry standard for small
size, low cost, high performance multipliers.

Other features include a maximum error of less than
1.0% and an output swing of =10V. An output null
terminal permits independent setting of the output
offset. The AD532 multiplies in four quadrants with a
transfer function of (Xi1-X2) (Y1-Y2)/10, divides in two
quadrants with a 10Z/(X1-X2) transfer function, and square
roots in one quadrant with a transfer function of +VI0Z. °

All that foronly $16 in 100’s.

We still make our high-accuracy AD530 multiplier and
our AD531, the first programmable IC XY/Z multiplier.

IC multipliers. Just one more way to keep you—and us—
a step ahead of everyone else.

For complete specs, write or call the high performance
linear IC people at Analog Devices Semiconductor,
Norwood, Massachusetts 02062. (617) 329-4700.

ANALOG
DEVICES

INFORMATION RETRIEVAL NUMBER 12
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Now you have an
alternate source for

2GHz & 3GHZz
microwave
transistors

TRW’s new 2GHz & 3GHz microwave amplifier improvement in the reliability of your amplifiers.
parts are available right now, off-the-shelf, from Part for part:
any authorized TRW distributor. So, soon as you

qualify these parts, you are no longer at the mercy 2GHz PART NUMBERS 3GHz

of a single-source manufacturer! Aluminum _ Gold Aluminum Gold
And here’s some more news: our ;rgnsistors are 1W MSC2001 TRW2001 MSC3001 TRW3001
Dot Gk retlocs 1ot et Metitmiors.  DMCLMoGeEs | TRWEOGS WSCa0b THNAGS
tion failure is virtually non-existent. The 2GHz parts SW MSC2005 TRW2005 MSC3005 TRWS005
can also withstand infinite VSWR and overdrive. 10W  MSC2010 TRW2010 = —
Yet TRW'’s gold metalized parts cost the same as

ordinary aluminum ones (maybe less!). For details, call Don Comm, (213) 679-4561.

These are practically drop-in parts. You can use Or write TRW Semiconductors, an Electronic Com-
them right now, in your present amplifiers—and, of ponents Division of TRW Inc. 14520 Aviation Blvd.,
course, in future designs. That means instant Lawndale, California 90260.

TRMW semiconpucTors

These products are available through the following authorized distributors:

Almo Electronics Electronics Marketing Corp. Pyttronic Industries Inc. R. V. Weatherford Co.
Bell Industries Elmar Electronics Inc. Rochester Radio Westates Electronics Corp.
Cramer Electronics Inc. Hall-Mark Electronics Corp. Semiconductor Concepts Inc. Wilshire Electronics

INFORMATION RETRIEVAL NUMBER 13
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LS| finding a place in homes
in multi-purpose alarms

Large-scale integrated -circuits
are starting to turn up in sophisti-
cated security alarms for the
home.

An LSI system introduced by
Westinghouse Electric Corp.,
Pittsburgh, for use in high-rise
apartment buildings has, in one
system for the first time, all of
these features:

m Alarm tones that distinguish
fire and smoke conditions from in-
trusion and emergency conditions.

m Separate tones that distin-
guish line trouble from an actual
alarm.

m A private code number for
each apartment.

m Two-way voice communica-
tions between the central monitor-
ing console and apartment units.

® An acknowledgement light
that tells the resident that moni-
toring personnel have received the
alarm.

m Adjustable arming and dis-
arming time periods.

The all-in-one security system
is based on a single, 40-pin LSI
PMOS circuit. According to Doug-
las Drumbheller, engineer in charge
of the project, the original design
was done with about 50 CMOS
ICs. The switch to PMOS was
made, he explains, when it was
realized that power saved with
CMOS was negligible compared
with the high power required to
drive the alarm speakers.

The chip is a random-logic, ion-
depletion-mode device and is manu-
factured to MIL Spec 883 Level B,
except for the burn-in require-
ment. The MIL spec was chosen
to get very high reliability.

Smoke, heat and intrusion sen-
sors are wired to a small master
control panel in each apartment.
This panel contains all of the
alarm circuitry and is connected
by a single cable to a central
monitoring console, usually placed
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in the lobby of the building.

There are two distinet alarm
sounds: an electronic gong for fire
and smoke, and a siren for in-
truders and other emergencies.
These signals are digitally gener-
ated on the chip. Other functions
performed on the chip include fault
and level detection, system testing
and supervisory control.

In addition to the MOS chip,
the system contains a 256-bit bi-
polar pROM that holds 3-to-6-digit
user code, a communication board
that contains a discrete-component
power amplifier for the intercom,
and a local power supply.

Drumbheller points out that the
communication board is a plug-in
that can be changed for interfac-
ing to a CATV network.

4-signal RCA system
joins quadraphonic race

A quadraphonic FM stereo sys-
tem that broadcasts four discrete
audio signals was demonstrated by
RCA at the National Association
of Broadcasters Conference in
Houston, Tex.

The system is competing with
at least seven others for ultimate
adoption by the Federal Communi-
cations Commission.

Gene Bidun, broadcast profes-
sional equipment product manager
for RCA Government and Com-
mercial Systems, Moorestown, N.J.,
says the new system is compatible
with existing stereo and mono-
phonic FM receivers. A key fea-
ture is two modes of operation.

In one mode four separate sig-
nals are broadcast, but the
subcarrier frequency that is used
for FM background music cannot
be used. Since background music
produces considerable revenue for
FM stations, it can be retained in
the second mode of operation, with

only about 10 dB loss of channel
separation, according to Bidun.

The RCA system will be evalu-
ated by the Electronic Industry
Association’s National Quadra-
phonic Radio Committee this
spring or summer. Not all of the
systems under consideration by
the EIA transmit four discrete
channels. Some are matrix systems
that use the existing two stereo
channels and rely on phase-shifted
audio components to produce a
simulated four-channel effect.

With RCA’s system, Bidun
points out, four signals—M, X, Y
and U—are combined for trans-
mission in the same way as mono
and stereo. The M channel contains
all of the four-channel informa-
tion, so it is compatible with exist-
ing receivers.

The standard 38-kHz stereo
subecarrier is modulated by a dou-
ble-sideband AM suppressed car-
rier to form the second, or X,
channel. The third, or Y, channel
is provided by a second 38-kHz
subcarrier that is in quadrature
with the first and similarly modu-
lated. The fourth channel, which
uses a 76-kHz subcarrier, is pro-
vided by the U signal, modulated
like the X and Y channels.

All four audio signals can have
a bandwidth of up to 15 kHz, and
all of the information for four-
channel sound is multiplexed onto
the main FM carrier within a total
bandwidth of 91 kHz.

Because the most significant in-
formation for four-channel sound
is impressed on the three highest
quality channels—M, X and Y—
the fourth channel, U, may be
dropped to use the FM signal
channels in the 53-to-75-kHz band.

PC-board holes made
with simpler technique

A photochemical process for
making “through-holes” in print-
ed-circuits boards is reported to
be cheaper and simpler than the
conventional mechanical technique.

According to the developer, San-
dia Laboratories, Albuquerque,
N.M., the technique cuts costs by
eliminating a lot of machinery:
numerically controlled or optical
drilling machines, as well as the
jigs and fixtures normally needed
for reference holes and the regis-
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try of circuit art work. The proc-
essing time for finished boards is
also reduced, and the technique al-
lows complete automation of PC
board manufacturing by reducing
it to a batch process.

The key to the new process is
a dielectric substrate containing
preformed holes spaced on a 0.1-
inch matrix. These 0.03-inch diam-
eter holes conform to accepted
drafting practices and match the
lead patterns on such components
as transistors and ICs, permitting
components on both sides of the
board to be connected.

The holes are punched, drilled
or molded into the substrate dur-
ing original manufacture, then
covered on both surfaces of the
board by standard copper cladding.
A row of holes is left uncovered
along one edge of the board for
registration.

To open the proper holes in the
substrate, the board is covered
with a standard negative photo-
resist coating and exposed through
a photo positive containing the
hole diameters and locations for a
circuit. Standard developing and
etching open the holes on each
side of the board.

The resulting hole pattern is
then cleaned and plated through
with existing techniques. Remain-
ing steps follow the standard
“panel plate” process. Larger holes
for mounting, plotting and other
purposes can be made with the
technique, then drilled through
with an inexpensive shop drill.

Satellites to give WU
30 times more capacity

With the launching this month
of the first of three domestic com-
munications satellites, Western
Union is moving to increase by
thirtyfold the capacity of its
transcontinental microwave trans-
mission system.

The two other satellites are to
go up in June and October.

The satellites, called Westar,
are almost identical to Telesat
Canada’s Anik. Both the Ameri-
can and Canadian systems were
built by Hughes Aircraft.

The three Western Union relay
stations will operate with five fixed
earth stations and associated mi-
crowave relay links. There will also
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be a ground station for tracking,
telemetry and the forwarding of
commands to the satellites.

At the heart of each satellite is
a communications repeater that
consists essentially of 12 independ-
ent fixed-gain amplifiers, each with
a bandwidth of 36 MHz. Common
to all transponders is a wideband
receiver that establishes the sys-
tem noise temperature, translates
6-GHz receive carriers to 4 GHz
for down transmission and ampli-
fies the 4-GHz carriers to an inter-
mediate power level prior to chan-
nelization.

A significant advance in tech-
nology over that incorporated in
previous communications satellites
is Westar’s antenna de-spin sys-
tem. De-spinning is necessary to
keep an antenna oriented toward
the earth while the body of the
supporting satellite spins in orbit
for stability.

Canada’s Anik has a de-spin and
antenna-pointing mechanism that
uses an earth-generated control
signal. This, however, “creates the
possibility that signal—or power
—failure at the control station
could result in antenna misorienta-
tion and complete loss of commu-
nication, Western Union says.

To guard against this, Westar
was provided two precautions:
Highly accurate antenna spin con-
trol is provided by a pilot signal
from the earth. And this is backed
by a simple on-board de-spin sys-
tem that takes over instantly and
automatically if the pilot signal is
interrupted.

Another difference is in the feed
system. Anik’s antenna pattern is
generated by a three-horn, phased-
feed system that creates an ellip-
tical pattern over Canada. Westar
uses a four-horn, phased-feed sys-
tem that creates an elliptical pat-
tern over the United States, a spot
beam over Hawaii and provides a
“back-porch” pattern covering
Alaska and Puerto Rico.

A-power project to try
new laser optic setup

A key element in a system that
may ultimately produce unlimited
electrical energy from isotopes of
hydrogen in sea water is a new
reflecting optical system for direct-
ing and focusing high-energy laser

outputs.

Developed by the Raytheon Mis-
sile Systems Div., Bedford, Mass.,
for the University of California’s
Los Alamos Scientific Laboratory
in New Mexico, the optical sys-
tem is being used to determine the
feasibility of using lasers to initi-
ate controlled thermonuclear fusion.
The program is part of the Atomic
Energy Commission’s effort to pro-
duce practical electric power with
thermonuclear sources before the
year 2000.

The Raytheon approach handles
the laser beams at visible or infra-
red frequencies. Donald Banks,
chief scientist at Raytheon, says
the system has a much higher sur-
face-to-aperture ratio than conven-
tional systems do, thus reducing
the power per unit area.

A proprietary material with very
high dimensional stability is used.
Problems with earlier systems have
centered on the fact that many
lens materials deteriorate because
of the heat generated by the laser
beam.

The new system uses highly
polished geometric solids for the
reflecting surfaces. A key element
on which the laser energy is di-
rected is a mirror-surfaced hyber-
bolic-shaped solid that resembles
the nose cone of a missile. The
energy is reflected from this sur-
face to other surfaces in the focus-
ing structure, and eventually to a
target point, where the focused
energy produces intense tempera-
ture and pressure.

Because the lasers can deliver
large amounts of energy in short
times and the beams can be focused
on extremely small areas, they are
potentially capable of providing
compression and the intense heat
of millions of degrees believed
necessary to induce fusion in such
materials as heavy isotopes of hy-
drogen. Once the nuclear reaction
is initiated, the energy released—
many times that put into the sys-
tem—would be absorbed by liquid
lithium and thermodynamically
converted to electricity.

The Raytheon system will be
used at the Los Alamos Laboratory
to handle and focus high energy
from carbon-dioxide laser chains.

The optical system was develop-
ed by Raytheon in a three-year
program headed by Dr. Werner

. Rambauske.
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The new Keithley
Model 168 autoranging DMM...
.Vvive la différence!

There really is a difference in Digital Multimeters,
and once you've experienced Keithley's 168 you'll
know why we say vive! If you're tired of “general-

performances; if you want that bit extra that'll make
your job easier, then vive la difference...here's the
DMM for you! Send for our DMM Selector Guide or

purpose’ promises that turn into run-of-the-mill call us for demo now. Phone (216) 248-0400.

two-terminal
input
Simple to
connect. You ;
can't getit wrong. Elimi
“whoops" from your vo
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POWER = OHMS r~VOLTS-AMPS

fF LINE CNG BAT | W A N
HITHLEY 168 AUTORANGIN

B = O H) S
RUMENTS
U.S.A.: 28775 AURORAROAD, CLEVELAND, OHI044139
EUROPE: 14, AVENUE VILLARDIN, 1009 PULLY, SUISSE
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REPORT ON BREADBOARDS

From $2.50 to $1500,
good systems can save you
time in circuit design

“With the right bread-
boarding system, I can
turn out a fairly com-
plex circuit design in a
matter of hours. With
the wrong kind, it may
take all day, and even
then, translating it to a
prototype for produc-
tion can be a pain in
the neck.”

This observation,
made by an instrument
designer, is echoed by
engineers around the
world. A good bread-
boarding kit is impor-
tant. But what is good?
And for whom?

There are all kinds to
choose from. They cost
anywhere from $2.50 to
$1500, and there are
advantages to all. They
include these:

m A plain board with
punched holes—the sim-
plest form. Sometimes
special pins for wired
interconnections are pro-
vided. Components are mounted
and connected to the pins.

m Plug-in kits with interval bus
bars. These are slightly fancier.
They require no soldering; circuits
are formed by “push-in” wire con-
nectors. ,

u More complex plug-in kits—

John F. Mason
Associate Editor
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B.readboard Hardware, by Augat, is designed to accept
either ICs or sockets into which ICs can be plugged.
Interconnections are made with wrapped wire.

with built-in power supply, system
checks, switches and lamps. They
can cost $1500.

®m Soldered-wire systems—a
building-block approach. Special
component-mounting pads are in-
terconnected with soldered wires.

m Self-adhesive kits. Similar to
decals, the metalized wire layouts
are mounted with self-adhesive
backing. To lay out a circuit, you
simply peel off the backing and

press the pattern onto
a circuit board.

8 Wrapped-wire pan-
els. They consist of rows
of sockets that can be
tied together by wrap-
ped-wire solderless in-
terconnects. Here, com-
ponents are plugged in
on one side of the board
and interconnected from
the other side with a
simple wrapping tool.

What do you need?

Which advantage is
important for you? You
can’t have them all in
any one board. These
are prime considera-
tions:

m Simplicity or deluxe
“laboratories”? What'’s
the case for a plain
board with punched
holes vs the expensive
systems that come
equipped with their own
power supplies, pulse
generators and switches? The ex-
tras, called by some vendors “com-
plete laboratories,” run into money
but can be worth it if they are
used continuously by a large group
of engineers whose designs are
copied by technicians. :

= Reusable socket boards. Re-
usability is important for schools
and for engineering applications
when the cost of components is a
factor. You don’t want to solder
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Thousands of communications
equipment designers do. They
specify PaB relays in their prod-
ucts because reliability in commu-
nications is a must, and P&B relays
have a reputation for long life.

Specifying PaB is easy. After
all, PaB makes more different
types of relays than anyone else.
Electromechanical...reed... solid
state/hybrid...solid state...time
delay. As well as relays created
specifically for a particular appli-
cation. And even relay-oriented
sub-assemblies custom produced
to your requirements.

And, when relays do need to be
replaced, identical-to-original re-
lays can be obtained from the
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PsB...

get the message”?

w" ‘ :
| F
. i
%

broadest network of relay distribu-
tors in the country. Ours.
Our message is clear.
Whenever you need relays or
design assistance concerning re-
lays and assemblies employing

relays, contact your PaB represen-

tative. He can also give you our free

Solving switching problems is what ‘
were all about. o

INFORMATION RETRIEVAL NUMBER 15

226-page catalog. Or, write Potter
& Brumfield Division of AMF Incor-
porated, Princeton, Indiana 47670.
Telephone 812 385 5251.

ANMF -

Potter & Brumfield
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Removable sockets are provided by Adam |, by E&L In-
struments, so one engineer can use the system’s power

an expensive IC and later risk de-
stroying it when you try to take
it out. If the breadboard is going
to become the prototype, of course,
it’s a one-shot deal anyway.

® Ease of use and time saving.
The time it takes to design a cir-
cuit is not necessarily proportional
to the quality of the finished prod-
uct. You can work all day and turn
out a mess if you're using the
wrong hardware. The important
thing is to have a system that
calls for a. minimum of mechani-
cal manipulation and lets you spend
your time on the creative aspect
of design.

m Standardization. There’s a
strong trend toward building sys-
tems that will accommodate all
kinds of components without need
for adapters. It’s important to be
able to use what you’ve got on
hand rather than having to go
back to the factory.

m Availability. It’s important
to buy from a company with an
adequate continuing line of prod-
ucts.

m Versatility. The breadboard-
ing equipment should be able to
handle simple components and ad-
vanced ICs. It should also be ready
to accept new technology as it
emerges. You may find that a board
designed for 14 or 16-pin DIP ICs
with rows on 300-mil centers may
not be able to handle DIPs with 24
or 40 pins or DIPs with pins on
600-mil centers. It’s also important
to be able to add tie points and
test points as a design progresses.

m Reliability. The designer can
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Tuned circuit can be mounted in
less than four minutes on a GP-7
Mini-Mount, Christiansen Radio says.
It's one of 14 patterns used in the

.company’s no-hole, no-drilling, dc-

to-GHz breadboard systems.

lose time and his patience trying
to figure out why an oscillator
doesn’t oscillate when all the time
an internal bus bar is intermittent.

m Convertibility. Easy transition
from breadboard to prototype to
production model is important.

m Cost. It’s wise not to overbuy
or underbuy. For small projects,
it’s extravagant to use boards with
elaborate jumper-terminal systems,
installed sockets and power sup-
plies. On the other hand, a lot of
expensive time can be lost on a big
job if special tools and connectors
have to be fabricated.

Simple or deluxe?

When is a $3 board better than
a $1500 system? This is not a set-

supply, pulse generator and other accessories, then re-
move his socket and let another engineer move in.

up for a joke; it’s an important
question with important answers.

“A simple breadboard is good if
the only goal is to get a simple
circuit operating to demonstrate a
counting frequency or to make
product variance tests, or evaluate
second-source devices,” says Floyd
L. Hill, vice president of market-
ing of Vector Electronic Co., Syl-
mar, Calif.

“A simple flip-flop circuit can
be handled by a pair of Vector’s
new Klip-Bloks [miniature patch-
boards with 0.1-inch spaced multi-
ple contacts] mounted on a piece
of perforated board with a few
adjacent terminals,” Hill says.
“A  high-speed logic breadboard
may require elaborate shielding,
ground-plane construction, con-
venient, accessible three-level pow-
er buses and a wiring technique
that keeps signal interconnections
as short as possible.”

Vector offers its Universal Logic
Cards and specific accessories for
these situations.

Another plug for simplicity:
“The kind of board depends a lot
on where in the production de-
velopment cycle it’s going to be
used,” says Richard David, vice
president of Keystone Electronic
Corp. in New York. “A cheap
board is good for simple designs
that can be used as the prototype
itself. Also, if a breadboard must
be kept throughout the product
life as a means of updating or
checking the design, a simple
board can be used; it would be ex-

(continued on pg. 34)
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ic-Push-Toc-It's balanced!

New Honeywell signal conditioner

with automatic 2 second bridge balance-

saves time-saves money.
Strain gage excitation, automatic =~ !
balance, amplification and complete ~ CHANNEL
signal control in this size plug-in
module.
e Continuously adjustable sensitivity, ‘ BRIDGE AMPLIFIER
readable from front panel. : 5.0v

e Calibrated input suppression. i

e Galvanometer sensitivity and
position controls.

e Tape playback mode switch. =

e L ocal or remote sensing. % SUPPR

e Three non-interacting output :
amplifiers.

e Bipolar double shunt calibration.

e Wide sensitivity from one to 1100 mV.

e Frequency range from dc to 50 kHz.

Honeywell's new Accudata 218 is
the time and money-saving strain-gage
amplifier unit that electronically and
automatically balances the bridge in
less than two seconds. (Many times
faster than most manual balancing
units.)

. FLTER Pre GaLVO
FREQ ’

!— QUTPUT
10.0V FS

ACCUDATA 218

Accudata 218 —Actual Size

Honeywell

The Automation Company

Other time-saving features: direct
reading sensitivity for rapid
calibration—reduced set up time. Tape
playback selector switch eliminates
need to change signal input and
recalibrate system sensitivity when
switching from record to playback.

AND...full scale output switch mode
that eliminates external recorder
calibration techniques. Internal,
calibrated input suppression that
eliminates the need for external power
supply and hook-up.

PLUS...three non-interacting outputs
that provide insurance against loss of
data in the event of shorts or overloads.

Below: Two more of Honeywell’s
fine family of Accudata signal
conditioning units: The Accudata
122/123 — solid state, wide band, wide
gain range differential input dc
amplifiers. And the Accudata 117 —
adirect coupled, single ended floating
wide band amplifier of moderate gain
for use as a general purpose signal
conditioning instrument.

o i

For a FREE short form catalog and
specifications on the Accudata 218,
write or call: Lloyd Moyer, Honeywell
Test Instruments Division, P.O. Box
5227, Denver, Colorado 80217

(303) 771-4700.



For breadboarding small quantities of ICs, this panel from Augat is handy,

because interconnections are made with standard wire jumpers.

pensive to use a high-priced unit.”

“One factor here,” says Murray
Gallant, president of E&L Instru-
ments, Derby, Conn., “is whether
you’re working in a place that’s
already got the power supplies and
pulse generators and other periph-
erals that you need for designing.
A student, for example, doesn’t
need anything more than our SK-
10, costing $17.25, because he has
access to the university equip-
ment.”

He can design as many circuits
as he wants, making solderless
connections to and from -circuits
within the SK-10 simply by insert-
ing stripped ends of common #22
solid wire into small holes in the
top of the socket. He doesn’t need
built-in auxiliary equipment.

“But a $1500 deluxe model does
pay off,” Gallant continues, “when
you are setting up a new opera-
tion where there are no power
supplies, pulse generators or any
of the other things you need for

breadboarding. Under these condi-
tions it may well be cheaper to
buy the entire package.”

For this, E&L Instruments of-
fers its Elite series and its Adam
I. The Elite 2, for example, pro-
vides a built-in function genera-
tor, dual-output pulse generator,
three independent power supplies,
12 buffered monitor lamps, four
SK-10 component sockets, isolated
switch and pushbutton arrays and
a variety of I/O connectors. It
costs $1395.

Adam I goes a step further. It
has the basic instrumentation of
Elite 2 plus a socket board that
can be removed, leaving space for
an extra one to be slipped in.
“Five or six engineers, each with
his own socket, can use the same
Adam mainframe,” Gallant ex-
plains.

Later this year Adam II will be
announced, offering a heavier pow-
er supply. Adam I costs $450, and
Adam II, which will probably

Multiconn breadboarding system, made by Vector, can accommodate almost
any interconnection technique—wrapped, soldered or push-in wire.
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phase out Elite 2, will cost ap-
proximately $1500.
Hewlett-Packard is now offering
a digital laboratory in a compact
package that was developed origi-
nally as an educational tool. The
unit, Model 5035T, sells for $650.

Consider the components

Another factor in choosing a
board is the kind of components
you plan to use, says Vector’s Hill:
“Industrial applications often call
for large components with non-
standard lead and mounting di-
mensions.” For these applications
perforated boards with 0.093-inch
holes on 0.265-inch centers are
often used.

With large or heavy components,
of course, the board, whether
sinple or deluxe, should be thick
enough to support them. If a board
bends it could cause connections
to open.

When trying out new ideas, a
relatively simple pre-punched board
and push-in terminals are more
useful than a virgin board, ad-
vises Keystone’s David. Various
configurations can be tried with-
out need to punch your own holes.
Keystone’s boards come with hole
sizes ranging from 0.042 to 0.120
inch in diameter and spaced on 0.1
to 0.375-inch centers.

Virgin boards are cheap or
expensive, depending on who is
using them, says E&L Instru-
ments’ Gallant. “For a hobbyist
whose time is free, a virgin board
is a very inexpensive device. It’s
one thing for him to spend two
hours boring holes and another for
a highly paid engineer.”

But virgin boards do have their
uses, David says. They're good for
limited production runs when the
design is already set. When laying
out a virgin board, however, the
designer should give careful con-
sideration to the various terminal
types available.

“The circuit board should not
become cluttered,” David notes,
“nor should a terminal have more
wire connections than it was de-
signed to carry. This is particularly
important in military work, where
specifications determine the meth-
od and number of connections to
a terminal.”

Keystone offers a line of termi-
nals that include single or multiple
turrets, tubular (hollow), double-
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Even if no utility cutbacks were
expected this year, you'd still have to
live with brownouts caused by heavy
equipment startup and excessive power
demand.

And even a 10% brownout can make
trouble. Solenoids actuate too slowly
Coils and transformers overheat
Inadequately protected motors run at
the wrong speed or overheat.
Semiconductor circuits malfunction.

Sooner or later. individual
component breakdowns will precipitate
broader equipment failure. When this
happens. your customer isn't going to
like the downtime and you're not
going to like the expense (and
embarrassment) of having to service an
otherwise reliable product

Heinemann comes to the rescue

with—you guessed it—a "‘smart’’ circuit
breaker that takes your equipment off
line before brownout can damage it.
The same breaker, remarkably, also
provides overcurrent protection and
power switch functions. The secret is a
solid-state module that senses
undervoltage conditions and, after a
predetermined short delay, causes the
breaker to trip

Brownout protection is a new option
on any of our Series JA (up to 30A).
AM1 (up to 60A), and CF (up to 100A)
breakers using the patented Du-Con'"
internal circuit

Want to beat the brownout before it
beats you? Contact your nearby
Heinemann representative or
Heinemann Electric Company, Trenton,
NJ 08602 Phone (609) 882-4800

< HEINEMANN

We keep you out of trouble



ended and split push-in types in a
number of places.

Is reusability important?

In general, it’s a good idea to
buy a breadboard you can reuse,
says Hill of Vector. But in any
given case it depends on the nature
of the circuit, what you’re going
to do with the breadboard and how
tight money is.

For schools, the whole idea is to
learn and to reuse the board as
long as possible. And even in some
engineering applications the cost
of components may be a factor—
unsoldering an expensive compo-
nent isn’t always successful. But
with cheap components, it may be
cost-effective to solder parts that
won’t be changed anyway, Hill
says.

All of Circuit-Stik’s basic drill-
ed-board material, sockets and con-
nectors can be used many times,
says Donald E. Harper, the com-
pany’s director of marketing in
Torrance, Calif. In the case of Cir-
cuit-Stik sub-elements, the basic
board is built up with standard
patterns, such as three-lead tran-
sistors, and 14-lead DIP sub-ele-
ments. The active components may
be removed and new components
soldered in, Harper says. If you
want to change a three-lead to an
eight-lead TO-5 sub-element pat-
tern, it can be done easily by re-
placement of the pattern, he says,
adding that the remainder of the
board would possibly still be re-
usable without any changes.

A number of companies make
plug-in boards that don’t require
soldering and unsoldering. Boards
made by Cambion in Cambridge,
Mass., provide jacks or sockets for
components to plug into. Some of
the patch cords are of the piggy-
back type, allowing many connec-
tions to be made at one point.

E&L Instruments also builds
plug-in boards. According to its
president, Gallant, the company
has steered clear of helical spring
terminals because with them “in-
termittent conditions inevitably
result, due to the single helical
spring’s inability to flex, its lack
of wiping action when leads are
inserted and the difficulty of
mounting very thin leads which
simply slip out.”

Since prizes are never handed
out for the way you design a cir-
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Instant Breadboard, by Instant In-
struments, Glen Cove, N.Y., allows
the engineer to assemble a circuit
without inserting components. The
circuit is soldered to pre-etched pat-
terns of large, lift-resistant copper.

cuit—but only for the merit of
the finished product—the faster
and easier you do it, the better off
you are. Some companies attack
the time and ease-of-use problem
by building breadboards that re-
quire no adapters and no soldering.
They build plug-in boards that are
designed in a logical, visual way
that’s easy to understand. You
don’t have to reverse the board to
translate it to a prototype. Makers
of such systems say they provide
a time saving of 3 to 1 over any
kind of soldering system, and 2 to
1 over any solderless system that
is designed around dual-in-line
packages that are built in fixed
configurations. This includes wrap-
ped wire. When you have to work
with these fixed configurations and
put the ICs where the breadboard
manufacturer wants you to—and
use his special jumpers—it takes
time, according to these manufac-
turers.

Quick and easy

Many manufacturers’ designs
are based on solderless construc-
tion with instant interchangeabili-
ty, inexpensive interconnections
with common jumper wire and a
wide range of component sizes and
shapes.

Components, both discrete and
integrated, are inserted directly
into the socket, with a secure
spring contact to hold them in
place. These springs are bifurcat-
ed, rather than helical, and are
self-wiping on each insertion of
components or leads. They are
firmly embedded in a precision,

plastic matrix and are exception-
ally uniform in contact pressure
over a wide range of component
lead sizes.

Some designers prefer wrapped
wire for both breadboard and pro-
totype hardware. According to
R. T. Hunter, product manager
of Electronic Engineering Co. of
California in Santa Ana, the tech-
nique is growing rapidly.

“A technician can wrap about 40
wires per hour, which really isn’t
too bad,” Hunter says. “And a
machine can wrap, using semi-
automatic equipment, in excess of
240 wires per hour.”

Wrapped-wire innterconnects
work very well with IC socket-panel
hardware, Hunter says, because
when changes become necessary,
they are easy to make.

“Changes of components, inter-
connection or circuit complexity
can be made easily by hand at
any time during the breadboard-
ing or prototyping period,” he
says.

Other manufacturers see a dis-
advantage to wrapped wire—one
that doesn’t become apparent until
you try to use it. All schematics
or circuit diagrams for ICs are
drawn as you look at the unit from
the top, while wrapped wire is done
from the reverse side of the IC.
This is fine if you can get your
mind to work 180 degrees out of
phase, some manufacturers point
out, but this takes practice.

Circuit-Stik helps the designer
save time by providing pressure-
sensitive circuit sub-elements as
well as plug-in boards.

Holes are pre-drilled for easy
insertion in the boards. And other
connections, such as stripline and
copper tape, are backed with ad-
hesive. These are placed between
the two points to be connected and
a drop of solder is used at each
end.

“The pressure sensitive adhesive
holds the stripline and the tape
firmly in place, but either one can
be pulled free by using a sharp
knife,” says Harper, the company’s
marketing chief. »

With the adhesive approach, you
can easily modify sub-elements, he
says, simply by slicing off one with
a sharp knife and replacing it with
another. A stripline can also be
used to cross over other connec-
tions, because it is insulated. It
can go on top of an existing de-
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Standard Vactec phototransistors provide very high
sensitivity and good blue response. Liberal design
flexibility is also offered with trade-off for some
characteristics, including: light current; response time;
spectral sensitivity; and breakdown voltage. Selection
of packages are TO-18, co-axial, pill, non-hermetic
TO-18 size and special arrays on 50-mil or

25-mil centers.
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Custom design is practical for quantities as low as
10M per year. Masking charges are nominal. Our
automatic test capability includes 100% sort (with
light applied) for Ic¢o, breakdown voltage and
dark current. Vactec can also second-source
200 600 800 1000 1200 practically anyone’s phototransistors. Write
Wavelength — nm for Bulletin VITA-1 today.
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sign, if modification is necessary.
Circuit-Stik GP boards can be
used with wrapped-wire sockets,
which you can modify by changing
the wire.

Christiansen Radio of Laguna
Beach, Calif., tries to make life
easier for the designer by offering
a decal-like, adhesive-backed, pre-
etched circuit board, called Mini-
Mount. It is designed to mount
most ~existing electronic compo-
nents on the top surface of the
board.

The base material is a G-10 glass
epoxy, which provides good bond
strength to copper patterns. All
patterns are solder-coated for
easier soldering and to protect the
copper from oxidation.

With Mini-Mounts, you merely
decide on a tentative layout on the
ground plane, remove the backing
paper from the mounts and place
them, with light pressure, on the
ground plane. Multi-lead devices
can be soldered on the mounts
first, if desired. Interconnecting
wires and component arrays are
then soldered directly to the pads.
To remove any component, you
melt the solder at both ends and
lift off. There are no holes or
wrapped joints to contend with.
Mini-Mounts can be removed and
repositioned at will.

In line with photographic repro-
duction methods of producing
printed-circuit boards. Injector-
al Electronics in Glen Cove, N.Y.,
supplies a line of copper-clad,
sensitized boards in various sizes
that enable the first prototype to
be made quickly, with savings in
materials, time and labor when
additional boards must be repro-
duced. The company’s boards are
sprayed with photoresist: and
baked. The board is then exposed
to an ultraviolet light for a few
minutes and etched. The result is
described as “a quality, profession-
al board.”

The great advantage of this
method, according to the company’s
president, Everett Wollman, is that
if additional boards are needed,
they can be reproduced with a few
minutes exposure to light.

A word of advice is offered by
Keystone’s David on the use of
push-in and staked terminals when
pre-punched boards are used. The
push-in is preferred, he says,
where speed of assembly is im-
portant and terminal replacement
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Adhesive-backed circuit sub-elements, interconnecting materials and board
materials that eliminate the need for wire, are provided by Circuit-Stik.

impossible. However, push-ins tend
to become loose after a number of
components have been added and re-
moved, and they can’t be subjected
to severe mechanical stress. They
are a good choice, he concedes, in
the initial stages of prototyping,
where changes are frequent in the
design of compact packages.

“If a large number of component
changes is anticipated during the
design,” he says, “or some longevi-
ty is required, the turret terminal
is the best.”

Generally the larger the number
of reliable connections that can be
made at one point, the more de-
sirable the breadboarding system,
says Hill of Vector.

According to Christiansen Radio,
multiple connections to ground
make up the biggest node in a sys-
tem and potentially the largest
single source of problems. If the
circuit calls for many such ground-
ing points at the node, the bread-
board should be able to furnish it
conveniently.

How important is versatility?

To provide versatility, Christian-
sen Radio offers breadboards that
differ in pin count, heat dissipa-
tion, physical size and shape, pro-
file, cost, radiation sensitivity and
ruggedness. The breadboard sys-
tem should be able to accommo-
date all.

For prototyping, a wide range
of component types and sizes are
available that can be mixed on one

circuit board, including both dis-
crete components and ICs. Several
designs permit the mouting of any
combination of DIPs, from eight
leads up to 40 leads, while still
permitting packaging densities as
high as 49 14-lead DIPs on a card
4-1/2 by 6-1/2 inches.

Advice from several manufac-
turers: Ease of electrical testing
is a major reason for making a
breadboard. A positive feature to
look for is a breadboard with a
place to clip the scope probe on
test points.

It must be reliable

Expensive engineering hours
should not be spent tracing inter-
mittent connections or other bread-
board or prototype hardware prob-
lems.

Some companies offer drilled
holes instead of punched holes for
prototyping hardware because, as
one puts it, they are ‘“clean and
accurate with no fractured edges.”
They are also free of contaminat-
ing glass fibers, and therefore don’t
have as much tendency to absorb
moisture. Since the holes are cylin-
drical rather than partly crushed
by a punching die, the cylindrical
hole provides a rigid support for
sockets, terminals and wrapped-
wire pins.

“As a result of our quality drill-
ing, our material offers a 65% in-
crease in board strength over
ordinary punched boards,” one
company official maintains.
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breakthru

plug-in
display
modules

from Beckman

— horizontally stackable
to any length

3 digit module

Easy to use

Ready for operation

2 digit module

..DUY the numbers

In readability . . . size . . . and reliability — Beckman
Displays lead the way. Now, Beckman pioneers with a
brilliant new line of “plug-in” display modules designed
for both high and low volume applications. And, top
convenience.

Circuitry is built in. All you do is apply BCD and voltage
inputs: the modules are ready to use. They feature the
big 2” Beckman Displays that have an even centerline
spacing of 0.531”. The solid characters are visible at
angles up to 130° in bright sunlight . . . easily readable
up to 40 feet. Color? The same distinctive orange
featured in all Beckman Displays (Red is available with
filters).

The basic Beckman SM-850 Series modules include the
display, a monolithic decoder/driver and a latch. A
companion series even includes a counter. All you really

need to do is apply voltage and BCD input. And you can
get the complete 2 digit unit, without counter, for only
$19.50 per digit in single unit quantity. If you order 100
the price is only $14.25 per digit.

Beckman designed these modules to save you circuit
design headaches and assembly time. Whether you use
just a few displays or a million, you owe it to yourself
to find out more about these neat little black boxes.
Get the whole story today. Contact your local Beckman
representative or stocking distributor.

(S¥=Yeol 4ss=1a 8 INSTRUMENTS, INC.

INFORMATION DISPLAYS OPERATIONS

P. 0. Box 3579, Scottsdale, Arizona 85257. Telephone (602) 947-8371.

There's more eye appeal in Beckman Displays!

FOR THE NAME OF YOUR BECKMAN DISPLAYS DISTRIBUTOR OR REPRESENTATIVE

CALLTOLL-FREE 800-645-9200

(IN N.Y. STATE, CALL COLLECT, 516-294-0990)
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Circuit-Stik builds its boards to
last beyond the original functional
workbench tests. Its prototype
boards are similar to production
boards made from high-quality
FR4 epoxy glass material. They
have heavy gold and nickel plat-
ing on connectors, and where ad-
hesive sub-elements are used, they
offer a stronger bond strength
than is normally used in the manu-
facture of copper laminate mate-
rials.

As a result, the Circuit-Stik
breadboard or prototype can be
wave or flow-soldered and cleaned
in ultrasonic cleaning~tanks with
Freon and triclorethylene. The
company says its prototype boards
have been subjected to high alti-
tude and vibration and have been
tested for nuclear radiation hard-
ness, high and low temperatures
and a vacuum environment with
no loss in performance.

Making the next step easy

Conversion from breadboard to
prototype to production model
should be as painless and inexpen-
sive as possible.

Many breadboards can be used
as prototypes, but for those that
will be subjected to harsh environ-
mental conditions that they can’t
survive—such as heat— some com-
panies build PC boards that are
identical to the breadboards that
they sell. When the designer is
satisfied with his breadboard, a
technician can transfer the com-
ponents to the PC board in about
20 minutes, and he’s got his proto-
type.

Sometimes breadboards are
chosen for the material they are
made of—designers want them to
be as much like the prototype as
possible.

“We like glass epoxy boards
rather than paper, because glass
is closer to the thing we’re making
—flight equipment,” says Hugo
Rituceci, a senior engineer at
Grumman Aerospace in Bethpage,
N.Y. “Laying out our breadboard
as close to the final package layout
as possible gives us better per-
formance as far as straight ca-
pacity and interwiring pick-up is
concerned. We don’t want any sur-
prises when we make our final
layout.”

In the same vein, the breadboard
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should not have better power-
handling capabilities than the final
model will have. And if heat sinks
will be needed to dissipate heat in
the production model, the bread-
board model should use the same
sinks.

“Mechanical changes in a pro-
duction model to accommodate un-
expected temperature problems are
the most difficult and expensive to
accomplish,” one company says.

Augat believes that the use of
wrapped wire saves the designer
money. Even though its socket
panels cost more than typical
breadboards, the initial cost is

justified as the board is phased
into production and is capable of
weathering design changes, the
company says.

One manufacturer says: “Wire
is a very inexpensive patching ma-
terial, compared to soldering or to
use of banana plugs or special
molded pins.”

Christiansen Radio’s bid for
economy is in the use of its stick-
on Mini-Mounts. ‘“These mounts
are so cheap they make the idea
of throw-away breadboards feas-
ible—unless, of course, the com-
ponents have to be saved,” Chris-
tiansen says. mm

Need more
information?

We wish to thank the com-
panies that provided informa-
tion for this report. The prod-
ucts cited in the report have
been selected for their illustra-
tive, or in some cases, unique
qualities. However, manufac-
turers not mentioned in the re-
port may offer similar products.
Readers may wish to consult
manufacturers listed here for
further details.

A P Inc., 72 Corwin_ Dr, Painesville,
Ohio 44077. (216) 357-2101. Circle 410

Alco Electronic Products Inc., 1551 Os-
d St., North Andover, Mass. 01845.
617) 685-4371. Circle 411
Amphenol Barnes Div.,, 24 N. Lans-
downe, Lansdowne, Pa. 19050. (215)
622-1525. Circle 412
Augat Inc., 33 Perry Ave. Attleboro,
Mass. 02703. (617) 222 2202, (E. Red-
gate). Circle 413
Buckeye Stamping Co., 555 Marion Rd.,
Columbus, Ohio 43207. (614) 443 9458.
(R. E. Osborne). Circle 414
By-Buk Co., 4326 W. Pico Blvd.,, Los
Angeles, Calif. 90006. (213) 937-3511.
Circle 415
Caddell-Burns Mfg. Co., Inc., 40 E. 2nd,
Mineola, N.Y. 11501. (516) 746-2310.
Circle 416
Cambrud e Thermionic Corp., 445 Con-
ve., Cambridge, ass. 02138.
(617) 491-5400. Circle 417
Centron Engineering, 24015 Garnier St.,
Torrance, Calif. 90510. (213) 530-4410.
Circle 418
Christiansen Radio, 3034 Nestall, La-
guna Beach, Calif. 92651. (714) 497-
1506 (Allan Chrlstlansen) ircle 419
Circon Corp., 749 Ward Dr., Santa Bar-
bara, Calif. 93111 (805) 967- 0404
Circle 420
Circuit-Stik, Inc., 24015 Garnier St., Tor-
rance, Calif.  90510. (213) 530-5530.
(D. Harper). Circle 421
Circuit Structures Lab, 3200 N. San Fer-
nando, Burbank, Calif. 91504. (213)
849-634 Circle 422
D-Cemco lnc 3200 N. San Fernando,
Burbank, Calif. 91504. (213) 849-6341.
Circle 423
Di/An Controls, 944 Dorchester, Boston,
Mass. 02125. (617) 288-7700.
Circle 424

Dionics Inc., 65 Rushmore St., Westbury,
N.Y. 11590. (516) 997-7474. Circle 425

Dougtas Electronics, Inc., 718 Marina
San Leandro, Calif. 94577.

(415) 483-8770. (Nancy Cain).
Circle 426

E & L Instruments Inc, 61 First St.,
Derby, Conn. 06418. (203) 735 8774,
(Richard Vuillequez). Circle 427

Electromc Engrg. Co., 1441 E. Chestnut
Ave., Santa Ana, Calif. 92701. (714)
547-5651. (B. Fordlanl) Circle 428

El%ln Electronics Inc.,, Walnut St., Water-
ord, Pa. 16441. (814) 796-2601.
Circle 429

Fenwal Electronics, Inc., 63 Fountain,
Framingham, Mass. 01701. (617) 872-
8841. |rc|e 430

G C Electronlcs, 400 an St.
Rockford, Ill. 61101. (815) 9689661
(E. Crockett). Circle 431

Injectorall Electronics Corg 98-100 Glen
St., Glen Cove, N.Y. 11542. (516) 671-
6010. Circle 432

Instant Instrument Inc., 306 River St.,
Haverhill, Mass. 01830. (617) 373-9260.
(J. DiPrimo). Circle 433

Jonard Industries CorR., 134 Marble-
head Rd., Tuckahoe, N.Y. 10707. (914)
793-0700. Circle 434

Keystone Electronics Corp., 49 Bleeker
St., New York, N.Y. 10012. (212) 475-
4600. (R. D. David). Circle 435

LVC Industries Inc.,, 135-25 37th Ave.,
Flushing, N.Y. 11354, (212) 939-9777.

Circle 436

NES, Inc., 7N662 Rte. 53, Itasca, Il
60143. (312) 773-0370. Circle 437
PIC Design Corp., Box 335, Benrus Ctr.,
Ridgefield, Conn. 06877. (203) 438-
0345. (L. Small). Circle 438
Pico Inc., 1001 Vine St., Liverpool, N.Y.
13088. (315) 451-0680. (Robert Reece).
Circle 439

Precision Mechanisms, 44 Brooklyn Ave.,
Westbury, N.Y. 11590. (516) ED-3-5955.
Circle 440

Robinson-Nugent, 800 E. 8th St., New
Albany, Ind. 47150. (812) 945-0211.
Circle 441

Scanbe Mfg. Corp., 3445 Fletcher Ave,,
El Monte, Calif. 91731. (213) 579-2300.
Circle 442

Semitronics Corp., 265 Canal St.,, New
York, N.Y. 10013. (212) 226-5400
Circle 443
Servo Corp. of America, ,111 New South
Rd., Hicksville, N.Y. 11802. (506) 938-
9700. Circle 444
Spectrum Dynamlcs, Inc.,, 1302 West
McNab Fort Lauderdale, Fla.
33309. (305) 974-9500. Circle 445
Sterling Instruments, 55 S. Denton Ave.,
New Hyde Pk., N.Y. 11040. (516) 328-
3300. Circle 446,
Vector Electronic Co., Inc., 12460 Glad-
stone Ave., ylmar, Calif. 91342. (213)
365-9661. (F. L. Hill). Circle 447
Vero Electronics, Inc.,, 171 Bridge Rd.,
Hauppauge, N.Y. 11787. (516) 234-
0400. Circle 448
Victory Engrg. Corp.

128 Victory Rd.,
Sgringﬁeld, N.J.
5900.

07081. (201) 379:
Circle 449
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For ultra-stable 0.1% metal
films through ‘‘comp’ priced
carbon films, you’ll find just the
resistor you need from the single
source for passive components
...MEPCO/ELECTRA.

Take our metal films. We cut
across market lines with our low
cost conformally coated 1% and
2% devices for consumer
equipment; our high
performance 0.1% industrial
and commercial product; our
conformally coated, molded or
hermetically sealed standard
military and professional parts
(EDP, Communications,
Instrumentation); our “‘top-
of-the-line”" ER resistors to
MIL-R-39017 and 55182.

Or take our carbon films. We
call them the “‘comp killers”
because our price/performance
ratio can’t be matched. You get
all the precision of film resistors,
priced to knock the “‘comp” out
Plant Locations:

(Toke oursl )

every time. Our resistance range
is 20 through 20 M.Q},
tolerances to 1% in all the most
wanted wattage styles.

Our thick film Cermets are
unique in the industry, offering
the best resistance per unit of
volume in its class. These high
ohm devices are available from
100K(2 to 50 Meg() with
tolerances of 1%, 2% and 5%.

For hybrid and microwave
applications, we offer our
minature, leadless rod resistors
in thick or thin film, sized to
meet the tightest hybrid module
application.

Doesn’t it make sense to talk
to the company with the most
to offer in product, experience
and expertise? Talk to the Man
From Mepco/Electra about all
your resistor needs. Call or write
Mepco/Electra Inc., Morristown,
New Jersey 07960. (201) 539-2000.

MEPCO/ELECTRA, INC.
4 NORTH AMERICAN PHILIPS | norans

Sold through

North American Philips
Electronic Component
Corporation

Morristown, New Jersey; San Diego, California; Mineral Wells, Texas; Canandaigua, New York; Oakland, California.




IC specs available in ‘seconds’
with automatic microfilm system

An automatic microfilm infor-
mation-retrievel system to help
designers find IC data is said to
“do in seconds what it used to
take hours, days and even weeks
to do before.”

The system, made by Informa-
tion Handling Services, Englewood,
Colo., slashes the time required to
look up data in manufacturers’
catalogs. With the constant intro-
duction of new integrated circuits
—and the problems that arise with
last-minute design changes if the
ICs aren’t available—engineers
need all the help they can get, says
Don Van Dyken, product manager
for the new Integrated Circuit
Parameter Retrieval System.

Specs in seconds

When the system is used in
conjunction with the company’s
Visual Search Microfilm service,
Van Dyken says, the designer can
move from his need for an IC cir-
cuit function—such as a flip-flop,
memory or op amp—to the manu-
facturer’s data sheet in one simple,
fast operation. The complete se-
quence can take less than a minute,
he reports.

An engineer can locate a par-
ticular IC by any one of three

-

IC Parameter Retrieval System re-
duces the time engineers need to
get data sheets.

methods: by functional descrip-
tion, such as op amp or memory;
by popular industry number, such
as 1103 memory or 741 op amp;
or by manufacturer’s number, such
as NST741 or uA709.

Once the device is located, the
designer receives basic informa-
tion that includes a description

of the function performed by the
IC, the technology used to produce
it, the type of package it comes
in, its temperature operating
range, type number, original cir-
cuit number, supplier or source
and where the manufacturer’s
data sheet can be found in the
microfilm library. If a hard copy
of the data sheet is required, the
engineer merely pushes a button
on a microfilm viewer, and the
sheet is produced on the spot.

Van Dyken says that other sys-
tems give information either in
tabular form, without data sheets,
or classify ICs only by broad cate-
gories. The new system is timely,
he continues, because with current
paper shortages, some manufactur-
ers are being forced to reduce their
distribution of data sheets.

The cost of the IC information
service starts at $1440 for an 8-
mm system, which can be placed
on one corner of the designer’s
desk. The system does not include
data-sheet reprint capability. For
that, the 16-mm system is neces-
sary, and it costs $3000. Micro-
films can be updated three times
a year.

The system will be available for
shipment in June, the company
says. mm

festirrL
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Sample output of the system lists ICs by circuit function.
The output also indicates the technology and packaging
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INTERFACE CIRCJILTS LISTED BY FUNCTION
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used, temperature range, name of the supplier and
where the manufacturer's data sheet can be found.
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NOW AVAILABLE IN THE US.A—

FUTABA sy ewor

With over 35 years of electronics experi-
ence, FUTABA is well known for high
quality, reliable fluorescent readouts and
compact, attractive keyboards. Widely used
by most major electronic calculator manu-
facturers in Japan and other countries,
these items are now available for the first
time in the U.S.A. in quantity. FUTABA

Fﬁ guarantees prompt delivery!
NG

® For additional information, please contact:

FLUORESCENT READOUTS
# CT, CR Series for Hand Calculators
...... Available in 6, 8 and 9 digits with or without
symbol.
FEATURES:
® Compact.
@ Bright blue/green.
® Easy to read.
® L ow voltage, low power.
® Direct LSI drive.

#MT, MR Series for Desk-top Calculators

...... Available in 8, 10, 12, 14, and,16 digits.
FEATURES:
® Plug-in type flat package.
® Easy to read blue/green readouts (0.3" high).
® | ow voltage, low power.

KEYBOARDS

M-2B: Individual mechanical switch, plug-in mounting.
M-3: Same as M-2B, but smaller.

FX, SD Series: Thin keyboards for hand calculators.

Standard keyboard switches and key tops available from
FUTABA stock for instant keyboard layout on your
mounting plate.

OTHER FUTABA PRODUCTS:

® Press die sets.

® Mold bases for plastics.

® Material feeders for press work.

® Automatic stopping devices for automatic machinery.
® Radio control for. hobby aircraft, race cars, etc.

“FUTABA—THE BRIGHT PRODUCER”

Furasa Inpustries U.S.A. Furaa ELectroNiC INDUSTRIES LIMITED
630 West Carob Street, Compton, California 90220, U.S.A. Super Bldg., 1-11-5, Sotokanda, Chiyoda-ku, Tokyo, Japan. Phone: 255-5881
Phone: (213) 537-9610 Telex: 69-1227 Telex: J26532
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Impulse-bonded wiring

allows fast PC

A new method of impulse-bond-
ed wiring is reported to reduce
circuit-board fabrication costs sub-
stantially, permits rapid changes of
wiring patterns during develop-
ment and replaces multilayer
boards—up to seven layers—with
a two-sided PC board.

The bonding technique is auto-
mated. A tape-controlled machine
routes the wires to the bonding
points and produces accurate inter-
connection patterns in small areas.

Developed .by the Bendix Navi-
gation and Control Div., Teterboro,
N.J.,, the concept was intended
originally to solve circuit-board
wiring problems that arose during
the development of an all-weather
landing system for the McDonnell
Douglas DC-10 jetliner.

“During the DC-10 system de-
velopment,” says John Sobieski,
manufacturing = superintendent at
Bendix, “we originally used multi-
layer boards. But to make develop-
mental wiring changes required
that the boards be drilled out
where we didn’t want circuitry be-
tween the layers. As a result, we
wound up with a lot of expensive
scrap and were also delayed in our
development program.”

To solve the problem, Bendix in-
vestigated conventional impulse-
bonding wiring, because with this
technique, changes can be made by
rerouting wires along the surface
of the board. However, that ap-

Impulse-bonding system developed
by Bendix uses Teflon-coated, nickel
wire for PC board interconnections,

S

changes

proach was not satisfactory, for
a number of reasons.

One reason was cost. With the
usual method of impulse-bonding,
holes are drilled in the -circuit
board, and stainless steel studs are
inserted on the rear of the board.
All bonding is done to these studs.
With that approach a typical
board costs about $65, Sobieski
says. ~

“With our approach,” he con-
tinues, “we’ve reduced the cost
more than one-third- by doing the
bonding on the top, or component,
side.”

Bonding on the front side is ad-
vantageous because the board can
be fabricated with standard meth-
ods of automatic component inser-
tion and flow-soldering. The rear
is left free for fault-isolation test-
ing.

Also, with the top-side approach
under numerical control, Sobieski
points out, the wire can be routed
between the ICs in a fairly uniform
pattern on X and Y coordinates.
From nine basic coordinate pat-
terns, 80 to 90 different circuit
boards can be developed, he says.

Standard PC boards are used

“We're the only ones using a
standard PC board for impulsed-
bonded wiring,” Sobieski says.
“Our system is basically a two-
sided printed-circuit board with
plated-through holes.”

Bendix developed the bonding
material—Teflon-coated nickel wire
—and also modified conventional
impulse-bonding equipment to ob-
tain the performance required. An
average of 50 feet of Teflon-coated
nickel wiring is used to make some
500 bonds per board.

Two pressures are involved in
making a bond. An initial pressure
of about 9.5 pounds is applied to
the nickel wiring to penetrate the
Teflon coating and make the con-
tact between the bonding electrode
and the conductive PC pattern.

Wiring changes can be effected
in 48 hours in contrast to several
weeks for the multilayer boards,
Sobieski says. mm

Your closest SIGNETICS distributor is...

ARIZONA

Phoenix: Hamilton/Avnet Electronics (602) 275-7851
Phoenix: Kierulff Electronics (602) 273-7331
CALIFORNIA

Culver City: Hamilton Electro Sales (213) 870-7171

El Segundo: Liberty Electronics (213) 322 3100

Los Angeles: Kierulff Electronics (213) 685-9525
Mountain View: Hamilton/Avnet lectronlcs (415) 961-7000
Palo Alto: Kierulff Electronics (415)

San Diego: Cramer Electronics (714) 565~

San Diego: Hamilton/Avnet Electronics (714) 279 2421
San Diego: Kierulff Electronics (714) 27

Sunnyvale: Cramer Electronics (408) 739 3011
CANADA

Downsview: Cesco Electronics (416) 661-0220
Downsview: Cramer Electronics (41 6) 66!-9222
Montreal: Cesco Electronics (514) 73

Montreal: Hamilton/Avnet Elaclmmcs (51() 735-6393
Ottawa: Cesco Flectronics (613) 729.

Ottawa: Hamilton/Avnet Electronics (613) 725-3071
Quebec: Cesco Electronics (418) 524-.

Vancouver: Bowtek Electric Co. Ltd. (604) 736-7677
COLORADO

Denver: Cramer Electronics (303) 758-2100

Denver: Hamilton/Avnet Electronics (303) 534-1212
CONNECTICUT

Hamden: Arrow Electronics (203) 248-3801
Georgetown: Hamilton/Avnet Electronics (203) 762-0361
North Haven: Cramer Electronics (203) 239-5641
FLORIDA

Hollywood: Hamilton/Avnet Electronics (305) 925-5401
Hollywood: Schweber Electronics (305) 927-0511
Orlando: Hammond Electronics (305) 241-6601
GEORGIA

Atlanta: Schweber Electronics (404) 449- 9170
Norcross: Hamilton/Avnet Electronics (404) 448-0800
ILLINOIS

Elk Grove: Schweber Electronics $312) 593-2740
Elmhurst: Semiconductor Specialists (312) 279-1000
Schiller Park: Hamilton/Avnet Electronics (312) 678-6310
INDIANA

(317) 243-8271
KANSAS
Lenexa: Hamilton/Avnet Electronics (913) 888-8900
MARYLAND
Hanover: Hamilton/Avnet Electronics (301) 796-5000
Rockville: Pioneer Washington Electronics (301) 424-3300
Rockville: Schweber Electronics (301) 881-2970
MASSACHUSETTS

Hamilton/Avnet (517) 273-2120
Newton: Cramer Electronics (617) 969-7700
Waltham: Schweber Electronics (617) 890-8484
MICHIGAN
Detroit: Semiconductor Specialists, Inc. 313) 255-0300
Livonia: Hamilton/Avnet Electronics (313) 522-4700
Troy: Schweber Electronics (313) 583-9242
MINNESOTA
Edlna Hamilton/Avnet Electronics (512) 941 3801

12) 854-8844

MISSOURI

Hazelwood: Hamilton/Avnet Electronics (314) 731-1144
NEW MEXICO

querque: Hamilton/Avnet E (505) 765-1500
NEW YORK

Buffalo: Summit Distributors (716) 884-3450
Farmingdale, L.1.: Arrow Electronics (51 6% 694-6800
Rochesler SchweberAElac:ronlcs (716) 328-4180

vne! ;437 -2642
Westbury: Hamilton/Avnet Electronics (516) 333-5800
Westbury: Schweber Electronics (516) 334-7474
NORTHERN NEW JERSEY
Cedar Grove: Hamilton/Avnet Electronics (201) 239-0800
Saddlebrook: Arrow Electronics (201) 797-5800
SOUTHERN NEW JERSEY AND PENNSYLVANIA
Cherry Hill, N.J.: Milgray-Delaware Valley (609) 424 1300
Moorestown: Arrow/Angus Electronics (609
Mt. Laurel, N.J.: Hamilton/Avnet Electronics (609) 234-2133
CENTRAL NEW JERSEY AND PENNSYLVANIA 4
Somerset, N.J.: Schweber Electronics (201) 469-6008
NORTH CAROLINA
Greensboro: Hammond Electronics (919) 275-6391
OHIO

Beechwood: Schweber Electronics (216) 464-2970
Dayton: Hamllton/Avnet Electronics (513) 433-0610
Cleveland: Arrow Electronics (216) 464-2000

Cleveland: Pioneer Standard Electronics (216) 587-3600
Kettering: Arrow Electronics (513) 253-9176

TEXAS

Dallas: Cramer Electronics (214) 350-1355

Dallas: Hamilton/Avnet Electronics (214) 661-8661
Houston: Component Specialties (713) 771-7237
Houston: Hamilton/Avnet Electronics (713) 526-4661
UTAH

Salt Lake City: Alta Electronics g01) 486-7227

Salt Lake City: Hamilton/Avnet Electronics (801) 262-8451
WASHINGTON

Bellevue: Hamilton/Avnet Electronics (206) 746-8750
Seattle: Cramer Electronics (206) 762-5722
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JAN ICS: NO WAIT. GREAL

We're organized to make life easy for JAN buyers and users.

Zing our distributors for Signetics JAN, and you'll be
inundated with delivery vans—just about everything
makable in 5400/54H, for instance. Demand really huge
lots, and our special MILrel operation at the factory will
trigger into action to amaze you with the best delivery in the
industry. When your RFQ’s and orders come in, they're

snatched up by MiLrel Marketing. RFQ’s are immediately
answered. Orders are immediately processed and shipped.

M

SIGNETICS SIGNETICS MiLrel

Where other suppliers jellybean JAN IC’s among
their commercial/industrial production, we give
MiLrel its own assembly and QA/QC organization
within the factory. Your bonus is special attention
to your order. And, when you call MiLrel for a
progress report, the person you talk to can finger
the status right now. And keep his promises.

“Mill Run” Government source inspection lets
MiLrel build in quantity for stock and helps get more
parts into your equipment sooner. This newest form of

CLIP COUPON TO LETTERHEAD FOR FAST SERVICE

GSI provides in-process inspection rather than lot by Signetics MiLrel
lot inspection. Means we have continuous-run capabil- P.0.Box3004-12
ity. Means you have better quality assurance, because Mapio Ferk, CallionviaSiuns
only a dedicated production line with super-good So JAN IC’s are really big at MiLrel? Okay, send me your
procedures and control can be allowed Mill Run GSI. JAN IC reference, including total product lists, and I'll see if it’s
We got it, and we’re the first to, in the IC business. ' as helpful as you say. My address you can get from the

More firsts. First to offer the widest line in 5400/ ababuRigmecd;

54H in the industry, so you’ll have more freedom of
choice. First to provide a definitive JAN IC reference
(see coupon) that unscrambles the JAN/MIL/Hi-Rel
mishmash of specs, certs, and terms. Get this book.
It’s invaluable.

Wrap it all up and it spells service in JAN IC’s to
you. Instant availability, wide product breadth, Mill Run
GSl for faster production and deliveries, integral
MiLrel organization where you get the priority, first .
qualification on QPL slash sheets, and great product
support.

Call your distributor now, for now-type needs.

JANIG hendbooK anywhere, - oo SiljNDLCS mElrel
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One 18 GHz box

does it all! FM,
pulsed RE CW

S-day dehvery

Why pay for CW only? Systron-Donner’s
Model 6057 frequency counter measures virtually
any microwave signal from 20 Hz to 18 GHz with
1 Hz resolution. CW and AM measurements are
fully automatic; FM and pulse modulated car-
riers use a simple 3-step operation to get direct
answers.

The 6057 is priced at $5,450, which is just
about what you'd expect to pay for comparable
instruments without FM and pulsed RF capabil-
ity. However, S-D gives you a choice. If its CW
only you need to measure, then choose our
Model 6016 at $4,575, or for only $3,695 you get
VipEo GAIN . | a Model 6092 manual T.O. measuring system.

VFO TUNING

For details, a demo or 5-day delivery, call your
Scientific Devices office (listed below). Or call collect
S-D’s Quick Reaction Line (415)-682-6471.

In Europe: Systron-Donner — Munich, W. Germany;
Leamington Spa, U.K.; Paris (Le Port Marly) France.
In Australia: Systron-Donner — Melbourne.

SYSTRON @DONNER

Albuquerque, (505) 268-6729; Baltimore, (301) 788-6611; Boston, (617) 894-5637; Burlington, NC (919) 228-6279; Chicago, (312) 297-5240; Cleveland, (216) 261-2000; Denver, (303)
573-9466; Dayton, (513) 298-9904; Dallas, (214) 231-8106; Detroit, (313) 363-2282; Ft. Lauderdale, (305) 721-4260; Hamden CT (203) 248-9361; Huntsville, AL (205) 536-1969; Houston,
(713) 623-4250; Indianapolis, (317) 783-2111; Kansas City, KS (913) 631-3818; Los Angeles, (213) 641-4800; Minneapolis, (612) 544-1616; New York City area (201) 871-3916;
Norfolk, (703) 499-8133; Orlando, (305) 424-7932; Philadelphia, (215) 825-9515; Phoenix, (602) 834-1682; Rochester, NY (716) 334-2445; San Antonio, (512) 694-6251; San
Diego, (714) 249-6642; San Francisco area (415) 964-4230; Seattle, (206) 454-0900; St. Louis, (314) 731-2332; Syracuse, (315) 457-7420; Washington, DC area (703) 451-6500.
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GAO scores Navy ASW sensor development

The General Accounting Office says the Navy erred in pushing the de-
velopment of three aircraft antisubmarine warfare sensor systems even
though testing indicated that there were problems with the systems. In
one case an integrated magnetic airborne system that detects submarines
by the change in the earth’s magnetic field ‘“will not satisfy its minimum
performance requirements’” until a new advanced processor is installed
in several years, the GAO notes.

The agency also says that Congress might want to question whether
the Defense Dept. is “putting appropriate emphasis on development of
needed sensor capabilities,” compared with the push it is putting on the
production of new antisubmarine warfare aircraft. The Navy says it, too,
is concerned about sensor development and is striving to meet the problem.

Army developing laser guidance for common projectiles

The Army is marrying some of its newest technology to some of its old-
est, putting laser guidance on cannon-launched projectiles. The objective
is to hit targets, such as tanks and armored personnel earriers, with the
first round of fire before they can move to cover. At present the Army
uses area-fire techniques or precision-fire methods, but is reported to get
only marginal results. With the new weapon, a forward observer will
illuminate the target with a narrow-beam laser when the projectile is
approximately 10 seconds from the target. The projectile then homes in
on ‘the reflected laser energy. Two contractors are developing projectile
models for competitive test-firing.

AWACS: A change in role and a new threat

Sen. Thomas Eagleton (D-Mo.) is mounting a new drive to keep the
Air Force from putting the Airborne Warning and Control System
(AWACS) aircraft into production as scheduled in fiscal 1975. General
Accounting Office representatives have told the Senate Armed Services
Committee that they have serious reservations about the program, par-
ticularly since Defense Secretary James Schlesinger has decided to use
the huge aircraft for controlling tactical air operations rather than for
detection and defense against Soviet bombers, for which it was originally
intended. GAO says the tactical role will require considerable upgrading
of the data-processing and communication capability of the system and
will increase the unit price from $56.8-million to $73-million.
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Eagleton also cites the GAO’s conclusions that the aircraft may" be
extremely vulnerable in a hostile air theater, being subject both to
enemy air action and to electronic countermeasures that might impair or
black out its look-down radar system. The agency has recommended that
the system be tested against the full spectrum of state-of-the-art elec-
tronic countermeasures to determine whether known counter-counter-
measures are effective. The Air Force is asking $549.8-million for the
first 12 planes plus another $220-million for continued research and de-
velopment in fiscal 1975.

Nadar group challenges Government patent policy

Ralph Nader’s Public Citizen, Inc., has sued in U.S. District Court for
the District of Columbia in an effort to keep contractors from getting
exclusive rights to any inventions they develop under Government R&D
contracts. The suit is aimed at halting a new General Services Admini-
stration regulation that allows the granting of patents to such contrac-
tors. If the court rules for Public Citizen, it would affect aerospace and
other military contracts. The National Aeronautics and Space Administra-
tion, however, would be unaffected; it has authority from Congress to
waive rights to ownership and can grant exclusive rights to contractors.

FAA presses discrete-address beacon plans

The Federal Aviation Administration has begun briefing industry on
the new discrete-address beacon system it wants developed to improve
aircraft control in the next decade. The system, with ground sensors and
airborne transponders, will make it possible for air-traffic controllers on
the ground to interrogate and get a reply from one aircraft at a time
instead of all in the zone of coverage. The FAA hopes thereby to elimi-
nate problems of ‘“synchronous garble,” caused by the overlapping re-
sponses of several aircraft flying in close proximity. The agency says it
will procure three engineering models of the system and a number of
aircraft transponders.

Capital Capsules: The Atomic Energy Commission’s program to make electricity from
thermonuclear fusion has been stretched out three years, making the new
target date the late 1990s. The Office of Management and Budget has
ordered the AEC to trim $140-million in the fusion research budget over
the next five years, which will delay the program. . . . RCA has signed
an agreement with the Alaska Pipeline Service Co. for two communica-
tions systems to support the Alaska pipeline. The first will be a $7-million
interim system to be used during construction of the pipeline, the other
a $23-million system to be ready when the pipeline goes into operation in
1977. . . . The Air Force’s Home Air Development Center is asking indus-
try to submit its small-area radars for evaluation as possible sensors for
protecting parked aircraft. The radar must be able to detect intruders
weighing 75 pounds or more. . . . The Commerce Dept. and the State Dept.
are considering negotiating an agreement with the Soviet Union that would
protect U.S. patents prior to 1965. They are now unprotected. A number of
U.S. technology companies, interested in trade with the Soviet, have ask-
ed for the agreement. . .. The Senate has passed a bill to establish an Office
of Federal Procurement Policy. It would establish uniform Government
policies and regulations. . .. The FAA plans to develop a prototype model of
a new phased-array antenna to upgrade present instrument landing sys-
tems at the nation’s airports.
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1000 cm/usec stored writing speed,
four storage modes, and more.

100 MHz oscilloscope

Tektronix 7633 oscilloscope gives you

100 MHz bandwidth and 1000 cm/usec
stored writing speed. So you can retain and
view fast rise, low repetition rate, single shot
or slow moving waveforms. All with one
instrument. This allows you to solve prob-
lems in computer sciences, aerospace,
ballistics, communications and various other
applications.

Multi-mode storage

The 7633 offers four operating modes: Non-
store, normal and fast Variable Persistence
and Bistable modes are available at the
touch of a button. And, an 8 x 10 div.

(.45 cm/div.) mode gives the instrument’s
top writing speed.

Bright, burn-resistant CRT

No special operating safeguards are
necessary with the 7633's rugged, burn
resistant CRT. This makes it a dependable
unit for design bench, hospital laboratory,
service facility or classroom. The large 8 x10
div. CRT is easy to read in both cabinet and
rackmount configurations. An alphanumeric
readout, exclusive on Tektronix instru-
ments, makes quick on-screen reference
and easy interpretation of photographic
records. Or, the instrument may be ordered
without the readout for $400 less.

Part of the 7000 Series

Select from thirty different 7000 Series
plug-ins. You can custom tailor your instru-
ment to meet your immediate need. And
expand its capabilities later as the need
arises. A 7633 mainframe costs $3650. A
typical configuration with dual trace vertical
amplifier and delaying sweep timebase sells
for $5,550. For rackmount add $100.
Specifications

Vertical System—Accepts all 7000 Series
vertical amplifiers. Bandwidth determined
by mainframe plug-in unit up to 100 MHz.
Left, Alternate, Add, Chop, Right display

INFORMATION RETRIEVAL NUMBER 24
FOR DEMONSTRATION, CIRCLE 248

modes. Chopped rate approximately 1 MHz.
Horizontal System—Compatible with all
7000 Series plug-ins. Fastest calibrated
sweep rate is 5 ns/div. Phase shift between
vertical and horizontal is 2°, DC to

35 kHz for X-Y operation.

CRT and Display—Internal 8 x 10 div.

(.9 cm/div) graticule with superimposed
8x10 div. (.45 cm/div) reduced scan area.
Nonstore, variable persistence, and bistable
in normal or fast and full or reduced scan
storage modes push-button selected.
Writing Speed and View Times—From .03
div/usec until erased up to 2222 div/usec
at 30 sec view time. View time may be
increased more than 30 times by using
reduced intensity in the SAVE

display mode.

See for yourself

For a ""hands-on'' demonstration, contact
your nearby Tektronix Field Engineer.

Or write: Tektronix, Inc., P.O. Box 500,
Beaverton, Oregon 97005. In Europe write:
Tektronix Ltd., P.O. Box 36, St. Peter Port,
Guernsey, C. 1., U.K.

TEKTRONIX
- committed to

technical excellence

gk =
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Centralab

DErepecuves

Now users of discrete capacitors are in
the chips: Here’s how we made it happen.

USCC/Centralab’s
evolution in productivity
changed high-rel ceramic
chip capacitors into
economically realistic
components for industry —
including Detroit.

In 1966, U.S. Capacitor Corpora-
tion was a leading producer and
innovator in the field of high-rel
capacitors. We were capable of
140,000 chip starts a month. They
were of highest quality for use on
Apollo astronauts’ portable life
support systems.

USCC, a division of Centralab,
is now the world’s largest producer
of chip capacitors. Today our au-
tomated production machinery
and improved techniques allow us
to start TWENTY TWO MIL-
LION chips per month. But per-
haps of even greater importance
the yield of finished ceramic chips
is of such high quality that they
are now price competitive in an
increasing number of commercial
and industrial applications.

One system which USCC/Cen-
tralab engineers developed was
converting the dielectric casting
process from a manual operation
to a machine-fed casting process.
This new equipment is so effective
that production rates increased 10
fold, while virtually eliminating
material defects. In short—talent
in production engineering.

Our new equipment allows us
to produce chips for auto radios

One of USCC's newest pieces of equipment which combines
several operations previously done manually.

on the same production line as
our high-rel units with no con-
flict between quality and fast de-
livery at reasonable prices. Our
Detroit customer is now process-
ing 25,000 auto radio circuits per
day. We can keep him in the chips
at the rate of 25,000 per hour.

Auto radios are only a small
portion; ignition and fuel flow
systems and voltage regulators
are some of the new applications
for an ever growing and demand-
ing marketplace.

The same techniques that in-
creased productivity also guaran-
teed utmost reliability so that

INFORMATION RETRIEVAL NUMBER 25

chip capacitors have evolved into
a commercially practical product.
If you’re in the automotive busi-
ness, the electronic OEM, if you

- make business machines or com-

munications equipment, remem-
ber USCC/Centralab, the world’s
largest producer of reliable com-
mercial ceramic chip capacitors.

Our engineering talent is avail-
able to help with your applica-
tions. Call John Vincentat USCC/
Centralab (213) 843-3822.

88§ uscc/Centralab &)

Electronics Division » Globe-Union, Inc

2151 North Lincoln Street = Burbank, California 91504



Centralab
pErspect:ves

Pushhutton
Ime switch.

Mounts in any
station.

With Centralab pushbutton
switches you can have a line
switch that’s the same size as
a standard six pole module
and is interchangeable with
other modules in an assembly.
For push-ON, push-OFF op-
eration . . . rated 5 amp/125
VAC (CSA).

Other pushbutton switch
features include:

e 10, 12.5, 15, 17.5 and 20 mm
spacing options.

e Epoxy sealed terminals.

¢ Interlock/lockout variations.

e 25 button styles and 18 colors.

Write Centralab for
Bulletin 1550.

*Isostat licensed
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‘54 t,x
Model 1 || [

Vemcal)

Model 8 Model 9
(Horizontal)

—

Model 6

Actual size ,

Miniature pots
at a mini-price.

Centralab gives you more to
choose from in miniature
potentiometers. Take the 14
watt, 45/64”dia. Model 9 for
example. Typical pricing, in
production quantities of 1000,
is 34¢. That’s economy be-
cause you also get:

e Rotational life in excess of

25,000 cycles.

e Choice of mountings — per-
pendicular or parallel plug-in.

e Resistance Range—100 ohms
to 10 megohms.

e Adjustability — Knob edge or
screwdriver slot.

e Tolerance — + 20%

For quantities under 250 contact your

local Centralab Distributor.

Three other miniature po-
tentiometers in the Centralab
line of standard controls are:
e Model 1 — 5” dia. ¥5 watt

(Available with switch)

e Model 6 — 2" dia. 1/10 watt

(Available with switch)

e Model 8 — 9/32” dia. 1/10
watt

Get complete specifica-
tions on all four. Write
Centralab for Bulletin No.
EP2184.

Progyg, oaty

Minyy
Tupe
Porg Mog“
Mo, ?
ETeR

"%
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Two thick film

hybrid systems.
PEC and MEC.

Centralab offers the flexibil-
ity to design and fabricate
thick film modules to fit vir-
tually any application and
cost parameter.

Low-cost silver/carbon or <PEC>
systems for consumer applica-
tions:

* Resistor Range......... 10 ohms to 10 megohms
* Resistor Tolerance. .-+10% preferred minimum
* Ratio Matching............... +5% minimum
« Capacitor Types.......... Ceramic and tantalum
« Active Devices. ... .... Diodes, transistors & IC's

« Operating Temp. Range.... —55° C to +85° C

Noble metal/cermet or MEC
systems for commercial and in-
dustrial uses:

* Resistor Range. ......... 3 ohms to 3 megohms
* Resistor Tolerance............=+.5% minimum
* Ratio Matching............... +1% minimum
« Capacitor Types.......... Ceramic and tantalum
« Active Devices. ...... Diodes, transistors & IC's

« Operating Temp. Range... —55° C to +150°C

For Bulletin 1429H write
A.R.Wartchow, Manager,
Electroceramic Marketing.
Outside U.S.A. contact
J.H.Meunier, Manager,
International Sales.
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Reliability is '756 little dents
and one big one.




The big squeeze.

The heelpiece and frame
are the backbone of our Class H

relay. The slightest squiggle or shimmy out of
either and the whole relay is out of whack.

756 tiny dents on the heelpiece, plus one big one
on the frame, make sure this’ll never happen.

They’re the result of planishing, a big squeeze.
Planishing is an extra step we go through in form-
ing the pieces to add strength and stability by re-
lieving surface strain. It also makes the parts extra
flat.

This takes the biggest press in the industry and
the biggest squeeze. Both exclusively ours.

A different kind of coil.

The heart of a relay is the coil. If ours looks
different, it’s because we build it around a glass-
filled nylon bobbin. It costs us more, but you know
how most plastic tends to chip and crack.

Also, moisture and humidity have no effect on
glass-filled nylon. No effect means no malfunctions
for you to worry about. No current leakage, either.

The coil is wound on the bobbin automatically.
No chance of human error here.

Springs and other things.

We don’t take any chances with our contact
assembly, either. Our contact springs
are phosphor-bronze.
Others use nickel-silver.
Our lab gave this stuff a
thorough check, but
found nickel-silver too
prone to stress-corrosion.
Atmospheric conditions
which cause tarnish and
ultimately stress corrosion have
almost no effect on phosphor-bronze.

Even things like the pileup insulators
(those little black rectangles) get special
attention. We precision mold them.

Other manufacturers just punch them out.

It makes a lot of difference. They’re stronger, for
one thing; and because they’re molded, there’s no
chance of the insulators absorbing even a droplet
of harmful moisture. Finally, they’ll withstand the
high temperatures that knock out punched
insulators.

Two are better than one.

Our next step was to make sure our contacts give
a completed circuit every time. So we bifurcate both
the make and break springs.

Each contact works independently to give you a
completed circuit every time. Contact material is
pure palladium with a
gold overlay because
no alloy works as
well.

Edge-tinned
contact springs
save you the
job of solder
tinning them
later. Also, edge-tinning
enables you to safely use
the same relay with sockets or
mounted directly to a printed
circuit board. A simple thing, but it takes a big
chunk out of the inventory you have to stock.

Finally, superior protection.

Out of the dozens of plastics to choose from for
our dust cover, we picked a durable polycarbonate.
The same material used for plastic windshields and
special vehicle bodies. It’s strong, resists high tem-
peratures, and is unaffected by most cleaning sol-
vents.

Then, for extra safety, we put a disposable cap
over the cover’s open end.
This seals out dirt and dust
while preventing damage to
the terminals during ship-
ping and handling.

Etc. Etc. Etc.

There’s a lot more to tell
about what makes our Class
H relay reliable. Now we’re
waiting to hear from you.
GTE Automatic Electric,
Industrial Sales Division, Northlake,
Illinois 60164.

AUTOMATIC ELECTRIC
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DURABILITY

oMl DURABILITY

OMMWSI  AND RELIABILITY
N

ENGINEERING DESIGN

by Gilbert Kivenson

A unique combination of materials science, reliability, and design.
Examines crucial concepts of material strength, service lon-
gevity, and reliability and describes the fundamentals of break-
down analysis. Covers new materials, design techniques and
fabricating methods. 200 pp., #5851-9, cloth, $9.95.

PRACTICAL
RELAY CIRCUITS

by Frank J. Oliver

Logically groups relay circuits according to the functions they
perform, to help you quickly select the best circuit for your pur-
poses. Covers the whole gamut of relay circuits and is illustrated
with many circuit diagrams. 363 pp., #5802-0, cloth, $14.95.

PRACTICAL
DESIGN

B 1  PRACTICAL DESIGN
MM FOR ELECTROMAGNETIC
COMPATABILITY

Edited by Rocco F. Ficchi

A convenient manual giving electronic designers techniques for
analyzing, predicting, controlling, and reducing unwanted sig-
nals. Gives advantages and disadvantages of latest methods for
reduction and control. Provides ways of selecting equipment for
interference reduction. 272 pp., #5685-0, cloth, $13.95.
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5 books that should be
in your personal library...
order now for 15-day
free examination!

PRACTICAL
VALUE
ANALYSIS METHODS

By John H. Fasal

An applications-oriented guide offering a working knowledge of
the latest methods and techniques in value engineering and
value analysis. Provides ways of evaluating and supplementing
the internal cost reduction techniques that enable a company
to keep pace with competition. 272 pp., #5845-4, cloth, $11.95.

ELECTRICAL/
ELECTRONIC
CHECKLISTS

Written and edited by W. B. Rossnagel

Assurance

Volume 2
FLECTRICAL

AND
EHECTRONICS

Ve 6, ROGENAGEL

Twenty-two detailed checklists on subjects including cables and
connectors, communication radios, multi-coders, GSE/AGE/
TSE, EMI/RFI, lasers, radar, systems, transmitters and trans-
ponders, as well as other subjects. 172 pp., #9181, cloth, $14.00.

HAYDEN BOOK COMPANY, INC.
50 Essex St., Rochelle Park, N.J. 07662

Please send the book(s) checked on 15-day free examination. At the
end of that time, | will remit payment plus postage, or return the
book(s) with no further obligation.

[J 5851-9  [J 5802-0 [ 5685-0
$10.00 minimum for free exam orders.
Because of higher billing and collection costs, we must ask for pay-
ment in full with any order for less than $10.00. Books will be
shipped postpaid. Same 15-day return privilege for full refund if
| not satisfied.

Save Money! On all prepaid orders Hayden pays postage — same
return privilege.

[J 5845-4 7 9181

Name

Firm

Address

{ City/State Zip
ISBN Prefix 0-8104
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Electronic Design, The Financial Times (London)
Electronics Weekly (London) and BOAC
announce the sponsoring of

“TOMORROW IN WORLD ELECTRONICS”

a major international conference to coincide
with the International Instruments, Elec-
tronics and Automation Exhibition (IEA).

GROSVENOR HOUSE, LONDON — MAY 14-15, 1974

This conference, to be addressed by a panel of the electronics commu-
nity’s most distinguished members, will consider current and future
technological developments in the world, and assess the challenges they
pose for management, marketing and financial functions in the interna:

tional electronics industry.

Day One - May 14

Chairman: Dr. C. Lester Hogan Prospects for
President, Fairchild Camera and Semiconductors
Instrument Corporation

Mr. Earl Wantland Prospects for
President, Tektronix, Inc. Electronic Instruments
Mr. Edward Fennessy, CBE Prospects for
Managing Director Telecommunications

Post Office Telecommunications

Mr. Sebastian de Ferranti Electronics
Chairman and Managing Director  in the 1980’s
Ferranti Ltd.

Speaker to be announced The International
Military Market for
the Electronics Industry

Dr. leuan Maddock, CB, OBE The Commercial
Chief Scientist Exploitation of
Department of Trade and Industry Electronics Research
Mr. David Price, MP Government Polices
Chairman, The Parliamentary for Electronics
Committee for Technology (Luncheon Speaker)
Speaker to be announced from The Growth Potential
Commission of the of Electronics in the
European Communities European Community
Mr. Gordon Haley Future Computer
Manager, Systems Technology Technology

ICL Computer Development Div.

Day Two - May 15

Chairman: M. R. J. Clayton, CBE
Technical Director
The General Electric Company Ltd.

Dr. J. Fred Bucy, Jr. Vertical Integration:
Executive Vice President Components to Systems
Texas Instruments Inc.
Mr. J. C. Akerman Performance and
Managing Director Prospects in the World's
Mullard Limited Electronics Industries
Dr. Robert Heikes The Role of an
Managing Director American Multi
Motorola Europe, Switzerland National in Europe
Speaker to be announced Japanese Electronics

in World Markets
Mr. John Fluke, Sr. New Challenges to the
Chairman Instrument Industry
John Fluke Manufacturing Co., Inc. (Luncheon Speaker)
Dr. Edward David Electronics and Energy
Executive Vice President
Gould, Inc.

Former Science Adviser to the
President of the United States

Dr. William Hittinger The Future of World
Executive Vice President Consumer Electronics
RCA Corporation

Monsieur Edouard Guigonis International
Directeur Delegue and Directeur Cooperation
Commercial General, Thomson CSF in Electronics

To register for the conference use the coupon below. We will be pleased to assist
you in securing trans-atlantic flight reservations and London hotel accommodations:
Registration fee for ‘““Tomorrow in World Electronics’ is $200.

REGISTRATION FORM

“TOMORROW IN WORLD ELECTRONICS”

A major international conference sponsored by Electronic Design, The Financial Times, Electronics Weekly and BOAC.

Please register the following individual:

Name Title Mail this registration form to:
Additional registrations: Ms. Gay Donneland
: Electronic Design/Financial

Name Title Times Conference

Name Title Financial Times
Company Division Publlcatlons, Ltd.

Suite 1006

Address Telephone 516 Fifth Avenue
City State Zip New York, N.Y. 10036

Registration fee: $200 per person.
Make check payable to: Financial Times Ltd.

(212) 869-3971

( ) Payment enclosed. ( ) Please bill me. | would like assistance In ( ) flight ( ) hotel reservations.




50 Microwatt
Triple Op Amp

The L144 monolithic triple op amp draws only S0uA of current
per amplifier, from a 1.5 V supply. What’s more, it is

AVAILABLE NOW FROM YOUR LOCAL DISTRIBUTOR!

L 144 features include: i |
e Monolithic triple opampin DIP or Flatpac packages
e Wide power supply range—=*1.5 Vto =15V
e Internal compensation
e Programmable power dissipation
e Programmable input bias current
Single programming resistor
e 80 dB gain with 20 KQ load 4
e Cost effective: $1.63 per single op amp™” /
(L.144CJ 100-piece price i s oy

i

®
INPUT BIAS CURRENT (nA)
8
LY. o
W
: "
H o
<

Applications examples:

Ve =10V Vi =15V
Rser Rser R
5mQ lous = —40 NA » 750 KQ 1 ARR
R, R, 20 KQ
“ wiw :
L 150 KQ 5 75KQ
Rid |V =10V
Vi 150 KQ
VOUV
V* =10V o——q o
R, Hl
150 KQ =
R, R, |
150 KQ 75KQ  75KQ  (GND or
Vour = "LOW" WHEN. vo] NULL)
DIRECT CMOS OUTPUT
Po=15aW  Va(IYPIAT =048 mY
V- =-10V V- =-15V
DOUBLE-ENDED LIMIT COMPARATOR INSTRUMENTATION AMPLIFIER ACTIVE FILTER

The L144 s a practical industry-standard operational amplifier for use when low current
drain, low voltage, low power, or very small physical size are controlling criteria. If your
circuit requirements are unique —and whose aren’t—our applications people are eager to help.
For complete information

write for data

IC Applications: (408) 246 8000, Ext. 120

Siliconix incorporated

2201 Laurelwood Road, Santa Clara, California 95054

INFORMATION RETRIEVAL NUMBER 30 -
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(editorial )

We've changed....
haven’t we?

Not too long ago the public’s image of the typi-
cal electrical engineer was of a rather studious
looking, crew-cut type who wore a white
shirt, conservative bow tie, dark suit and
white socks. He walked around the office with
a rather dazed look, dreamily pondering the
solution to some complex design problem, a
slip stick in his hand, a fountain pen hanging
from his belt. His perception of the world
around him was generally limited to a quote or
two from the local paper and discussions with
his peer group. His political views were on the
conservative side, his temperament mild. :

An unflattering image, certainly. But perhaps containing enough truth
so that this stereotyped image persisted for many years. Now we begin to
see a change in the popular perception of the engineer. A lot has hap-
pened to our profession in the past decade. The engineer has been as
much affected by the turbulent changes in recent years as has the public
in general. Sideburns and collar-length haircuts have replaced the crew-
cut. His mode of dress now includes Brooks Brothers and Bill Blass. The
ballpoint pen has supplanted the fountain pen; the electronic calcula-
tor, the slide rule. But far more important than these outward trappings,
the engineer today has become involved.

He finds that as a professional, he needs to keep up with current events
as much as technology. He reads newspapers and magazines as avidly
as the technical journals. He is concerned and is increasingly involved in
politics, both on a national and local level. More and more he has begun
to raise questions about company ethics and the by-products and end use
of his designs. He has brought about considerable change—mostly for
the better—in the professional societies. In short, the engineer of today
is as different from his counterpart a decade ago as the microcomputer
from the mainframe.

We don’t claim that his expertise is necessarily any better than his
predecessor’s, but we think he’s become a better engineer. Being involved
has not only helped him as a person but has helped his profession as well.

,%Z&M

RALPH DOBRINER
Managing Editor
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rustworthy

Wirewound Resistors
to help start cars.

From solid state ignition systems to
appliances and entertainment devices,
Dale commercial resistors are in wide
demand...uncoated (CA/CR)... -

potted (CP)...silicone coated (CW).
Pleasing price and delivery.

Phone 402—564-3131.

DALE ELECTRON'CS, |NC., 1300 28th Ave. Columbus, NE 68601 A subsidiary of The Lionel Corporation
In Canada: Dale Electronics Canada Ltd. In Europe: Dale Electronics GMBH, 8 Munchen 60, Falkweg 51




resistors.

Metal Film Resistors
to help hearts beat.

Heart pacing devices and critical instru-
mentation applications use Dale HMF
resistors. Reason: They combine the
higher resistance range of carbon styles
with extra precision and stability.
Deliveries? Much better.
Phone 402—371-0080.

For the name of your nearest Dale
Representative/Distributor Phone 800-645-9200

Commercial Resistors
Finding New Uses

Growing use in automotive, appli-
ance and entertainment applications
has prompted Dale Electronics, Inc.,
to expand production and shorten
delivery of its entire commercial
wirewound resistor line.

Dale currently manufactures low-
cost uncoated wirewounds in axial
and radial lead models as well as
fireproof, potted versions of the same
construction. Ratings up to 5 watts
per inch are available in uncoated
models. Potted styles are available in
sizes from 2 to 10 watts and conform
to EIA Standard RS 344.

For applications requiring tighter tol-
erances and/or environmental pro-
tection, Dale produces a complete
line of industrial-grade wirewounds
including solid core axial lead styles
(CW) and tubular core lug and lead
styles (HL). For complete informa-
tion, contact Wirewound Division,
Dale Electronics, Inc., Box 609,
Columbus, Nebraska 68601.

CIRCLE 245

Wall Charts Aid
Resistor Selection

Two comprehensive wall charts de-
signed to aid in resistor selection
have been published, by Dale Elec-
tronics, Inc.

Divided into wirewound and metal
film categories, the charts show a
complete range of precision, indus-
trial and commercial styles. Basic
performance and dimensional speci-
fications are shown for all models.
Both charts are 17” x 24” and are
available free of charge from Dale
Electronics, Inc., Dept. 860, P.O. Box
609, Columbus, Nebraska 68601.

CIRCLE 246

High Value Metal Film
Winning Design Favor;
Delivery Shortened

For better resistor performance in
upper value ranges formerly limited
to carbon styles, many designers are
specifying Dale Electronics’ HMF
metal film series.

These epoxy molded axial lead re-
sistors are available with values up
to 50 megohms and range in size
from a subminiature 1/20 watt to 1
watt. They provide a standard toler-
ance of 1% plus controlled TC and
excellent high frequency character-
istics.

To respond to the demand for HMF
styles, Dale has expanded its pro-
duction facilities and is now offering
shortened delivery times for popular
models. Contact: Metal Film Division,
Dale Electronics, Inc., Box 74, Nor-
folk, Nebraska 68701.

CIRCLE 247




SURVEY

Engineers disagree on cause of shortages,
spot check shows, but agree on how to work around missing parts
and the more recent squeeze on energy and raw materials.

Dick Turmail, Associate Editor

Shortages are nothing new to producers and
users of electronics. An ELECTRONIC DESIGN spot
check shows that most designers and engineering
managers have run into trouble getting com-
ponents for well over two years now. They’ve
been searching for substitutes, redesigning, dual-
sourcing and delaying projects. As one engineer
from California put it:

“Semiconductors and capacitors have been in
short supply since the recession,. when the in-
dustry failed to stock up against a growing con-
sumer demand.” _

What is new perhaps is that now designers are
trying to work around two additional shortages:
energy and raw materials.

‘Politics’ attacked by some

With few exceptions, most engineers and com-
panies are of the same mind when handling their
shortage problems. They are trying familiar
tactics: searching for or developing their own
substitutes, establishing new product lines, im-
proving yields, controlling manufacturing waste,
cutting over-all inventories and double-ordering
high volume parts, reducing lighting and heat-
ing, and driving less. But there is a great differ-
ence of opinion as to what ‘“shortage’ is.

Some respondents think that the term is a
misnomer. The problem, they insist, is “politics.”
There will be genuine shortages, a Midwestern
engineer comments, “unless we allow capitalistic
free enterprise to make the infinitely complex
adjustments necessary, free of all unconstitu-
tional Government intervention.”

An engineering manager from Utah says it
more bluntly: “The best solution to shortages is
to stop the Government from telling us how
many of what kind of a thing we can make, what
we can charge for it and what we can pay our
employees to make it.”

Another opinion from an engineer in Massa-
chusetts is that ‘“shortage does not require tech-
nological solutions but rather responsible Presi-
dential and Congressional action to stop the huge
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outflowings of our basic resources and products.”

Others think, as does one engineer from New
Jersey, that “shortage is just another word for
long delivery time and higher-than-usual prices.”
Still others believe that shortages are a design
problem or a purchasing and inventory problem,
and just as many respondents admit they don’t
know what to believe.

Some of the other more interesting findings of
the spot check are these:

= Shortages are causing destructive side ef-
fects: fewer deliveries because of scarce gasoline
supplies; bigger inventories that squeeze com-
pany cash flow; destruction of business in special
products sold in small quantities at a quick
turn-around.

® Though two of every three companies are
looking for component substitutes, only one in 10
is actually developing its own.

s Few companies are laying off employees be-
cause of shortages.

® One of 10 respondents reports that his com-

Shortages
by percentage of response

MATERIALS
32%
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pany has no shortages at all.

= [n general, the larger the company the hard-
er it is to maintain a normal supply of energy;
the smaller the company, the harder it is to get
components.

Shortages: What—and how long a wait?

While the parts shortage is not limited to any
one region of the country, the size of the com-
pany may make a difference. According to the
ELECTRONIC DESIGN poll, nearly 60% of those
companies grossing less than $24-million annual-
ly are having more trouble finding compo-
nents than their larger competitors. Many re-
spondents who work for young companies gross-
ing less than $10-million say that because of
their company’s size, it’s often impossible to
compete with larger manufacturers on volume
orders. And because the company is young, it is
often low on the distributor’s list of preferred
clients.

However, the spot check found that larger
companies were having shortage problems, too.
About one-third of the companies that gross
$100-million and more are having trouble get-
ting enough electricity, fuel oil, gasoline and
natural gas, probably because they use more than
smaller companies.

What components are the hardest to get and
when can you get delivery?

The components in shortest supply are ICs,
transistors, electrolytic and ceramic capacitors
and metal-film resistors. There’s also a shortage
of switches, relays, zeners and gold-plated
connectors.

What companies
are doing about shortages

ELECcTRONIC DESIGN 8, April 12, 1974

Deliveries for most ICs are reported to take
from two weeks to a year. It reportedly takes
two weeks to six months to get most memories
and military op amps, and deliveries for tran-
sistors—mostly small-signal (plastic), power and
FETs—can take up to six months, with shorter
lead times for small-signal, metal transistors.

Resistors are shipped a little sooner—usually
in six to 20 weeks for fixed carbon types and
fixed and variable wirewounds. But there are
waiting periods of up to 45 weeks for fixed,
metal film resistors.

The wait for capacitors can be from one month
to a year if you want electrolytic, ceramic and
tantalum types. If you prefer mica or film and
paper capacitors, your wait is generally shorter
—from one to five months.

Prescriptions for shortages

What do respondents suggest as a hedge
against semiconductor and component shortages?
One engineer from Ohio says: “Take two days
to design instead of one, and spend the second
day cutting your circuit in half.”

An engineer from Florida suggests that it’s
helpful to “get vendors to quote honest deliveries
so that the designer can design around known
shortages.”

Another engineer from Massachusetts offers
an innovative material control system, with
point-of-sale terminals at the stock room and an
interactive, on-line management information
system in purchasing. “But purchases must be
made at just the right time,” he advises. :

A New Yorker suggests that large-quantity
deliveries of components to single companies be
reduced. Instead, he would set up smaller-quanti-
ty deliveries to a greater number of companies.
His reasoning is that quantity requirements do
not indicate immediate use—a large delivery may
sit on the shelf when some small company may
need only a small quantity to support its produc-
tion requirement.

Raw materials that respondents have trouble
getting are paper, ceramics, solvents and many
metals, including copper, brass, steel, zinc alloys
and especially aluminum. There’s no apparent
national shortage of aluminum, but it takes great
amounts of electricity to make it, and there’s a
shortage of electric power in some areas. The
U.S. imports 81 % of its aluminum supply, but a
rise in the price may encourage an increase in
domestic production.

Petrochemicals are also high on the respond-
ents’ list of hard-to-get raw materials, including
vinyl, nylon, polystyrene, polyethylene and par-
ticularly plastics used for circuit boards and
many electronic components.

Some relief is in gsight. Fewer new automobiles
are being built, and they require about 150 pounds
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Respondents’ profile

ELECTRONIC DESIGN’s spot check is based on
responses to a questionnaire published on p. 42
in the Jan. 18 issue. Besides the categorizing
questions of title, location, company size and
industry, the questionnaire asked:

m s your company experiencing shortages
now ? If yes, please specify.

m What is your company doing about its
shortages? "

m If your company is not currently experienc-
ing shortages, does your management expect
shortages in the future? If so, when?

m Please include technological solutions on
how to deal with shortages.

Company size by
percentage of response

(NO RESPONSE - 5%)

Detailed replies came from 75 engineers and
25 managers in 32 states. Over half of the re-
sponse was from California (149% ), Massachu-
setts (13% ), Texas and New Jersey (9% each),
and New York (6%).

Two of every five respondents work for com-
panies that gross under $10-million annually,
and one of every three for a company that
grosses $100-million or more.

Over. half of the respondents work in com-
munications, an industrial company, for the Gov-
ernment or in aircraft and/or aerospace. The
remaining 459% are well spread in seven other
electronic industry categories.

Location by
percentage of response

Industry by
percentage of response
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Shortages by location

Shortages by company size

of plastic for each car; this will free some petro-
chemicals for use in electronic components. Also,
the Federal Cost of Living Council decided in
February to exempt most petrochemical feed-
stocks from Phase IV price regulations. There
won’t be any immediate turn-around, but the ac-
tion should free more materials over the long
range. Prices will go up initially—about 10% to
15%, it’s estimated—and then follow the price
of oil.

Ideas on conservation

On energy conservation, some respondents
have their own ideas. An engineer from Michi-
gan says: “To reduce heating-oil use, we are
circulating building air through the molding
machine’s cooling system; in summer, we'll ex-
haust this warm air.”

Another engineer from Michigan suggests
computer monitoring and control of the gas
generator and furnaces for efficient operation.
An Alabaman thinks that solar power and geo-
thermal energy should be used where available—
even windmills, he said, are a viable source of

ELEcTRONIC DESIGN 8, April 12, 1974

electrical energy in most parts of the country.
One Texan submits his theory for a thermal
energy converter:

“Make a large thermopile by bonding together
strips of alternate dissimilar materials (perhaps
carbon and silicon carbon) like the pleats of an
accordion.”

Another engineer from Texas suggests using
street lighting that’s activated only by passing
auto headlights, and time-delay switches to turn
off hotel passageway and office hallway lighting
after use. Also, more use of fluorescent lights
instead of incandescent is suggested. An engineer
from Massachusetts advises using precipitators
to clean coal smoke, so coal can be used more
freely. :

Many respondents suggest that saving fuel is
basically a measurement and control problem;
that electronic controls can be used for heating,
lighting and air-conditioning, and that alterna-
tive energy systems, such as solar and geother-
mal, will require instrumentation and controls.

But which comes first? The component, the
energy, the raw materials? Or the control and
instrumentation? ==
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John Donohue’s “blue line”
turns out keyboard switches
faster than you can say Oak.

John Donohue, Director of Manufacturing here at Oak, is mighty proud of his “blue
line” He ought to be. It's the most sophisticated fully-automated keyboard switch assembly
facility in the industry. It was designed with the customer in mind. We wanted to make sure
we'd be able to meet his demands for huge quantities of our popular keyboard switches.

And popular they are. We build keyboard switches for everything from miniature
calculators to data entry systems fo point-of-sale terminals. You can buy them
individually or in completely assembled custom keyboards.

: It you need low-profile keyboard switches—we have’em. Our
Series 415 switches have a profile of less than % inch. And they're
available in either single or double “human engineered” keycaps that
dress up any product design.

Series 400 and 475 keyboard switches are built
h with self-cleaning gold cross-bar wiping contacts. You're
\ assured of trouble-free operation through millions of cycles.
And our variety of contact arrangements gives you frue
design versatility. ;

We also offer a full selection of lighted and unlighted
! pushbutton switches plus almost any other type of switch you
| can put your finger on. Let us know your needs.
Write Lou Roels at Oak for product literature, helpful
keyboard design tips and free samples of our keyboard switches.

‘.“ I{ Industries Inc.

SW'TCH D'VlS|ON /CRYSTAL LAKE, ILLINOIS 60014

TELEPHONE: 815:459:5000 & TWX:910+634:3353 8 TELEX: 72+2447
INFORMATION RETRIEVAL NUMBER 31
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MOS/LSI microcomputer coding: it involves
loaders, assemblers and even compilers. Use these and other
tools to store algorithms in the system’s memory.

Second of three articles

Engineers who incorporate MOS/LSI micro-
computers in their designs face a critical need:
conversion of system algorithms into instructions
that can be loaded directly into the system’s
memory.

IC manufacturers are giving more and more
attention to this phase of design, generally called
coding, with improved tools and techniques to
simplify the designer’s task. ,

The basic tools available are these:

s Assemblers.

= Editors.

= Loaders.

= Compilers.

= Microprogramming.

Fig. 1 shows the primary function of the first
four tools. In addition hardware or software
simulators are available for program testing and
error locating.

Assembly language: the most appropriate

An assembly language, the most common for
microcomputer programming, has these features:
symbolic operation codes; labels that refer to
memory locations—instruction or data; and sym-
bolic names for operands, such as registers, con-
dition flip-flops and test conditions of conditional
instructions (Fig. 2).

For example, in the Fairchild PPS-25 the in-
struction!

(Ri;) « (A)) + (Ry)
replaces the contents of register R; with the
sum of the contents of the accumulator and
register R,. However, only a designated field, j,
in each register is involved in the addition. The
Fairchild assembly-language equivalent reads
BbD Y X T

Here Y represents the name of a destination
register, X the name of a source register and T
a previously selected code that represents the
field over which addition is to take place. The

C. Dennis Weiss, Ph.D., Member of the Technical Staff,
Bell Telephone Laboratories, Holmdel, N.J. 07733.
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PROGRAM IS
PLANNED
IS PROGRAM TO BE WRITTEN
IN A HIGH LEVEL LANGUAGE ?
YES / : \_No

WRITE ASSEMBLY
LANGUAGE PROGRAM

l.__

USE ASSEMBLER
TO CONVERT PROGRAM
INTO MACHINE
LANGUAGE

WRITE
HIGH LEVEL
PROGRAM

=

USE COMPILER TO
CONVERT PROGRAM
INTO ASSEMBLY LEVEL

INSTRUCTIONS AND

MACHINE LANGUAGE

ANY ERRORS
PICKED UP P

ANY ERRORS
PICKED UP P

YES 1. NO ’ YES

USE EDITOR U:ST%%E’%N? USE EDITOR TO

TO CORRECT LANGUAGE BINARY CORRECT
HIGH LEVEL CODENINTD HIGH LEVEL
PROGRAM MICROPROCESSOR PROGRAM

i

1. Preparation of the binary code to be placed in read-
only memory can be simplified by use of a compiler or
assembler and an editor and loader.

possible codes of T, with their meanings, include
the following:

TOTAL: Total field,

FRAC: 19 (left-most) digit fraction-
al or mantissa field,

LSD: Least significant digit,

PFIELD: Digit selected by pointer
register.

In the Intel 8008, consider this conditional
CALL instruction: PC|S and (PC)<« 14 bit im-
mediate field, if condition holds; otherwise do
next instruction. PC refers to the program
counter and S represents a last-in, first-out stack.

Such an instruction in the Intel assembly
language is written

CTX PLACE.
X refers to C, Z, P or S, which mean, respective-
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ORGIN = 0 ;[PSEUDO-OP DEFINING INITIAL PROGRAM ADDRESS|
SYMBOLIC OP-CODE |
1

COMMENT:
INCR | RCOUNT ;INCREMENT THE REGISTER NAMED RCOUNT

JUMP ZERO'LOC IF RESULT IS ZERO, JUMP TO INSTRUCTION

LABELLED 'LOC'

OPERAND NAME
(CONDITION FLIP-FLOP)

XOR TWORD,A ;EXCLUSIVE-OR THE REGISTER Tm WITH
THE ACCUMULATOR

ADI DELTA,A;ADD THE DATA NAMED 'DELTA' TO ACCUMULATOR
i
ADDRESS LABEL |

OPERAND DEFINITION @

1)
RCOUNT = B
TWORD = C

PSEUDO-OP

JTZ LOC
XRC

Loc AD1 DELTA

DELTA EQUu 10

2. Part of an assembly-language program (a) illustrates
the basic language features. The same program segment
appears in the Intel 8008 assembly language (b).

ly, Carry = 1, Result Zero, Parity Even and
Sign Bit 1. PLACE is the label associated with
any other instruction in the sequence being
assembled.

Hence the statement

: CTP STEP1

causes the microcomputer to call STEP1 condi-
tionally. The processor saves the program
counter and replaces it by the address labeled
STEP1, if the parity of the register last oper-
ated upon was even. Otherwise the instruction
that follows would be executed.

The sequence

INB
CFP STEP1
JMP STEP2

increments register B, calls to STEP1 if the
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A line of source tape

o Acd (@.+10

This says LOAD register AC¢ indirectly, through -
the address given by adding 10 (octal) to the cur-
rent value of the program counter (denoted
by-)

A line of the list tape

s 10 000 9109 LD Acp ,@.+10 ]

10 = line number in assembly language pro-
gram (on source tape) -
000 = location of the instruction
9109 = hexadecimal representation of the 16-
bit machine language word
LD AC¢, @ .+10 = assembly language state-
ment written by programmer on source
tape

A line of the object tape

100100010000100I

This is a 16-bit machine language equivalent
of the instruction above.

3. The assembler,—a program,—converts a source tape
to a list tape and absolute object tape in this example
from the National IMP-16.

parity of register B is odd or performs an un-
conditional JUMP to STEP2 if the parity is even.

The assembler can read a source tape or file
with statements written in the symbolic assem-
bly language (Fig. 3). Also, the assembler can
construct various tables from the source file and
produce an output object tape, or file, with binary
numbers for the microcomputer.

For example, in the Fairchild PPS-25,

ADD B,C, FRAC
appears in the object code as
000100101010.

From left to right, 000 is the operation code for
ADD; 100 is the Fairchild code for the B regis-
ter; 101 is the code for the C register, and 010
represents the mask-programmed code to select
the left-most 19-digit field of a register.
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NUMBERS OCTAL
i ORIGIN 0
ENTRY 1 LOAD R1, MEM 1
LOAD R2, MEM 2
#**  "YJOAD’ IS UNDEFINED OP:CODE * * *
ENTRY 1 COMPARE R1, R2
LGl DUPLICATE ADDRESS LABEL * * *
JCOND PLACE
o ‘PLACE’ is UNDEFINED ADDRESS
‘ LABEL * * *
ity OPERAND MISSING * * *
JUMP FINISH
STORE R1, MEM; if R1 > R2, EX-
CHANGE
i ‘MEM’ UNDEFINED * * *
STORE R2, MEM 1

FINISH HLT !
it ‘HLT' IS UNDEFINED OPERATION * * *
MEM1 = 1732
MEM2 = 1840
el NUMBER IS INVALID OCTAL * * *

END . »

NUMBERS OCTAL

ORIGIN 0
ENTRY 1 LOAD R1, MEM 1 -

LOAD R2, MEM 2
ENTRY 2 COMPARE R1, R2 :
’ JCOND GREATER, PLACE

JUMP FINISH .
PLACE STORE R1, MEM 2; if R1 > R2, EX-
CHANGE
STORE R2, MEM 1
FINISH HALT
MEM1 = 1732
MEM 2 = 2040
END

4. An assembler provides error messages that start with
{k%*%" in a program with errors (top). The corrected
program appears at the bottom.

For the Intel 8008,
CTP. STEP1

appears as the 3-byte instruction,

01111010

00110000

xx001110.
STEP1 is assumed to be an instruction stored
at binary location 00111000110000. The last two
bytes give, respectively, the low 8 and high 6
bits of the address. The bits marked x are “don’t
cares’ for the 8008. The assembler could substi-
tute any bit pattern, since the machine ignores
these locations.

The assembler—a program

The assembler is a program that must be
run on some computer. One assembler program—
from Intel—can be loaded into several pROM or
ROM chips and executed by a microcomputer of
the type for which it is assembling. These are
called “hardware assemblers,” because they run
on the hardware itself.

A more common situation is one in which the
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assembler itself is written in Fortran. With
minor modifications, the program can be run on
any computer that compiles Fortran programs.
Thus the designer prepares source programs, as-
sembling them on some other computer, to ob-
tain the object tape for the microcomputer. The
Fortran-written assemblers are often made avail-
able to users through various national time-shar-
ing, computer-service- companies.

Assemblers contain pseudo-operations

Assemblers provide more sophisticated fea-
tures. These are usually pseudo-operations, or as-
sembler instructions, that do not assemble into
microcomputer instructions directly but control
the assembly of instructions that do. The more
significant and common psuedo-ops are as
follows :

= NUMBER SYSTEM (B,0,D). If B is writ-
ten, all literals that appear in operand fields are
interpreted as binary numbers. Similarly O and
D establish octal and decimal modes.

® ORIGIN. The statement ORIGIN 256D
causes the next instruction to be stored at loca-
tion 256 (decimal). Consecutive locations are
used until another ORIGIN statement appears.

= COMMENTS. It’s common to intersperse
English text in a source file that contains as-
sembly language. With the selection of a symbol,
such as “/” or “;” or “:”, the assembler ignores
all symbols to the right of the selected one on
each line of source text. But the assembler re-
produces the symbols in the final list file.

s EQUAL. A statement such as R1 = PLACE
establishes that PLACE, and R1 can be used in-
terchangeably as names of register R1. The state-
ment DATA1 — 53D causes the contents of
DATAI1 to be taken as 53 (decimal).

= DATA GENERATING STATEMENT. A
statement such as TABLE D 7, 53, 29 creates
three data words stored in successive locations in
memory. The first location is labeled TABLE.

Assemblers give error messages

The ability of assemblers to detect and point
to a variety of errors in source statements is
one of their most valuable features (Fig. 4).
These errors are syntactic—they deal with mis-
use of the actual language. Assemblers normally
cannot catch logic errors in the program, errors
of intent or other subtle problems. A statement
that contains an error is printed in the list file
with a code letter—a flag—beside it. Or the en-
tire error message may be printed.

Some common errors that can be detected in-
clude duplicate address label, undefined label and
unrecognized instruction mnemonic (due perhaps
to the misspelling of an operation code). Other
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detectable errors include undefined operand field
names, wrong number of operands and an in-
valid number in the number system chosen. In
addition an assembler could be made to detect
the error of an address referred to the same
ROM page, as in a short JUMP when a long
JUMP is required.

Not all errors of syntax are flagged in cur-
rent microprocessor assemblers. For example,
when the labeled address for a JUMP or CALL
instruction is not the start of an executable in-
struction, the error is not generally detected.

A macro facility—a deluxe feature in assem-
blers—is very useful when similar sections of
code are used repeatedly but variations preclude
the use of conventional subroutine techniques.
A macro consists of a sequence of code or a
routine that is defined with such parameters as
data values, addresses, labels or even instruc-
tions. An expansion of a macro involves a specific
copy of this sequence in which all parameters
have assigned values.

For the assembler to produce an expansion of -

the macro, only a single statement need be writ-
ten—if you assume that the macro definition has
already been given to the assembler. This state-
ment appears at the location at which the ex-
pansion is to begin, and it contains a list of the
values to be assigned. The assembler creates the
complete expansion where requested.

Editors make changes

Editors are interactive systems that allow de-
signers to prepare a program, or text, and to
make changes with simple commands. Time-shar-
ing services, which provide remote access to
microcomputer assemblers, have such editor sys-
tems. Hence designers can prepare assembly-
language programs and correct them. They can
add documentation and store, combine and re-
trieve programs. And they can output programs
onto paper tape and printers with relative ease.

Once a program has been written, assembler-
flagged errors corrected and a binary object tape,
or file, created, the program must be loaded into
the memory of the microcomputer system.

Assembled programs can be loaded into mask
or field-programmable ROMs. They can also be
loaded into RAMs, in which case a small boot-
strap loader is required. The latter may be a
minimal program loaded into several ROMs or
pROMs. This bootstrap program has just enough
capability to read an object tape of a complete
loader program, which is placed on a tape reader
under microprocessor control. More often, the
bootstrap loader contains the entire loader pro-
gram, and all RAM space is available to load
the application program.

Application programs can be conveniently test-
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A PL/M statement

DECLARE (X,Y,Z) BYTE; IF X > Y THEN Z =
w X =Y+ 2,EISEZ =Y — X + 2
An equivalent set of assembly language statements
for the Intel 8008

. ORG 4000
BEGIN LLI LOW X
LHI HIGH X
LAM; accumulator contains X
LLI LOW Y
LHI HIGH Y
LBM; B-register contains Y
SUB; Subtract B-register from
accumulator
JTS LOC2; if result negative, jump
: to LOC2.
LOC 1 ADI 2; add 2 to accumulator
' LLI LOW Z
LHI HIGH Z
LMA; store answer in the loca-
tion for Z
JMP FINISH
LOC: 2" LCl 377
XRC; accumulator bits
ADI 1: complemented
2's complement of X-Y in
accumulator '
JMP LOC1
FINISH HLT
LOW X EQU 70; word address of X
HIGH X EQU 10; page address of X
LOW Y EQU 71 )
HIGH X EQU 10
LOW Z EQU 72
HIGH Z EQU 10
ORG 4070
LOC X DEF 0; X = O initially. Value as-
: signed elsewhere
LOC Y. DEF-0: Y = 0 initially
LOC:Z' DEF.O; Z = 0 initially

5. A short, readable compiler statement corresponds to
many assembly-language statements.

ed in RAM before they are committed to ROMs
or pROMs. However, if they are to be used in
RAMs in the final system, a startup or restart
procedure is needed. The procedure permits boot-
strapping of the microcomputer into operation.
A permanent loader is required in read-only
memory.

Advanced loader features

The most elementary binary loader simply
reads successive words on the object tape and
writes them into successive locations of RAM
memory. The loader generally starts at a fixed
origin. A relocating loader is more complex and
not generally available. The reloading loader
uses a special object tape and the desired origin
data to automatically adjust the program ad-
dresses and load the resulting binary instructions.

With a basic binary loader, the same flexibility
can be achieved by reassembly of the original
source tape or file, but with a change of the ori-
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= Errors in basic system design
difference between intended or desired opera-
tion and that achieved
m Errors in basic algorithms
incorrect algorithm
wrong strategy
algorithm takes too long to execute
arithmetic accuracy or precision unsatisfactory
= Errors in implementation
logic error .
off by one count
conditions reversed
data stored in wrong order
microcomputer hangs up in a loop
data destroyed by overstore
wrong register used
coding errors
A wrong instruction
= Errors in hardware
marginal operation
races
propagation delays too great
wiring error
interface signals incorrect
peripheral device operated improperly

6. Many potential sources of error exist in a microcom-
puter design.

gin using a suitable ORIGIN pseudo-operation.

Another feature of more advanced loaders is
linking capability. Here program segments or
routines with undefined labels or names can be
loaded. The loader supplies missing cross refer-
ences between the separate routines. Again, this
feature can be achieved by reassembly of the
entire collection of programs.

Compilers translate languages

A compiler is a program that accepts as input
data another program, written in a so-called
source language. The compiler then outputs an-
other program, written in what is called the
target language. The latter can be either the
assembly language or a machine language.

The source language is usually a high-level
language, in which the instructions or commands
are much more powerful than those of the target
language. Examples of source languages are
FORTRAN, COBOL, APL, ALGOL or PL/1.

Compilers make the programmer’s job easier
because they provide a language that requires
fewer statements for an algorithm. Compilers
eliminate the need to write detailed codes to
control loops, to access complex data structures,
or to program formulas and functions.

For example, a compiler from Intel has a sub-
set of PL/1 instructions as its source language.
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INPUTS OUTPUTS

ATZROT%%M — DISPLAY OF

SIMULATOR SIMULATED BEHAVIOR OF
SIMULATOR PROGRAM MICROPROCESSOR RUNNING
COMMANDS THE TEST PROGRAM
EXAMPLE

INPUT TO SIMULATOR
The program itself (machine language in-
structions produced by an assembler)
A list of simulator commands C
SET PC = 0, REGISTERS R1 = 1, R2 = 1,
R3-="1 :
SET MEMORY LOCATIONS MEM (100)
TO MEM (150) = 0O
STOP SIMULATION AFTER 20 INSTRUC-
TIONS
DISPLAY REGISTERS R1, R2, R3
DISPLAY MEM (100) TO M (103)
DISPLAY OCTAL
START
OUTPUT OF SIMULATOR
Rl - = § R2 = 10 " R3 =73

MEM (100) = O

MEM (101) = 377
MEM (102) = 264
MEM (103) = 113

7. Commands to a simulator allow designers to verify
that a program is correct.

The subset language is called PL/M.? An example
from PL/M illustrates the powerful nature of
the source-language instructions:

DECLARE (X,Y,Z) BYTE;

[ Y THENZ = Xi— Y +2;

EILISEZ=Y — X + 2.

The PL/M statements are converted by the
compiler into a sequence of assembly-language
instructions. The instructions compute Z after
they test to see if X > Y. If X is bigger, then
Z =X —Y + 2 is.computed. If X = Y, then
Z=Y — X + 2 is computed. X, Y and Z refer
to the contents of three, single-byte locations es-
tablished by the DECLARE statement.

Fig. 5 shows an equivalent sequence of instruc-
tions written directly in the assembly language
of the Intel 8008. Notice how much more diffi-
cult the instructions are to understand, despite
the comments. And notice the increased amount
of writing required, even without comments.

The use of higher-level languages has its lim-
itations. Although errors may be reduced be-
cause of the lessened detail, new problems can
be caused by failure to understand all the con-
ventions built into the compiler. There is also
invariably some loss in efficiency in compiler-
generated code.

If you rely too heavily on a compiler, your
mode of thinking may be too far removed from
the actual microcomputer -capabilities. While
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programs are compact, easy to read and much
easier to write, the net result may be excessive
storage space and slower execution.

One solution is to write routines that are typ-
ical for an application in both the compiler’s
source and assembly languages. The comparison
helps to determine any loss of efficiency and
how significant the loss may be.

A compiler that produces assembly-language
code—and not simply machine-language words—
permits the use of an assembly listing for tests
and verification. Also, such a compiler lets the
designer eliminate redundant data movement.

Microprogramming tailors designs

Some microcomputers—the National GPC/P,*
for example—can be tailored to design require-
ments through use of a mask-programmed con-
trol ROM. In effect, the designer can choose,
within limits, the basic machine-language in-
struction set if he writes the microprogram.

This flexibility simplifies use of a microcom-
puter as an emulator of another computer. The
instruction set of the other computer is micro-
programmed into the microcomputer control
ROM. Execution of a program instruction cor-
responds to selection of the equivalent micro-
routine.

Microprogramming can also be used for criti-
cal, short routines in applications where speed
is of the essence. The routines can be executed
faster when written in the basic control lan-
guage of the microcomputer. A single machine-
language instruction triggers the routine.

The microprogram instructions are more ele-
mental than the usual machine-language instruc-
tions. Each instruction controls limited, simple
operations in the microcomputer. A sequence of
instructions is required for most machine-lan-
guage instructions. Hence many instructions are
required for an entire. cqmputational routine.

Simulator tests programs

Many potential sources of error exist in a
microcomputer program of even modest com-
plexity (Fig. 6). A software simulator provides
one of the most useful tools for testing programs.

Input data to the simulator consist of an as-
sembled program, or object file, written for the
microcomputer. In addition various commands
are available to control the simulated execution
of the program (Fig. 7).

The simulator output contains representations
of the contents of various registers, flags and
memory locations. These are shown as they
would appear inside the microcomputer. The sim-
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8. A variety of simulator commands is available to test
microcomputer programs.

9. Program libraries contain frequently used programis.

ulator commands allow designers to obtain se-
lected outputs at simulated instants. A listing
of simulator commands similar to those for the
Intel 4004 and 8008'° appears in Fig. 8.

As with all computer systems, microcomputer
program libraries are beginning to form, with
contributions from vendors and users. A brief
listing of frequently used programs appears in

‘ Flilg., 9. mm

The first article in the series appeared in the
April 1 issue, and dealt with microprocessor in-
struction sets. The concluding article will dis-
cuss an application example.
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The case for using ceramics: High thermal
conductivity and insulation resistance plus superior strength

make this material hard to beat for microelectronic packaging.

With today’s pressure for increased circuit
density, engineers are hard-pressed to find re-
liable insulating materials for new designs. One
material family stands out above the others:
Ceramics.

Ceramics have two major advantages over
plastics as a packaging or substrate material.
The thermal conductivity is 25 to 100 times high-
er, allowing the ceramic to act as a heat sink.
In addition, because ceramics can form hermetic
seals, ceramic packages can protect semiconduc-
tor devices from atmospheric contamination.

Here are other reasons for using ceramics:

® The thermal expansion can be matched to
that of other commonly used materials to allow
for hermetic sealing with those materials.

= A wide range of dielectric constants is avail-
able, as are low dielectric losses and high dielec-
tric strengths.

= Surface finishes with a smoothness of just a
few microinches are obtained directly from the
firing process. These surfaces can also be polished
or glazed.

= Opaqueness is available, when needed, in
light-sensitive applications.

= The materials have good mechanical proper-
ties—high strength, hardness and impact resist-
ance. Ceramics can be molded, metalized and ma-
chined by grinding or lapping.

A ceramic is an inorganic, nonmetallic mate-
rial. It may be a crystalline, polycrystalline or
amorphous—for example, glass.

Alumina: many desirable properties

Today, ceramics like beryllia, steatite, for-
sterite, alumina (75 to 99.7% pure Al.O,), zir-
‘con, titanate and barium titanate are being used.
Each has advantages and disadvantages, and the
designer must consider them carefully before
making a final selection. Some typical properties
of the more commonly used ceramics are com-
pared in Table 1.

J.T. Bailey, Research Manager, American Lava Corp.,
Chattanooga, Tenn. 37405.

74

Hybrid-circuit packages (top) with 30 and 75 leads and
chip carriers that seal hermetically (under magnifying
glass) are made from alumina ceramic. Laser scored
ceramic substrates facilitate the separation of individual
circuits after processing has been completed.

The aluminas are probably the ceramic most
widely used in electronics. They possess many
desirable—and only a few undesirable—proper-
ties for substrate applications. Thick-film or thin-
film processes can be applied to alumina, and it
is the most popular, commercially available sub-
strate for microcircuits. Its cost is moderate.

Typical thermal expansion characteristics of
alumina are compared with metals and other
ceramics in Fig. la. Alumina’s compatibility with
Kovar is one of its principal advantages in metal-
ceramic assemblies.

Although most alumina ceramics (85 to 98 %
Al.O.) contain entrapped porosity, it is possible
to fabricate pore-free grades. They are made
from high-purity oxides, and they are chemically
modified to permit sintering to full density.
Densification and grain growth during processing
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come close to some metals, and they also have
the high resistivities needec( for use as microcir-
cuit substrates, insulators and dielectrics.

Table 1. Some representative properties of ceramic substrates

Material
property

Unit

Steatite

Forsterite

Zircon

Alumina
(99.59% pure)

Beryllia

Water
absorption

%

Impervious

Impervious

Impervious

Impervious

Impervious

Hardness

Moh’s scale

75

7.5

8

Thermal
expansion

25 to 900 C
cm/cm/°C

8.5x10*

11.710"

49x%x10°

L% 10

8.7 %107

Dielectric
strength

(60 Hz ac, 1/4"

test discs)

Volts /mil

220

240

220

220

230

Dielectric
constant
1 MHz

9.3

6.2

8.8

9:9

6.9

Dissipation
factor
1 MHz

0.0026

0.0004

0.0010

0.0001

0.0002

Loss factor
1 MHz

0.014

0.002

0.009

0.0011

0.0014
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are controlled, so that gas atoms in the pores can
diffuse along grain boundaries to the surface.

Alumina’s disadvantages? High temperatures
are required for processing. When fabricated in
large plates (over 2 x 2 in.), warping may occur.
And grinding can be expensive, because of the
material’s extreme hardness.

In the last 30 years there have been consider-
able improvements in the properties of alumina
ceramics. Table 2 shows the progress. Hardness,
for instance, has gone from 69 to 90 R45N;
purity from 85 to well over 99.9% aluminum
oxide; densities from 3.40 to 3.96 g/cm?®; and
strength from 35,000 to 100,000 1b/in=.

The surface characteristics of alumina become
especially important when a conductive film is to
be deposited. The required degree of smoothness
depends upon the application. For thin-film ap-
plications, the surface should be smooth and free
of all imperfections and contaminants. The per-
formance of thin-film capacitors, for instance, is
sensitive to substrate smoothness and requires a
surface finish of 1 microinch or better. Most
thin-film resistor circuits, on the other hand, can
satisfactorily use as-fired alumina substrates,
which have a smoothness of 5 to 8 microinches.

Surface finishes on alumina substrates are
available from about 40 microinches to less than
0.5 microinch. The 92 to 96% aluminas have
finishes ranging from about 15 to 40 microinches.
The finish depends upon the ceramic composition,
the method of forming (tape process or press)
and whether or not the substrate was tumble-
polished after firing. A 99.5% pure alumina sub-
strate, when formed by the tape process, can have
an as-fired finish as fine as 5 to 8 microinches.

Glazing can provide an extremely smooth sur-
face—less than 1 microinch. But it has draw-
backs: It lowers thermal conductivity and the

maximum service temperature, and has less re-
gistance to mechanical and chemical stress.

Alumina substrates are available in sizes up to
about 6-in. square in thicknesses of 0.005 to
about 0.1 in. Almost any outside configuration
and hole pattern is available. The standard di-
mensional tolerances are +=1/2% plus not less
than %0.003 in. Camber is 0.004 in/in. plus not
less than 0.002 in. on as-fired substrates. At
present the standard as-fired thickness tolerance
is *10%. However, there is a good indication
that this will soon be reduced to *5%. With a
little extra care; a tolerance of *7% is possible
today with standard manufacturing processzs.

These tolerances and properties will improve
as alumina raw-material technology improves.
The smaller the particle of raw material, the
smaller the average crystal size of the fired
ceramic and the smoother the surface of the sub-
strate—an important consideration in thin-film
applications. Purer materials reduce the inci-
dence of stray iron, cobalt or chromium particles,
which change color and alter mechanical and
electrical properties. Minimization of organic
contaminants reduces voids and surface pits in
the fired ceramic.

For thermal conductivity: beryllia

Beryllia ceramics are similar in many respects
to the aluminas, especially in surface smoothness,
but they are not as strong. Beryllia powders are
toxic; thus their cost tends to be higher than
alumina because of needed safety measures.
Beryllia raw-material costs are also much higher.

But beryllia has exceptionally high thermal
conductivity (Fig. 1b). When used primarily as
an insulator, beryllia’s low dielectric constant
helps to reduce crosstalk between conductors and

Table 2. Evolution of alumina ceramics

1940's 1950’s 1960’s 1970’s
Per cent Al.O, 85 96 99.5 99.95+
Density (gm/cm?) 3.40 3.70 3.87 3.96
Hardness (R45N) 69 78 82 90
Tensile strength (psi) 20,000 25,000 30,000 60,000
Compressive strength (psi) 275,000 375,000 400,000 600,000
Flexural strength (psi) 35,000 46,000 60,000 100,000
Raw Materials
Purity (% AL.O,) 9515 99.7 99.7 99.99 +
Particle size (Microns) 44 4 1to2 0.3
Surface area (m’/gm) — 1 2to5 10-12°
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Table 3. Typical properties of various alumina substrates

Per cent AlO,

Properties Units 96 99.5 99.7
Alumina’s X particle size microns 2.9 1.5 0.6
Density cms/cc 3.70 3.89 3.86
Thermal expansion 25-300 C. 6.4 6.6 6.5
linear coefficient 25-700 C. 750 7.4 7.4
cmilem. . 107 per.°C; 25-900 C. 7.9 Tt 74
Flexural strength specimen ' Ib"/in2 60,000 70,000 85,000
0.025" T & 0.070” W,

0.500 L

Dielectric constant 9.3 10.5 10.3

@ 1 MHz, 25 C.

Dissipation factor 0.0003 0.0001 0.0002
@ 1 MHz, 25 C.

Average crystal size microns 4.0 3.0 15
Surface finish microinches 25 8 4

to allow high signal-speed propagation.

Another ceramic family that is used primarily
as an insulator is steatite porcelain. The steatites
are an improvement over the traditional clay-
feldspar-quartz electrical porcelains; they have
lower losses in the megacycle range and are
relatively easy to machine. But they also have
relatively low thermal-shock resistance and low
strength when compared with alumina. Steatite
ceramics can, however, be made economically for
use as general-purpose insulators.

Forsterite ceramics are a further improvement
over steatite. They have higher resistivity, high-
er strength, lower losses at microwave frequen-
cies and can be used at higher temperatures.
Their higher thermal-expansion -coefficient
matches that of many metals, but this property,
can cause thermal-shock problems. Two for-
sterite families are finding wide use. One matches
the thermal expansion of certain chrome-iron
alloys; and the other, titanium.

The volume resistivities of various ceramics
are shown in Fig. lc. Note the superior high-
temperature resistivity of forsterite over steatite
and even 96% alumina.

Cordierite ceramics, on the other hand, are
outstanding for thermal-shock resistance. Porous
cordierite ceramics are widely used for heating-
wire supports. They are also available as dense
ceramics. Since metals have higher thermal ex-
pansion than cordierite, it’s difficult to seal to.

Zircon and magnesia ceramics are not widely
used in electronics. However, a special property
may justify occasional application.

Magnesia is used as insulation in electrical
heating elements, special thermocouples and leads
for high-temperature instrumentation, because
of its high electrical resistivity, relatively good
thermal conductivity and ease of fabrication.
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And sapphire—since it is cut from a single
crystal and has no porosity or grain boundaries
finds use as a substrate for the epitaxial
growth of single-crystal films of materials with
similar lattice dimensions. Single-crystal spinel, -
beryllia and quartz are also used as substrates
for epitaxial films.

Even diamond crystals are sometimes used for
substrates and heat sinks. Other ceramics, such
as boron nitride and thoria—also find occasional
use as insulators, where their unique properties
fit specialized applications. But, of course, their
cost is usually higher.

Raw-material control essential

No matter what the ceramic, tight control of
the raw-material mixture is a constant necessity.
Modify a mix to meet tighter tolerances on one
set of characteristics and you change other im-
portant properties. For example, addition of
binders causes higher shrinkage in firing, and
this, in turn, makes dimensional control difficult.
And careful control of temperature during the
firing is mandatory. Each composition must be
fired at a specified temperature to obtain certain
properties. A change in firing temperature will
change the properties and also the shrinkage.

Thus alumina has a considerable range of con-
trollable properties (Table 3). A relatively new
property is opaqueness. Standard white aluminas
have proved ineffective for packaging LEDs and
light-sensitive devices, because they transmit too
much light. A new black 94% alumina has the
necessary opacity, yet it retains all of the ouali-
ties of equivalent white aluminas. A piece of this
new ceramic 10 mils thick will absorb 99.99% of
the incident light. No incident light can penetrate
a standard 20-mil-thick package. nm
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Now you can design
linears your way. Our
new single and dual
programmable op amps
offer greater economy
and design flexibility,
let you set your own
parameter specifi-
cations, and minimize
power consumption at
the same time.
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