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Nitride passivation cuts
power-diode leakage
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Introducing the best DC power supply catalog in the world.

Forty-two informative pages. Specifi-

cations. Drawings. Photos. Prices.
Three-day shipping guarantee. Or-
ganized for quick selection of the
best model for your application. In-
cluded are:

Mini-modules with reg-
ulated single or dual
outputs. Save space and
improve reliability by mounting them
directly on printed circuit boards.
$30 up.

Standard modules with

- , ' ratings to 32 amps.

— Choose from single and

"" dual output regulated

. * models and single out-
put unregulated. $60 up.

Low-profile modules to
% 4.0 amp from a package
¥ only 1.68" thick.$75 up.

Plug-ins with single or
dual outputs, for com-
mercial or MIL-Spec.
use, regulated or unreg-
ulated, high isolation,
fixed or adjustable.
$45 up.

Acopian also offers rack mounting
power systems, designed to meet
specific multi-output power needs.
Shipping time for these fully wired,
fully tested systems is only 9 days
from your order.

$150 up.

For your copy of the world’s best
power module catalog, write or call
Acopian Corp., Easton, Pa. 18042.
Phone: (215) 258-5441. The power
modules you order from it will be
shipped with (you’ll happily agree)
the world’s best tag. ..
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Varian’s new
Plesa™ tuning diodes.
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Only the price is reduced.

With Plesa passivated tuning diodes, you get all the performance and
reliability you expect from Varian at substantially reduced prices. And leakage
currents are low across wide temperature ranges: 20 nA at 25°C and
2 pA at 150°C. Diodes with even lower leakage current values and stability are
available for applications requiring excellent frequency or phase stability.

Standard tuning diodes are available with reverse breakdown voltages of
45, 60 or 120, with total capacitance as low as 2 pF at 0 volts bias — specials even
lower. Standard minimum Q to 2000 are featured — with specials above 4000.
Capacitance tuning ratios correspond to a nearly perfect abrupt junction law.

The combination of large capacitance variation and high Q makes Plesa
diodes ideal for oscillators tuned over a broad bandwidth into Ku-band
frequencies. Plesa varactors are well suited for AFC applications,
filter or cavity tuning, phase or frequency modulators.

For complete details, contact Varian, Solid State Division, Salem Road,
Beverly, Massachusetts 01915. Or any of the 30 Electron Tube and Device
Group Sales Offices throughout the world.

@varian
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Small. Very small. In fact, the smallest.

We call them our Series 1400. They’re hermetically
sealed and have better specs. Ideal for HI-REL military/aerospace
applications. Ask about our MIL STD 883 capability.

MODEL 1412 mini-chopper. Unique. Gives you
unbelievable flexibility in solving critical packaging problems.
High performance. Like, =25 uV max initial offset, 0.25 uV/°C drift,
and 30 pA bias current, 2 pA/°C drift. Price: $104 in 100’s.

MODEL 1414/10. Fastest FET op-amp in a DIP
package. 65 V/usec slew rate. Settles to .01% in 800 nsec. 20 pA
bias current, 25 mA output current. Price: $45.50 in 100’s.

MODEL 1402 micro power FET op-amp with 0.5 mA
quiescent current, =4 V to =24 V supply range, 15 pA typ bias cur-
rent, and 10 «V/°C drift. All this, and more, in a TO-8 case. Ideal for
pollution-monitoring devices, oceanography, and portable test
equipment. Price: $44 in 100’s.

A small price to pay for the best. And we can prove it,
with evaluation samples. Off the shelf shipment from the industry’s
largest selection of linear circuit modules.

Get full details from your local Philbrick representative
or Teledyne Philbrick, Allied Drive at Route 128, Dedham,
Massachusetts 02026. For toll-free ready data dial (800) 225-7883.
In Massachusetts, (617) 329-1600.

Packages shown actual size.

Philbrick Linear Microcircuits.

[\S]
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TRW LVA diode...

the sharpest knee
below 10 Volits.

i *

The current saver.

No other zener can approach TRW’s LVA perform-
ance below 10 volts. Available for operation down
to 4.3 volts, TRW LVA diodes minimize power con-
sumption in portable-battery operated equipment.
They're also ideal for instrumentation, where, as
reference elements,they draw as little as 50 u Amps.

TRW LVA's are available in various package config-
urations, including passivated chip form for hybrid-

5.6 volt military zener +

SCALE ILLUM.

compatible packages. If you have a need for a low
current voltage regulator or any other product that
demands low current consumption, you should
check out TRW LVA zeners. When it comes to cur-
rent, they're really misers!

For product information and applications assistance
write TRW Semiconductors, 14520 Aviation Blvd.,
Lawndale, California 90260. Phone (213) 679-4561.

TWX 910-325-6206.

SEMICONDUCTORS
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0.25pA
I (max)

AD523. This one has the lowest bias current
of all high performance 1.C. operational amplifiers.
Even ours. Especially theirs.

The AD523 is our new
series of J-FET input
operational amplifiers.
It's the first linear |.C.
to guarantee 0.25 pico-
amp of bias current
under operating condi-
tions. At either input
terminal. And in a low
leakage case.

And you know what
that means.

This amplifier is more
charge-sensitive and an

order of magnitude
more current-sensitive
than other linear |.C.’s.
And with 15 uV/°C of
offset voltage drift,
90 dB of CMR,and a
slew rate of 5 V/usec.
We did a number of
important things to give
you this performance.
Like combining
matched small geom-
etry FET chips with a

specially designed
monolithic thin-film
chip. And mounting
them in TO-99 can with
high resistivity glass
insulation and a guard
pin connected to it.
So you can minimize
surface leakage cur-
rents, power supply
induced input noise,
and capacitive pickup.
You can evaluate a
package of five AD523’s
at the hundred piece

price if you order right
NOW.

You can see all the
things we make to solve
more of your problems
better than anyone else
by sending for our 1972
Product Guide.

Analog Devices, Inc.,
Norwood, Mass. 02062.
Tel. (617)329-4700.

ANALOG
DEVICES
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Cover photo, courtesy of International
Rectifier Corp., El Segundo, Calif.,
shows the company’s new 50A, 20V
Schottky diode. For details on the de-
vice, see story on p. 54.
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Everybody wants your
components business.

But were doing
6 things to earn it.

Better components. From

ER through industrial, from

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

on all counts.
Z extra reliability costs you no
more. The fact that we’ve be-
come the country’s largest supplier
of metal film resistors says clearly
that we're more than just
competitive.

Better prices. And this

Better delivery. Our dis-

tributors can give you off-

the-shelf delivery from an
inventory of over 50,000,000

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

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

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

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

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

Better new products. Our

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

Better support. We've built

the largest technically-

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

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

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

CORNING

ELECTRONIES

Resistors & Capacitors

for guys who cant stand failures
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The first 4-channel programmable op amp. With more application
possibilities than we could possibly list on this page.

HA-2400/2404/2405
Take a good look at this new linear
building block. It's unique and so
versatile we keep discovering more
and more applications for it.

Each PRAM contains four
preamplifier sections, one of which
is selected through the DTL/TTL
compatible inputs and connected to
the output amplifier. The selected
analog input terminals and the output
terminal form a high performance
operational amplifier for just about any
use you can dream up. And we hope
you'll dream up some. If you do, send
them along to us and we'll see what we
can dream up by way of a reward.

Features.
Offset current
Voltage gain

Slewrate

Av = +1 +15V/us
Av=+10 +50V/us
Gain Bandwidth Product

Av = +1 8MHz
Av=+10 40MHz

DTL/TTL compatible
0°to +75°C

—25°Cto +85°C
—55°Cto+125°C

5nA
150K

100-999 units
$10.45
$15.95
$23.65

For more detailson the PRAM contact
your Harris representative or
distributor.

FUNCTIONAL DESCRIPTION

GND
BANDWIDTH]
CONTROL
el —

Amplifier, non-inverting
programmable gain

Analog multiplexer
with buffered input and output

Integrator/ramp generator
with initial condition reset

More challenges:

The foregoing diagrams show just
three of many applications we've
designed using the PRAM. The
following lists other possibilities we
haven't had time yet to prove out. Why
don't you try your hand at designing
them or any other ideas you come up
with, and send them to:

E. Fernandez

P.O. Box 883

Melbourne, Florida 32901.

Ato D converter, Dual Slope
Integrating

Active Filter, State Variable Type with
Programmable Frequency and/or
Programmable “Q"

Amplifier with Programmable D.C.
Level Shift

Chopper Amplifiers

Crossbar Switches

Current Source, Programmable

F.M. Stereo Modulator

F.S.K. Modem

Function Generators, Programmable
Gyrator, Programmable

Monostable Multivibrator,
Programmable

Multiplier, Pulse Averaging
Peak Detector with Reset

Resistance Bridge Amplifier/
Comparator with Programmable
Range

Sense Amp/Line Receiver with
Programmable Threshold

Spectrum Analyzer, Scanning Type

HARRIS
SEMICONDUCTOR

A DIVISION OF HARRIS-INTERTYPE CORPORATION

P.O. Box 883, Melbourne, Florida 32901
(805) 727-5430

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

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

Wayne, Pennsylvania (215) 687-6680; Palos Heights, Illinois (312) 597-7510; Melbourne, Florida (305) 727-5430; Palo Alto, California (415) 321-2280; Norwalk, Connecticut (203) 853-3646;
Washington, D.C. (202) 337-4914; Dallas, Texas (214) 231-9031; Scottsdale, Arizona (602) 946-3556; Long Beach, California (213) 426-7687
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Editorial

What kind of an engineer are you?

Engineers, like just about everything else, come in an almost endless variety.
There are long ones, short ones, heavy ones, thin ones, black ones, white ones,
and on and on. There are even, unfortunately, good ones and bad ones. And we
say unfortunately because it would be nice if all engineers were good at their
jobs.

What is it, though, that makes an engineer either a good one or bad one? We
would be presumptuous if we tried to answer the question on an absolute basis,
of course. But based on our observations over the years, we offer the following
profile of a good engineer:

He's very competent technically, having a thorough grounding in engineering
fundamentals and modern technology. But he’s willing to keep learning, be-
cause he realizes the inexorable nature of technological change.

He’s innovative in his approach to design problems, not being satisfied with
the obvious or traditional tack. But he’s not frivolous or wasteful in his efforts.

He’s thorough, from the start to the finish of any project, paying careful atten-
tion to all facets of a design effort, not just those that he likes the best. But he
doesn’t get bogged down in details or lose perspective —he finishes projects on
time.

He’s cautious in specifying and using new devices and equipment. But he's
not afraid to stick his neck out and apply state-of-the-art products where he feels
they’re appropriate.

He’s dedicated to engineering and its goals, rewards and accomplishments.
But he realizes there is more to life than just engineering, and as a result he has
well-rounded interests.

And last, but not least, he realizes that engineering as a profession has prob-
lems and limitations, particularly in times like these. But he doesn’t waste his
time bad-mouthing the profession or bemoaning his fate.

There it is then: Our profile of a good engineer. How do you stack up?

Sk Gane

EDITOR



Great buy for the money:

The Heinemann Type B

time-delay relay.

Its continuous-duty coil
and 5-amp contact capacity
could spare you the need
for a separate load relay.

The continuous-duty coil enables the
relay to remain energized indefinitely
after actuation. If the load to be
switched can be handled by SPDT or
DPDT contacts of up to 5-amp
capacity (125V or 250V AC or 30V DC,
resistive), you can get by very nicely
without a load relay.

The Type B is definitely in the
moderate-price category, yet it isn’t
cheaply built. It has enclosed snap-
‘action contacts of gold-plated fine
silver, a vibration-resistant balanced

armature and, of course, a Heinemann

hydraulic-magnetic delay element.
The Type B is one of five models

in our Silic-O-Netic® time-delay relay

line. All are available in any of sixteen

standard timings, from ¥4 second

to two minutes, with any of nine 60Hz

AC or DC coil voltage ratings. Our

Bulletin 5006 will give you full

technical data. Yours for the asking,

of course. Heinemann Electric Co.,

2626 Brunswick Pike, Trenton,

N.J. 08602

HEIiNEMANN
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fast!

Helipot delivers
voitage regulators...

Pick an off-the-shelf voltage regulator from Helipot
for your application.

DC Voltage Regulators Fully sealed, miniature hybrid cermet thick-film devices:

Series Output Voltage Output DC Line and Price
No. Fixed | Adj bl Range (VDC) Current Load Regulation (1-9)
801 X +9to +21 Up to 0.5 amp +0.05% $30
802 X o 35
851 X =8 to ~ 21 30
852 X e 35
803 X +2110 +32 30
804 X +20 to +32 35
858 X ~21 to —32 30
854 X —=2010 —32 *+0.05% 35
805 X +3to +9 *0.1% 30
806 X . 1 35
855 X -3to —9 i 30
856 X 1 Up to 0.5 amp H 35
807 X +30 to +60 0.150 amp +0.06% at —20° to +125°C

+0.1% at —55° to —20°C 30
808 X +60 to +120 0 " 30
809 X +510 +28 0.75 amp 0.0083%/mA 8.95
859 X ~510 —28 i . 8.95
828A X +5t0 +30 | 500 mA Line: £0.01%/V
Load: +£0.01% 50
838A X —5to —30 " » 50
844 Dual Line: +0.005%/V
+12to 20 0.3 amp Load: #0.005% 20

CIRCLE NO. 11

Low Cost Series 809 and 859

voltage regulators are small (1” x 0.5”
x 0.170” high), complete, fully sealed
and compatible with flat pack and dual-
in-line packaging. The 809 and 859
circuits consist of a series pass stage,
an error amplifier with built-in refer-
ence, and a precisely adjusted output
voltage sense divider. In addition to
being complete voltage regulators, the
Series 809 and 859 have the following
add-on capabilities: current limiting,
load capability to over 10 amps, and
adjustable output.

For off-the-shelf voltage regulators,

call your local Helipot Sales Represen-
tative today.

==Y 33 F-1a M (NSTRUMENTS, INC.

HELIPOT DIVISION
2500 Harbor Blvd,, Fullerton, Colif, 92634



NBS breakthrough yields frequency
measurements at 88 THz

Scientists at the Boulder, Colo. facility
of the National Bureau of Standards
have successfully measured the abso-
lute frequency of a helium-neon (infra-
red) laser. This, according to Dr. Lewis
M. Branscomb, the Director of NBS,
will have far-reaching effects for space
scientists, astronomers and physicists.

The measured frequency was found
to be 88,376,245,000,000 Hz, which
is only a factor of five lower in frequen-
cy than visible light. How significant
this achievement really is was explain-
ed by Dr. Branscomb: “‘Ever since Al-
bert Einstein showed that time can be
considered the fourth dimension of the
space in which we live, scientists have
looked forward to the possibility of
using one gage —one ‘yardstick’ so to
speak —not only for the three dimen-
sions of space but for the fourth di-
mension of time as well. To inter-
change clocks and rulers scientists
must know the speed with which light
travels, which is equal to its wave-
length times its frequency. With this
demonstration that both the space
(wavelength) and time (frequency) di-
mensions of a single light source can
be measured with prodigious accuracy,
this goal is now within our grasp.

Major benefits forecast

““A 30-fold more accurate determi-
nation of the speed of light should be
possible,”” Branscomb said, “suggest-
ing that this universal constant of na-
ture might some day be assigned an
arbitrary number, with only cie stan-
dard used for both length and time
measurement.”’

“Many . . . groups will benefit di-
rectly from this breakthrough,” Dr.
Branscomb continued, ““and all of us
will benefit indirectly. Manufacturers
should achieve finer accuracy in their
instruments and other precision equip-
ment. Environmental scientists will find
that improved control of precisely
tuned lasers will permit new progress
in the study of minute quantities of
pollutants.”

Three other lasers —hydrogen cyanide (R), water vapor (under Dr. K. M. Evenson’s chin)
and CO, (not shown)—formed the chain used to link the NBS frequency standard to the

He-Ne laser whose frequency was measured.

This highest frequency measurement
yet made by man represents a 100-fold
increase in the span of frequency mea-
surements over the last 4 years. Prior
to this measurement, frequencies this
high had to be calculated by dividing
the speed of light by the measured
wavelength. However, frequency-mea-
suring techniques are more than
10,000 times more accurate than wave-
length-measuring techniques.

Development and accurate measure-
ment of superstable laser oscillators at
frequencies approaching those of visi-
ble light—about one million times
higher than the frequencies now used

in FM radio and TV —opens up possi-
bilities for a whole new frequency
range for telecommunications, an in-
crease of 200-fold over currently-
employed frequency bands.

In the past, the most accurate speed-
of-light measurement was made by
measuring the wavelength and fre-
quency of relatively low-frequency
radio waves. The measurement of
wavelength, an essential step in the
procedure, was limited at these low
frequencies to an accuracy of some
300 parts per billion. At high infrared
frequencies, however, the measure-
ment of wavelength will be limited

Large physical size of the lasers used for the measurement breakthrough is evident in this
lengthwise view toward the end at which their output is focussed on the metal-contact
detector.

EDN/EEE MARCH 1,
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only by the accuracy of the length
standard itself (about 10 parts per bil-
lion). Thus, a 30-fold increase in the
accuracy of the speed of light should
be attainable.

The frequency measuring technique
developed by NBS scientists K. M.
Evenson, J. S. Wells, G. W. Day, and
L. O. Mullen is quite similar to that
used in the input stages of a common
radio receiver. The He-Ne laser fre-
quency (wavelength of 3.39 um) is
measured by using a specially con-
structed metal-contact ““detector’” as a
harmonic generator and mixer. The

detector multiplies accurately-known
lower frequencies (from other lasers
and microwave generators) to obtain
a signal that is approximately equal to
the unknown frequency being mea-
sured. The same detector then mixes
in the unknown frequency, and pro-
duces a signal equal to the difference

" between the unknown and known

frequencies. This low frequency dif-
ference (of a few million hertz) is
then measured using well established

methods.
The detection device that accom-

plishes this harmonic generation and

Feedforward amplifier technique
reduces noise and increases usable bandwidth

An old circuit design technique, feed-
forward correction, is the subject of
renewed interest thanks to recent ex-
periments conducted at Bell Telephone
Laboratories.

The technique, originally advanced
in 1924, may hold the key to reducing
distortion and substantially increasing
the message-carrying capacity of future
microwave radio-relay and coaxial-
cable communications systems. The
recent experiments were carried out
by Harold Seidel, working at different
times with Henry R. Beurrier, Charles
H. Bricker, and Allen N. Friedman of
Bell Labs, Murray Hill, N. J.

Feedforward differs from the more
conventional feedback technique in
that an amplifier is not required to re-
process or recirculate a signal once it
has passed through the system. It is
this “loop-gain”’ of the reprocessed
signal in the feedback amplifier that
sets a limit on stability and requires
very large device bandwidths.

The feedforward technique which
permits engineers to design amplifiers
in which the output signal and a sam-
ple of the input signal can be com-
pared and corrected repeatedly to any
desired degree of accuracy, is said to
have three main advantages over con-
ventional feedback:

1. It does not substantially reduce
amplifier gain.

2. Gain-bandwidth is consumed
entirely within the band of interest.

3. It is independent of the magni-
tude or shape of the amplifier delay.

The technique uses two parallel

wavepaths—one for the main signal
and one for the error signal. The main
path includes one or more signal am-
plifiers and operates in the normal
manner. The error-signal path accumu-
lates the error components (noise and
distortion) that develop in the signal
traveling along the main path. Errors
carried on the second path, synchro-
nous with the first, can be injected into
the main signal to cancel the error

components in the main signal.

In the first experiment with a vhf
amplifier in 1968, a 108-dB dynamic
range was obtained. More recently, in
a second experiment, feedforward con-
trol was applied to a high-performance,
baseband, feedback amplifier used in
carrier systems. With the addition of
feedforward control, all intermodula-

mixing physically resembles a micro-
scopic version of the catwhisker diode
used in the early days of radio. Only
one ten-thousandth of an inch in di-
ameter, the sharpened tungsten-wire
catwhisker touches a nickel surface to
form the detector, and the whisker wire
itself is the antenna for the radiation.

One of the team of scientists, Dr.
K. M. Evenson, noted that while some
of the lasers used for the breakthrough
are large in physical size, their power
output is in the 100 milliwatt region.
Thus, working with them does not pose
any great hazard to personnel.

tion distortion products in this ampli-
fier were reduced by about 40 dB over
the entire range of 0.5 to 20 MHz.

In the third experiment, feedforward
was applied to a traveling-wave tube,
such as that used in the TD3 micro-
wave radio system. The laboratory
setup produced greater than a 40-dB
intermodulation reduction over a 20-
MHz channel at 4 GHz, using a single
correction stage, and more than 50 dB
using a second stage.

Circuit complexity in the latter two
demonstrations was roughly double
that of a conventional amplifier, but
integration methods available at both
vhf and microwave frequencies sug-
gest that there will be no major diffi-
culty in accommodating much of this
increased hardware.

SIGNAL
AMPLIFIER
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DELAY
SIGNAL PATH —r circult
OUTPUT
INPUT
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ERROR I
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ERROR
AMPLIFICATION
AMPLIFIER

In the feedforward system, the input signal is divided into two paths by the input coupler.
The error, or reference, signal is then delayed an amount of time roughly equal to the transit
time through the signal amplifier. This delayed reference is compared to the output of the
amplifier in the error-determining coupler to determine the error signal. The error is then
removed from the main signal in the error injection coupler, after necessary amplitude,

and time changes have been made.



IEEE-INTERCON technical sessions feature over 275 papers

at Booth 1532. There will be an editor there at all times.

Are you going to New York this month for IEEE’s annual
get-together —this year called IEEE-INTERCON? To help
you decide, here is the technical program subdivided into

technical specialities.

If you will be at the Show, be sure to stop in and see us

Stop by, get acquainted and maybe we can even talk you
into writing a technical article for publication. Even if we
can't, it's a good opportunity for editors and readers to get
together and exchange ideas.

Technical papers are grouped under the following categories:

Communications
Components
Computers

Displays

Instrumentation
Microelectronics

Microwaves
Optoelectronics
Process Control

COMMUNICATIONS
Monday—2:00 PM to 4:30 PM

CATV Network via Satellite, |. V.
Charyk, Comsat Corp.

CATV —Subscriber, Supply and De-
mand, H.]. Schlafly, Teleprompter
Corp.

CATV and Regulation, D. Burch, FCC,

Video Conferencing, A.D. Williams,
J. Duncanson, Bell Telephone Labo-
ratory.

New Techniques in Connection with
the Use of Cable and Home TV to
Revolutionize  Communications,
W.F. Mason, Mitre Corp.

Transmission of a Holomicrogram
Over a Limited Telemetry Chan-
nel, RF. van Ligten, J.A. Levitt,”
J.T. Winthrop, American Optical
Corp.

Monday—2:30 PM to 5:00 PM

Electronic Map Compilation, P.
Rosenberg, Paul Rosenburg As-
sociates.

Electronic Multiimage Analog Digital
Processor and Color Display, R.K.
Moore, P.N. Anderson, G.W. Dalke,
R.M. Haralick, G.L. Kelly, Univer-
sity of Kansas.

Tuesday —9:30 AM to 12 Noon

Control and Communication Systems
for Personal Rapid Transit Vehi-
cles, T. Trexler, Bendix Systems
Div.

Hybrid-Circuit Applications in Port-
able Communications Equipment,
M.L. Topfer, Motorola Inc.

Tuesday—9:30 AM to 12 Noon
Control and Communication Sys-
tems for Personal Rapid Transit
Vehicles, T. Trexler, Bendix Sys-
tems Div.
Hybrid-Circuit Applications in Port-
" able Communications Equipment,
M.L. Topfer, Motorola Inc.

Tuesday —2:00 PM to 4:30 PM
Canadian Data Communications,
" W. J. Inkster, Bell Northern Re-

search.

Bell System Data Transmission Plans
in the U.S., P. E. Muench, AT&T.

Serendipity of Digital Communica-
tions, C. R. Fisher, Datran.

Western Union Data Transmission
Planning, ). E. Cox, Western Union
Telegraph Co.

Plans for the Japanese Domestic
Satellite System, F. lkegami, S.
Morimoto, Nippon T&T Public
Corp.

Canadian Domestic Satellite Com-

munication System, |. Almond,
Telesat Canada.

Regional Communication Services
via Intelsat Satellites, ). L. Dicks,
Comsat Corp.

A Systems Approach to City Com-
munications, R. P. Gifford, Gen-
eral Electric.

Community Reaction to Communica-
tions Technology, G. Heningburg,
Newark Urban Coalition.

Tuesday —2:30 PM to 5:00 PM

Communications  Applications  of
Minicomputers, T. C. Stockebrand,
Digital Equipment Corp.

Wednesday —9:30 AM to 12 Noon

Mobile Communications for Urban
and Interurban Use, . Engel, BTL.

Wednesday —2:00 PM to 4:30 PM

900 MHz— A New Horizon in Land
Mobile Communications, a Panel
Discussion. Panelists: M. Cooper,
Motorola Inc. H. A. Jones, RCA.
G. R. Peterson, General Electric.
R. E. Spence, FCC. |. B. Keane,
AT&T.

Algorithmic Formulation of Com-
munication Problems, M. Schwartz,
Polytechnic Institute of Brooklyn.

Thursday —10:30 AM to 12 Noon

High-Power CW Gunn Oscillator for
Communication Applications, A. L.
Reynolds, ITT.

Microwave Technology in Gigabit
PSK Modulation and Demodulation
for Communication, C. L. Cuccia,
Philco-Ford.

A 19-GHz Transmitter and Receiver
for Experimental High-Speed Digi-
tal Transmission, W. ). Schwarz,
R. W. Kordos, R. W. Judkins, BTL.

Technological Considerations for
High-Speed Digital Radio Repeater,
R. D. Silverthorn, Bell-Northern
Research.

COMPONENTS
Monday —2:00 PM to 4:30 PM

Miniaturized Active RC Filters, G. S.
Moschytz, Swiss Federal Institute
of Technology, C. F. Kurth, BTL.

Miniaturized Crystal Filters, D. F
Sheahan, GTE Lenkurt Electric Co.

Miniaturized Digital Filters, S. A
White, North American Rockwell
Microelectronics Co.

Tuesday —9:30 AM to 12 Noon

Precision Thick-Film Resistors for
High-Voltage Dividers, ). E. Turn-
baugh, Tektronix, Inc.

A High-Performance, Thick-Film At-
tenuator, T. Zanborelli, A. Antes,
Hewlett-Packard.

Wednesday —2:00 PM to 4:30 PM

Latching Ferrite Technology, |. Pip-
pin, Electromagnetic Sciences, Inc.

Recent Advances in Ferrite Limiters,
R. Kalvaitis, H. S. Maddix, Varian
Associates.

Tailoring Ferrites for Microwave De-
vices, R. G. West, A. C. Blanken-
ship, Trans Tech Inc.

Thursday—9:30 AM to 12 Noon

Linear Wide-Band Amplifers Using
Transferred Electron Devices, B. S.
Perlman, C. L. Upadhyayula, RCA.

Transmission-Type ADAs, T. A. Mid-
ford, H. C. Bowers, Hughes.

Turnable Locked ADOs, S. F. Paik,
C. W. Lee, Raytheon Co.

Thursday —10:30 AM to 1:00 PM

Solid Aluminum Capacitors, F. R.
Kunnen, N. V. Philips.

COMPUTERS

Monday —9:30 AM to 12:00 Noon

Memory Hierarchies —Fact and Fic-
tion, R. L. Mattson, IBM.

Applications of Program Modeling to
Hierarchies, P. |. Denning, Prince-
ton University.

Memory Hierarchies: Economic Con-
siderations and Future Prospects,
W. R. Beam, Consultant.

Hardware/Software Interfaces, |.
Mekota, B. Rosenbaum, Honeywell.

Monday—2:00 PM to 4:30 PM

Computer Television - What Works
and What Doesn’t Work, P. Klein,
Computer Television Corp.

Microprogram Control for Minicom-
puters, W. H. Roberts, Consultant.

The Wide Range of 1/O Capabilities
in a Microprogrammed Minicom-
puter, T. Mulder, D. Savitt, Micro-
data Corp.

Microprogramming — Real  Applica-
tions in Minicomputers, D. Arch-
dale, Interdata, Inc.

Monday—2:30 PM to 5:00 PM

Computer-Controlled Stereo Plotters
for Mapping Purposes, U. V. He-
lava, Bendix Research Labs.

Geographical Information Retrieval
System, J. L. Pfaltz, University of
Virginia.

Tuesday —9:30 AM to 12 Noon
Computer Control of Urban Vehicu-
lar Traffic; A. Cimento, Sperry

EDN/EEE MARCH 1,

Rand.

User Requirements for Large-Capa-
city Memories, |. Jaffe, IBM.

Optical Mechanical Design Param-
eters for a Laser Recorder Mass
Memory, B. French, Precision In-
strument Co.

Holographic Optical Memory, R. D.
Lohman, RCA Labs.

Design of an Optical Disk Memory,
J. Aseltine, Oranic Memories, Inc.

Masstape — A Systems Approach to
Mass Storage, D. G. Ronkin, |.
Haines, Grumman Data Systems.

Tuesday —2:00 PMto 4:30 PM

The Cost of Developing Software, a
Panel Discussion. Panelists: R. W.
Wolverton, TRW; V. La Bolle, Dept.
of Water and Power; T. E. Climis,
IBM; R. E. Merwin, Safeguard Sys-
tems Office.

Tuesday —10:30 AM to 1:00 PM

The Minicomputer as a Subsystem
Component, L. Seligman, Data
General Corp.

Simple Processors: The Interface Link,
S. Mintz, Hewlett-Packard.

Interfacing the Minicomputer in
Dedicated Industrial Applications,
P. Secoolish, D. E. W. Archdale,
Interdata, Inc.

Tuesday—2:30 PMto 5:00 PM
Evaluation of Software for Industrial

Minicomputer Applications, M.
Mensh, Foxboro Co.
Applications of Minicomputers in

Signal Processing, T. Storer, Time
Data Corp.

Minicomputers Applied to Computer-
Aided Design, G. D. Hornbuckle,
Applicon Inc.

Wednesday —9:30 AM to 12:00 Noon

Core Memories in the '70s, A. L.
Friedman, Electronic Memories and
Magnetics.

MOS Storage — A Revolution in Main
Memory, G.. Moore, Intel Corp.

Bipolar Memory—The Technology
for the Future, ). Ricci, Intersil
Corp.

A Surface Acoustic-Wave Digital Re-
circulating Memory, H. Matthews,
Sperry Rand.

Data Processing for Earth-Resource
Sensors, P. Wintz, Purdue Univer-
sity.

Processing of Scientigraphic Bio-
medical Images, D. Chesler, Massa-
chusetts General Hospital.

Trends for Small Systems, K. H. Olsen,
Digital Equipment Corp.

Trends in Large Systems, ). Bertram,
IBM.
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Wednesday — 2:00 PM to 4:30 PN

Effects of Computers and Automa-
tion, E. Katzenbach, Nova Uni-
versity.

Problem-Oriented Computer Lan-
guages, a Panel Discussion. Panel-

ists: ). Sams, IBM; S. Fenves, ).
Moline,  University of Illinois,
D. Roos, M.I.T.

Some Developments in the Digital
Processing of Images and SOUND,
T. G. Stockham, Jr., University of
Utah.

Linear Programming Methods in the
Design of Digital Filters, L. Rabiner,
BTL.

Wednesday — 10:30 AM to 1:00 PM

Economic Analysis of Computer-Con-
trolled Test Systems, or Items the
Supplier Failed to Mention, R. G.
Rogers, General Radio Co.

Software Considerations in Auto-
matic Test System Integration, R. E.
Colgan, RCA Electromagnetic.

The Computer in the Environmental
Test Lab, C. L. Heizman, Time/Data
Corp.

Plug-in Measurements Come to the
Computer, R. P. Anderson, General
Radio Co.

Wednesday —2:30 PM to 5:00 PM

Building High-Performance Memory
Systems with Dynamic MOS Mem-
ory Components, G. Larkin, Ad-
vanced Memory Systems, Inc.

Applications for OCS/MOS Mem-
ories, ). R. Oberman, RCA.

Static and Dynamic Control Memory
in  Microprogrammed Minicom-
puters, R. Genke, Interdata, Inc.

A Case for Intelligent Memories, W.
Brunna, D. Duckman, Electronic
Memories, Inc.

Thursday—9:30 AM to 12:00 Noon

Throughput Analysis in Serial Pro-
cessing, G. Amdahl, Amdahl As-
sociates.

Multiprocessors with Shared Re-
sources, M. J. Flynn, Johns Hopkins
University.

Second Thoughts on Parallel Pro-
cessors, J. Shore, Naval Research
Lab.

Multistream Processors — An Example
and Some Further Thoughts, W. |.
Watson, Texas Instruments Inc.

DISPLAYS

Tuesday—9:30 AM to 12:00 Noon

A Survey of 3D Displays, ). F. Butter-
field, Stereotronics Television.

Three-Dimensional Displays Based
upon the Sequential Excitation of
Fluorescence, C. M. Verber, Bat-
telle Columbus Labs.; J. D. Lewis,
Battelle Development Corp.; R. B.
McGhee, Ohio State University.

A Computer-Generated Holographic
3D Display, J. D. Lewis, Battelle
Development Corp.; R. B. McGhee,
Ohio State University; ). R. Shewell,
Battelle Columbus Labs.

Tuesday—2:00 PM to 4:30 PM

Liquid Crystals — An Overview, G. H.
Heilmeier, Office of the Director
of Defense; A. Sussman, RCA Labs.

Display Applications of PLZT Ferro-
electric Ceramics, ). R. Maldonado,
BTL.

Light-Emitting Diodes, M. R. Lorenz,
IBM.

Phosphors for Display Applications,
J. D. Kingsley, General Electric.

Photochromics for Information Dis-

play, G. K. Megla, Corning Glass
Research Labs.

Low-Loss Optical Glasses for Optical
Fiber Waveguides, A. D. Pearson,
BTL.

INSTRUMENTATION
Monday—2:00 PM to 4:30 PM

Portable Visual Performance Instru-
mentation, P. W. Davis, Dept. of
Transportation.

Tuesday—10:30 AM to 1:00 PM

Building a Marketing Organization in
the Systems Business, ). A. Prest-
ridge, Teradyne, Inc.

Building a Marketing Organization in
the Instruments Business, P. Ma-
calka, General Radio.

Wednesday — 10:30 AM to 1:00 PM

Plug-in Measurements Come to the
Computer, R. P. Anderson, General
Radio Co.

Measuring Transfer Functions Using
Noise, P. Roth, Hewlett-Packard.
Computers in Instrumentation — Mea-
suring the Unmeasurable, L. A.

O’Neill, BTL.
Wednesday —2:30 PM to 5:00 PM

Digital Testers: What'’s Available? At
What Cost? Who Needs Them?
S. Sampson, BTL.

How to Talk to a Digital Tester: Is
There a Universal Language?, S. D.
Sadtler, Jr., Hewlett-Packard.

Automatic Test-Program Generation:
What It Is; Where To Get It; How
To Use It, R. McClure, C. Oualline,
Telpar Corp.

Thursday —10:30 AM to 1:00 PM

Comparison of Techniques for Test-
ing Hybrid Electronics Circuits,
P. Jackson, Instrumentation Engi-
neering.

Techniques for Single-and Multiple-
Fault Analysis of MSI Digital Logic
Arrays, R. Wooster, Western Elec-
tric.

MICROELECTRONICS
Monday—9:30 AM to 12:00 Noon

A’ Micropower Phase-Locked Loop,
G. W. Steudel, RCA.

Triple-Diffused Vertical p-n-p Adds a
New Dimension to Complementary

*Micropower Integrated Circuits,
W. R. Harden, R. C. Gallagher,
D. W. Williams, Westinghouse.

Computer-Aided Design of Digital
Integrated Circuits, R. Rohrer, Sof
Tech Inc.

Monday —2:30 PM to 5:00 PM

Microelectronics Environmental Con-
trol, L. C. Rogers, Motorola Semi-
conductor.

Tuesday —2:00 PM to 4:30 PM
lon Implantation Equipment for Semi-
conductor Processing, S. Harrison,
KEV Electronics Corp.

lon Implantation and Radiation—
Enhanced Diffusion in Semicon-
ductors, ). F. Gibbons, Stanford
University.

Applications of lon Implantation to
Semiconductor Manufacturing, R. .
Paluck, Mostek Corp.

Tuesday —2:30 PM to 5:00 PM

How to Jump into MOS Without
Drowning, E. Berezin, Redactron.
A Test System for Detecting and Iso-
lating Faults on Four-Phase MOS/
LSI Printed-Circuit Boards, D. Par-

ker, National Cash Register Co.

MOS IC Reliability Considerations,
G. L. Schnable, RCA.

Monolithic  Gating-Circuit Tech-
niques for Power Control, A. P.
Ferro, J. D. Harnden, J. R. Mullaly,
D. L. Watrous, General Electric.

Power Hybrid Circuit Technology
and Applications, S. W. Lefcourt,
J. C. Pilecki, RCA.

High-Power Hybrid Control Circuits,
B. J. Bixby, L. R. Carver, D. Cooper,

International Rectifier Corp.
Wednesday —9:30 AM to 12:00 Noon

MOS Storage — A Revolution in Main
Memory, G. Moore, Intel Corp.
Bipolar Memory—The Technology

for the Future, ). Ricci, Intersil
Corp.

Trends in Semiconductors, R. Noyce,
Intel Corp.

Partitioning D/A Converter Circuits
for Implementation in Monolithics,
R. Stata, Analog Devices, Inc.

The Impact of Precision Large-Scale
D/A ICs on A/D/A Converter De-
sign, M. B. Rudin, Precision Mono-
lithics, Inc.

Wednesday —10:30 AM to 1:00 PM

Microwave Integrated Circuits—An
Overview, F. Sterzer, RCA.

A Perspective on Lumped vs. Distrib-
uted Microwave Integrated Cir-
cuits, O. Pitzalis, Jr., U.S. Army
Electronics Command.

Application of Bulk Semiconductor
Control Components to Microwave
Integrated Circuits, A, Armstrong,
P. E. Bakeman, W. C. Taft, R.P.I.

Packaging of Microwave Integrated
Circuits for Systems Applications,
R.J. Bauer, Westinghouse.
Wednesday —2:30 PM to 5:00 PM

Building High-Performance Memory
Systems with Dynamic MOS Mem-
ory Components, G. Larkin, Ad-
vanced Memory Systems, Inc.

Applications for COS/MOS Memo-
ries, J. R. Oberman, RCA.

Thursday —9:30 AM to 12:00 Noon

Computer Aids in the Layout of Large-
Scale Integrated Circuits, |. Schis-
cha, B. Wilner, IBM.

Benefits and Problems of CAD in IC
Layout, M. M. Goldman, Motorola
Inc.

Interactively Aided IC Layout with a
Minicomputer System, F. K. Rich-
ardson, Applicon, Inc.
MICROWAVES AND LASERS
Monday —2:30 PM to 5:00 PM

High-Speed Laser Trimming of Film
Resistors, T. Chandler, Teradyne,
Inc.; R. Lawler, Boeing.

Laserscribing —The Modern Way To
Separate Semiconductor Die, H. P.
Manley, Quantronix Corp.

Perforating Rubber with a CO:2 Laser,
R. Scherer, Photon Sources.
Wednesday —2:00 PM to 4:30 PM

Latching Ferrite Technology, |. Pip-
pin, Electromagnetic Sciences, Inc.

Recent Advances in Ferrite Limiters,
R. Kalvaitis, H. S. Maddix, Varian
Associates.

Tailoring Ferrites for Microwave De-
vices, R. G. West, A. C. Blanken-
ship, Trans Tech Inc.

Wednesday — 10:30 AM to 1:00 PM

Microwave Integrated Circuits —An
Overview, F. Sterzer, RCA.

Why Not Stripline?, H. Howe, Jr., Mi-
crowave Associates Inc.

A Perspective on Lumped vs. Distri-
buted Microwave Integrated Cir-
cuits, O. Pitzalis, Jr.,, U.S. Army
Electronics Command.

Application of Bulk Semiconductor
Control Components to Microwave
Integrated Circuits, A. Armstrong,
P. E. Bakeman, W. C. Taft, R.P.I.

Packaging of Microwave Integrated
Circuits for Systems Applications,
R. J. Bauer, Westinghouse.
Wednesday —2:30 PM to 5:00 PM

The Application of Cylindrical Ar-
rays to Microwave Landing Guid-
ance Systems, R. Kalafus, U.S.
Dept. of Transportation.

A New Cylindrical Electronic Scan
Antenna for Air Traffic Control,
P. W. Hannan, J. H. Gutman, R. .
Giannini, Hazeltine Corp.

Application of the Doppler Scanning
Beam Concept to Microwave Land-
ing Systems, H. W. Redlien, Hazel-
tine Corp.

Cost Effective Microwave Systems for
Railroad and Automobile Safety
Applications, J. B. Hopkins, F. R.
Holmstrom, U.S. Dept. of Trans-
portation.

A Millimeter-Wave Sensor and De-
tector for Clear-Air Turbulence,
G. G. Haroules, W. E. Brown, G. W.
Wagner, U.S. Dept. of Transporta-

tion.
Thursday — 10:30 AM to 1:00 PM

Linear Wide-Band Amplifiers Using
Transferred Electron Devices, B. S.
Perlamn, C. L. Upadhyayula.

Transmission-Type ADAs, T. A. Mid-
ford, H. C. Bowers, Highes.

Tunable Locked ADOs, S. F. Paik,

C. W. Lee, Raytheon Co.
Thursday —9:30-AM to 12:00 Noon

High-Power CW Gunn Oscillator for
Communication Applications, A. L.
Reynolds, ITT.

Microwave Technology in Gigabit
PSK Modulation and Demodulation
for Digital Communication, C. L.
Cuccia, Philco-Ford.

A 19-GHz Transmitter and Receiver
for Experiemental High-Speed Di-
gital Transmission, W. ]. Schwarz,
R. W. Kordos, R. W. Judlins, BTL.

Technological Considerations for
High-Speed Digital Radio Repeat-
er, R. D. Silverthorn, Bell-Northern

Research,
OPTOELECTRONICS
Monday—2:00 PM to 4:30 PM

Hybrid Optical Processing, A. Van-
der Lugt, Radiation, Inc.

Transmission of a Holomicrogram

Over a Limited Telemetry Channel,

R. F. van Ligten, J. A. Levitt, J. T.

Winthrop, American Optical Corp.

Tuesday— 10:30 AMto 1:00 PM

Characterization and Application
of Photoconductors —A Practical
View, ). G. Rabinowitz, Clairex
Electronics.

New Light-Emitting Devices, K. Law-
ley, Monsanto Co.

Display Circuits That Reduce User
Cost, L. Pond, Sperry Rand Corp.

Liquid Crystal Displays Can’t Be

THAT Good!, G. Leffer, Optel Corp.
Wednesday —9:30 AM to 12:00 Noon

Silicon Imaging Devices, R. W. Red-
ington, General Electric.

Negative Electron Affinity Imaging
Tubes, E. D. Savoye, F. R. Highes,
R. E. Simon, RCA.

A Silicon-Diode-Array Camera Tube
with Electronically Controllable
Responsivity, E. H. Stupp, B. Singer,
J. Kostelec, M. H. Crowell, North
American Philips Corp.

Recent Advances in Charge-Coupled
Imaging Devices, W. |. Bertram,
D. A. Sealer, C. H. Sequin, M. F.
Thompsett, BTL.

PROCESS CONTROL

Monday —2:00 PM to 4:30 PM

The Role of Cycloconverters in Solid-
State Power Conditioning for AC
Drives, W. S. Chow, ). D. Duck-
worth, G. Hausen, ). A. I. Young,
Canadian General Electric.
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Our new 9616 EIA triple line driver
provides simple, low-cost solutions to EIA
applications. Our new 9617 EIA triple

line receiver completes the set.

Our new 9616 Driver and 9617 Receiver meet all
EIA-232-C/CCITT V.24 specs. And more. Together
they provide the simplest low-cost solution to

problems at the interface in data terminal
equipment and data communications.

Unlike conventional EIA drivers, which are imple-
mented by a positive NAND funection, our 9616 is
implemented by an And/Or/Invert function. With
this logic configuration, you can perform the
inhibit funetion without any external gating.

In addition, the 9616 incorporates internal slew
rate control. No need for an external capacitor for

each driver. Result: significant savings on board
space, components, assembly.

In meeting RS-232-C recommendations our
9616/9617 feature:

9616 EIA Line Driver

+ All inputs TTL compatible

+ Each driver is output protected

« Symmetrical driver output voltage levels and
current limits

* Supplies are +12V and—12V @ ==10% regulation

9617 EIA Line Receiver

+ 3 to TK € input resistance

+ Inputs protected to ==25V

+ Each Receiver operates in fail-safe mode

+ Controllable slicing or hysteresis operation

+ Individual response pins to increase AC noise
immunity

+ Outputs TTL/DTL compatible

+ +5V supply operation, 5% regulation

Both the 9616 Driver and the 9617 Receiver are

available from distributor stock. Design-in quan-

tities available now; production quantities in late

March. The 9616 @ $4.50 and the 9617 @ $3.50 in

quantities of 100-999.

Other Fairchild Drivers & Receivers
9614 Dual Differential Line Driver
9615 Dual Differential Line Receiver
9620 Dual Differential Line Receiver
9621 Dual Line Driver

9622 Dual Differential Line Receiver
SN75107-108 Dual Line Receivers
SN75109-110 Dual Line Drivers

¢
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COMPARISON OF CONVENTIONAL AND 9616 EIA DRIVERS
Conventional EIA Driver (1) requires external slew rate control

9616 EIA Driver requires neither.
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Analog circuit modules offer
advantages in industrial systems

By using modules, a designer can concentrate on improving his company’s
systems instead of diluting his efforts by extensive circuit design.

Tom Cate, Function Modules Inc.

If you design electronic equipment and systems for indus-
trial use you have three alternatives open to you: design
with discrete components and ICs, design with those plus
analog circuit modules, or buy complete electronic sys-
tems. Today’s economic conditions are a factor, too, for
they practically force you to put economic and marketing
considerations in the forefront.

Three design approaches and how they compare

Designing with discretes and ICs, the first approach,
often leads to minimum material cost for any industrial
circuit. For circuits of modest complexity and perfor-
mance, you just can’t beat the low material cost inherent in
using a few discrete components and some monolithic or
hybrid 1Cs. For example, assume that you need a single-
ended amplifier circuit with 1 kQ input impedance, a
gain of —10, an output range of =10V, and accuracy of
+1%. A single 741 1C op amp with two metal-film resistors
will do an excellent job for the price of approximately $1.

When you get into high-performance. circuits of greater
complexity, though, —such as analog-to-digital converters,
low-drift instrumentation amplifiers and accurate analog
multipliers —the design ball game changes. Here the mate-
rial cost still may be reasonable, but the cost of design
time becomes high and the cost of labor for assembling
and testing these circuits becomes very significant.

One danger inherent in designing complex industrial
circuits from the discrete component level is that your
company will sink too many dollars into reinventing old
circuits.

The second design approach —incorporating discretes,
ICs and analog circuit modules —has growing popularity
among industrial/commercial companies.

Today, many industrial designers are making extensive
use of such analog circuit modules as instrumentation
amplifiers, multipliers, square-rooters, rms-to-dc convert-
ers, log amps, A/D converters, and D/A converters in or-
der to reduce total system-design time. In addition, the
increased market for analog circuit modules has led to
significant breakthroughs in price and performance.

It is often true that the industrial system designer can
buy state-of-the-art performance at very reasonable prices
compared with in-house costs. And, as the companies
making analog circuit modules have grown, their respon-
siveness to customized requirements has also improved.
Standard modules are available today to implement a
wide range of mathematical functions (XY/10, X2/10,
V10X, 10sinX, A log X, etc.). Also, specialized combina-
tions of these modules often can be developed for the in-
dustrial OEM designer.

Although a function module is generally committed to

% A _% = = 2 e =
performing a specific function, such as the conversion of a
signal from one form to another or an operation on an
analog signal, module circuits often can be adapted to re-
lated functions at surprisingly low cost.

The third approach —simply specifying a total elec-
tronics package—has been used successfully by some
industrial systems companies, but it has two big dangers:
First, your ““value added” may not be significant, so your
supplier may bypass you in the future and sell directly to
your customer (for example, some companies making
minicomputers are putting considerable effort into reach-
ing such end-user markets as schools and hospitals). Of
course, if your company’s sales and service organization
dominates the end-user market you may not have to worry
about being bypassed.

The second danger is that you may not end up with a
competitively priced system. You've got the cost of defin-
ing and specifying a complex electronic system, and your
vendor has the expense of designing a customized system
for you. Thus, the approach of buying a complete elec-
tronics system package is most viable where the elec-
tronics portion represents only a small fraction of the total
system cost.

These three approaches to the electronic design of in-
dustrial/commercial systems and equipment are funda-
mentally different, but there is considerable interplay and
overlap. Very often, a number of discrete parts are com-
bined with analog circuit modules, digital IC circuits, and
various pieces of mechanical hardware to be sold as a
customized system to some industrial company. It, in turn,
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combines this with some special packaging and nonelec-
tronic parts to make up a total system package. This total
package is then marketed to the end-users, who may range
from sophisticated researchers to recording studios search-
ing for new effects in rock-music recordings.

As the needs increase for better control of our environ-
ment, for more efficient productivity, and for more enter-
tainment, we will see expanded usage of electronics to
meet them. But these needs will only be served by design-
ing and marketing systems using electronics to satisfy the
needs themselves, and not by continually developing elec-
tronic circuits to sell to other electronic companies. We
must all concentrate on our own area of marketing exper-
tise. There is no longer any economic justification for rein-
venting circuits where the same circuit function is readily
available off-the-shelf in low-cost module form.

Members of the analog circuit module family

Analog circuit modules can, in general, be divided into
three categories: instrumentation amplifiers, nonlinear
function modules and converter modules.

Modular instrumentation amplifiers. Instrumentation
amplifiers provide the function of accurately amplifying a
low-level signal up to a high level, generally from the mil-
livolt level up to a full-scale range of =10V. They must
have high input impedance, low drift, good linearity, and
accurate gain. Most modular instrumentation amplifiers
are differential-input, and are designed to reject common-
mode inputs. Although they generally lack the built-in
power supplies and high common-mode voltage range of
their larger rack-mounted ancestors, the prices are now
down into the $20 to $150 range, and the electrical per-
formance is excellent.

Most of the commonly-used modular instrumentation
amplifiers have several features in common. Among these:
(1) They operate from =15V supplies, and are designed for
an input and output range of =10V (the common of the
+15V and —15V supplies must be connected to the am-
plifier common). (2) The gain is set by one external resis-
tor. Performance as a function of gain setting is normally
specified, and unlike with op amps, the linearity and sta-
bility of the gain is specified. (3) Provision is sometimes
made for externally trimming input offset, output offset
and CMR.

In the near future, we can expect to see on the market
several modular instrumentation amplifiers with complete
isolation between input and output. There may also be
units with higher common-mode input-voltage ratings.
One new, chopper-stabilized instrumentation amplifier
with built-in track/hold capability has recently been intro-
duced by Function Modules, Inc. Also, amplifiers with dig-
itally-programmable gain have been developed for use
with minicomputers.

As might be expected from the similarity in technology,
the design and manufacturing of modular instrumentation
amplifiers has been done best by people from the world of
modular op amps. Of course, the designers of monolithic
ICs would like to make a complete instrumentation ampli-
fier on a single chip, but they are fighting the inherent
problem of maintaining tight control of both voltage drift
and gain stability. Some very-low-drift IC op amps, such as
the 725, have been designed for instrumentation use, but
their overall performance is very dependent on the exter-
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R, o E
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NOTE: Ecpy is the common - mode input voltage, and Eq is the differential- input
voltage. The external 15V power supply must be referenced to Common.
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Fig. 1 —Commonly-used (simplified) circuit for a modular instru-
mentation amplifier. Critical factors are the choice of ICs and of
the gain-setting resistor networks.

nal gain-setting network and the particular circuit configu-
ration used. Also, some hybrid IC units have been de-
signed, but these tend to either be less flexible in applica-
tion than modular instrumentation amplifiers, or inherently
lower in performance.

A typical circuit used in modular instrumentation ampli-
fiers is shown in simplified form in Fig. 1. Key factors in
the design choice are the IC components, particularly for
input sections, and the resistor networks for setting gain.

Many new modular instrumentation amplifiers with
excellent performance are on the market today. Amplifiers
with input voltage drifts of £3 to =1 uV/°C; over 100 dB
CMR; and input noise levels of 10 wV rms to 3 uV rms are
available in the $29 to $59 range.

Nonlinear function modules. The most important nonli-

ANALYSIS: V gei#Vgeo =V geq =V geg =0

1fQ,, Q,, Q, and Q, are matched and B s are large, then

But log 1=0

I3|4 solyl, =131,

5

CURRENT SOURCES

Fig. 2 —Basic transconductance amplifier is the modern replace-
ment for diode shaping circuits that previously implemented most
multiplier-related functions.
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near function module of today is the multiplier; And it has
many relatives —modules for squaring, square-rooting, di-

“viding, and even for correcting pin-cushion distortion in
CRT displays. There are also modules for converting the
true-rms level of an input voltage to a dc output level. In
the late 1960s, diode-shaping circuits were used to imple-
ment many of these multiplier-related functions, but now
they can best be done by the more sophisticated circuits
based on semiconductor transconductance effects.

A simplified transconductance multiplier circuit, with
biasing problems ignored, is shown in Fig. 2. Techniques
for converting the input voltages, usually referred to as X
and Y, into currents will vary between designs. But trans-
conductance multipliers generally use this basic configu-
ration to create the product of the currents. The output
current is then converted into voltage form, which is
scaled to make the output voltage XY/10. Therefore, the
output will be a maximum of £10V as X and Y each vary
between =10V.

The following functions are easily implemented, either
by changing pin connections on a multiplier or by mod-
ules using the transconductance effect that are committed
to these functions.

E, = V10X, where 0 < X < + 10V
E, = (1/10)%

E, = 10 Z/Y, where Z/Y < 1

E,= V1/2 (X* + Y?)

E

A log BX, where A and B are externally-adjustable
scale factors and =10V < E, < + 10V

o

Trigonometric functions are another type of nonlinear
operation that’'s sometimes needed. These functions can
be generated using diode or transistor shaping circuits that
make segmented straight-line approximations, or by using
multipliers to generate a power-series approximation. The
specific application often determines the best combination
of modules to obtain a particular trigonometric function,
and the applications engineers of module companies can
often give you some useful design guidelines. Also, cus-
tomized versions of nonlinear function modules can often

benefit both the customer and the supplier. The module
designer can optimize the design for the specific nonlinear
function needed, and in OEM quantities this can mean
significant cost savings.

Converter modules. Modules that convert a signal from
one form of representation to another can also be classi-
fied as function modules, or analog-circuit modules, if one
of the signals is in analog form. In the late 1960s there was
explosive growth of minicomputer usage in industrial sys-
tems. So it isn’t surprising that there has also been a steep
growth in the sales of modular analog-to-digital and digit-
al-to-analog converters of all types. These converters are
used to couple the digital world of the computer to the
analog world of transducers, controls and displays.

Most of the measurable parameters of the physical
world are analog. Temperature, flow, stress, pressure, pH,
and the like are inherently analog variables. The conver-
sion from analog to digital may take place inside the trans-
ducer, or back at the computer. Economics, reliability,
current practice in industry, safety, and the nature of the
process or system are some of the factors that determine
where the conversion interface should take place. Al-
though most of the modular A/D converters have single-
ended analog inputs of =10V range and parallel outputs
of TTL logic, there are also some modular A/Ds with low-
level, differential-input front ends. Also, some A/Ds feature
serial output.

There are many different techniques of A/D conversion
in common use. Two standard techniques for converting
are successive approximation and integrating, or averag-
ing. In successive-approximation converters, the input
voltage is compared with an analog voltage that is derived
from a DAC that monitors the digital output. A sequence
of comparisons is made, one for each bit of resolution,
and the digital output “successively approximates”” the
input. The converter first decides whether the input is
greater or less than half of full-scale, then 1/4 of full-scale,
and so on down to the least significant bit. Since an n-bit
converter only needs n clock cycles to resolve n bits, suc-
cessive-approximation converters can be very fast. Total
conversion times of 10 to 20 usec are common.
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e c
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Averaging-type converters integrate the input voltage
over a fixed time interval. A digital count of the time nec-
essary for the integrator to discharge to zero at a constant
rate is proportional to the average value of the input volt-
age. This ““dual-slope” technique of averaging, where the
integrator input is switched between the input voltage and
a reference voltage, is often used. A basic block diagram
of a dual-slope converter is shown in Fig. 3. Integrating-
type converters are inherently slower than successive-ap-
proximation types, but they have better noise rejection
and are generally less expensive.

Modular D/A converters accept parallel TTL-level in-
puts, but the analog outputs may be in the form of voltage
or current. A very wide range of codes is now available in
modular D/As. The terminology isn’t standardized, and
some D/A converters can accept several different codes by
varying external pin connections.

Some other types of modules used in data conversion
are sample/hold modules, multiplexers, voltage-to-fre-
quency converters, and special types of D/As, such as
multiplying D/A converters (MDACs or ac DACs). The
sample/hold modules have two modes of operation — they
track an analog input voltage, then hold the voltage upon
command of a logic input. This means that they can mem-
orize an analog voltage at a selected point in time.

There is now a broad spectrum of D/A and A/D convert-
er modules on the market that use a mix of monolithic-
and hybrid-IC components with discrete parts to reach an
optimum combination of price, performance and size.

No one manufacturing technology has yet dominated
the scene. Monolithic D/As will certainly lead in the 6- to
8-bit category. For the 10- to 12-bit range, a mix of tech-
nologies is being used. DACs using hybrid and/or mono-
lithic technology generally have the edge in minimizing
size, while discrete techniques usually have the edge in
price and performance. Most 10- to 12-bit modules use a
mix of IC and discrete component technology. In the low-
drift 12- to 14-bit range, the long-term stability of wire-
wound resistors is generally required, and the reference
diodes are carefully aged and selected.

There is constant pressure to optimize the cost, size, and
performance of modular D/As and A/Ds. There are also

constant changes in price and performance of the key
components used in these modules. So it appears certain
that there will continue to be price/performance break-
throughs in the early 1970s, and that converter modules
will continue to use a mixture of technologies.

Using analog modules in industry

If these analog circuit modules are to be more than in-
tellectual curiosities, they must offer economically attrac-
tive solutions in the design of industrial equipment and
systems. To be sure, each system design problem has its
own peculiar design contraints. But some examples that
show how modules were used to solve typical system de-
sign problems may help trigger ideas as to how to use
them in your next system design.

To simplify the circuit diagrams and explanations,
+15V power supply connections are generally not shown.
Most of these modules require +15V and —15V power
referenced to their own common, which also serves as the
electrical common for both inputs and outputs. Many of
the A/D and D/A modules also require +5V power. With
these points in mind, let’s take a look at some typical uses
of analog modules in practical circuits.

Instrumentation and computation uses

Systems for instrumentation and computation probably
make the most use of analog circuit modules. Instrumenta-
tion amplifiers are used to raise the signal levels, and the
nonlinear function modules are used to perform opera-
tions on these signals. The data conversion modules con-
vert the analog signals to digital form. Following are some
typical applications of modules in instrumentation.

Measuring photometric absorption in analytical instru-
ents. Many analytical instruments, such as UV detectors
for liquid chromatography, require an output that is direct-
ly proportional to the absorbance. But the absorbance is
proportional to the logarithm of the ratio of two currents.

To understand the problem, consider the basic principle
in photometric absorption measurements: A beam of light is
alternately caused to shine through a reference liquid that
doesn’t contain any of the absorbing substance, and a
sample liquid. A vibrating shutter is normally used to alter-
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rors that results from alternate sampling of reference and sample.
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Fig. 5— Automatic-gain-control circuit for photometers. Input to
the photodetector is alternately from a reference lamp and the
signal light source.

nate the light. The transmitted light is detected by a photo-
multiplier tube or solid-state photodiodes. If the photocur-
rent through the reference liquid is called |, and the pho-
tocurrent through the sample containing the absorbing
substance is called |, then the absorbance is log,,, (I,/1,).

When signal levels are high enough, the photocurrents
can be fed directly into a log amp, but if they are too low
it may be necessary to preamplify them. Also, if the dy-
namic range of both |, and |, is very wide, it may be desir-
able to normalize the output by dividing the absorbance
by the sum of log |, and log I.. A block diagram of a circuit
that computes absorbance is shown in Fig. 4.

A key feature of this design approach is that long-term
variations in light and intensity, photodetector sensitivity,
and log-amplifier drift are effectively cancelled out by the
technique of alternately sampling between a reference and
the sample being measured.

Linearizing temperature sensor outputs. Many sensors
have nonlinear outputs that must be linearized and multi-
pliers can be used for this. For example, multipliers can be

used to compute the power series AX + BX* + CX* + DX*.

Automatic-gain-control circuit for photometer use. In
some photometric systems, a method of automatically cal-
ibrating the gain of a photodetector and amplifier combi-
nation is needed. Light input to the photodetector is
switched mechanically between a reference lamp and the
signal light source. When the photodetector is illuminated
by the reference light, the output of a multiplier is com-
pared with a reference voltage to develop a gain-error sig-
nal. The gain-error signal drives an integrator, and the in-
tegrator output is used to vary multiplier gain.

The circuit is shown in Fig. 5. The output of amplifier
Al is KB, volts when the reference lamp is illuminating the
photodetector, and KB, volts for the signal. K is the overall
gain through the photodetector and amplifier A1, and B is
the light intensity. At recalibration time, the integrator is
gated ON and the output of A2 will vary until

1/10 (KB,Y — V,) = 0, 0r Y = 10V,/KB,

The integrator is then gated OFF, and the value of Y is
held constant while the signal KB, is transferred through
the multiplier at a scale factor of V,/KB,. Reference voltage
V, is set equal to the desired value of gain, K B,, so the
actual scale factor will be K /K. The signal voltage KB, is
multiplied by K /K, so gain variations in the photodetector
and amplifier A1 are eliminated and the output voltage E,
will be the desired K B..

The practical dynamic range of the circuit is limited by
the linearity of the multiplier. For example, a range of 100:
1 (Y varying from 10 to 0.1V) is feasible when using Func-
tion Modules Model 551 multiplier, which has maximum
nonlinearity of +0.1% of full scale.

A frequency discriminator. Combining a 90-degree
phase-shifting circuit with a modular multiplier will form a
low-cost frequency discriminator. With it, the frequency
deviation of an ac input from a nominal center frequency
is converted to a proportional dc output voltage. Such a
device is very useful for speed control or for frequency
monitoring. The circuit for it is shown in Fig. 6.

Nominal center frequency, w,, is set by the time con-
stant R C . The phase-shifting circuit has unity gain and a

00"

phase shift angle, 6, of

6 = —2 Arctan w/w,

The multiplier computes the product of 10 sin ot and
the phase-shifted signal 10 sin (wt + 6). Low-pass filtering
of the product in order to extract the dc component pro-
portional to cos 6 can be performed by the output amplifier

-15V

R . e - — SET 012V
10 sinwt Ry WA g==2Arun. S§g E, - Volts
O — v
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Fig. 6 — Frequency discriminator. Frequency deviation of an ac input from its nominal value is converted to a proportional dc output useful

for speed control or for frequency monitoring.
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of the Model 551 multiplier. The cos # term is related to
frequency deviation w/w, by:

1 — (w/w )?

Ccos = ———2—
1+ (0/w,)?

This is linear from an w/w, of approximately 0.25 to
1.1—a 4:1 range. An output offset can easily be summed
into the multiplier to make the output symmetrical about
zero. With peak input of =10V and with an output offset
of about —2V, the output will vary between +2.44V for
w/w, of 0.25 to 1.1.

Instrumentation circuit for weighing systems. Elec-
tronic weighing systems generally use bonded strain-gage
load cells to develop a voltage proportional to the weight
of some load. Modular instrumentation amplifiers are usu-
ally needed to amplify the load-cell signal, which may
have a full-scale output of as little as 5 mV. The amplified
signal is often converted into digital form for use in a digit-
al computer or for displaying the weight digitally.

Sometimes there is an extra system requirement that the
weight be multiplied by some digital setting. This digital

input might be a unit price/pound of the item being
weighed, or it might be some useful calibration factor. The
capability of multiplying the weight by a digital number
will probably be of most use where many different items
or materials are being weighed under control of a digital
computer.

The product of a digital setting D, and the weight W,
can be computed by the circuit shown in Fig. 7. Here the
load-cell bridge impedance is unbalanced by the weight
of the load under test, such that AR/R, is proportional to
the weight. This generates a differential voltage E, that is
the product of the bridge unbalance AR/R, and bridge
excitation voltage V.

With the modular instrumentation amplifier shown, gain
is set by an external resistor R . The amplified load-cell
output is fed into the external reference input of a DAC
that is designed to accommodate a reference variation of 0
to —10V. This DAC can be used as a one-quadrant multi-
plying-DAC. The DAC output, E,, will be proportional to
the product of the analog input E,, and the digital input D,.
In this application, the output will be positive for a nega-
tive reference input. A BCD-coded input (1-2-4-8 per digit)
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is shown, but the input could be binary coded if desired.

A dual-slope integrating A/D converter converts the an-
alog product (out of the DAC) into a digital output. The
particular A/D converter shown can be operated in a ra-
tiometric mode by applying an external reference voltage.
Then the digital output from the A/D converter is propor-
tional to the ratio of the analog input voltage E, to the ref-
erence input voltage V,,.

Using the load-cell bridge excitation voltage as an exter-
nal reference to the A/D converter will save some dol-
lars —for the bridge voltage no longer has to be accurate
or stable. Because the amplifier output is directly propor-

testing audio communications equipment. The dynamic
signal range is often large, so the difference signal is usu-
ally normalized. If we designate the rms level of Channel
1 as E, and Channel 2 as E,, then the normalized differ-
ence signal E, will be

E, = (E, — E)/(E, + E,).

0

A simplified circuit diagram for computing this normal-
lized differential function is shown in Fig. 8.

Information display uses
In addition to their use in instrumentation and computa-
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Fig. 9— Continuous proportioning system for automatic weighing applications. Belt speed is controlled to maintain a constant mass flow

rate of the material.

tional to V,, and the A/D converter output is inversely
proportional to V,, the net effect of variations in V is
zero. This means that we can now use a low-cost bridge
excitation voltage and the A/D converter doesn’t need an
expensive internal reference circuit. Using the modules
shown, an overall system accuracy of +0.1% of full-scale
is feasible.

Differential acoustic measurements. In acoustic mea-
surements, the energy level of an echo is usually the param-
eter of interest. A computation of true-rms level will pro-
vide such a measure of energy. Also, in some systems,
such as monopulse sonar receivers, the difference in rms
level between the echos received by two transducers can
be used to obtain vector information.

Differential rms measurements are also very useful in

tion devices, there also is need for analog circuit modules
in many display systems. A/D converters are frequently
used to convert analog signals into digital BCD format for
driving digital displays. This is fine, but human operators
may also want to see trend information, particularly for
process control systems.

Even in direct digital control (DDC) systems, there is a
need for DACs that convert computer outputs to records
on a chart recorder, readings on an analog meter, or to a
CRT display. In general, the more dynamic the variable of
interest the more need there is for an analog display.

Nonlinear function modules, particularly multipliers, are
very useful in CRT display systems. The resolving of coor-
dinates, the rotation of a display, and the correction of
geometric distortion in flat-faced, magnetically deflected
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CRTs all require the use of multiplication circuitry. Squar-
ing and square-rooting are commonly needed.

Control systems uses

Analog circuit modules also are extensively used in in-
dustrial control systems, where DACs and analog multi-
pliers are particularly useful. Here are some control sys-
tems that put these modules to work.

Continuous proportioning system. Automatic continu-
ous weighing is becoming more prevalent in many indus-
tries, and particularly so in food processing. Weigh feeder
systems are used to proportion foods, primarily solids, that
can be belt fed. The purpose of these systems is to contin-
uously control the mass flow rate of a material into some
process. To do this, the weight of material per lineal foot
of feed belt is multiplied by the belt speed. The product is
a weight per unit time. For example, 3 Ibs/ft of material
times a belt speed of 2 ft/sec is'a flow of 6 Ibs/sec.

Belt speed can be converted to an analog voltage by a
dc tachometer on the pulley, and the weight can be
sensed by a suspended platform with weighing bridge in
contact with the belt. The electrical signals should be
amplified up to a full-scale range of =10V. The amplified
signals, E, and E_, are then multiplied to compute their
product. The actual mass flow (E, times E) is summed
with a setpoint voltage —V, and integrated to obtain an
error signal E,. The motor speed is made proportional to
the error voltage E,. If the weight of the material varies or
the system is disturbed in any manner, the motor will
change speed to make EE, /10 equal to the setpoint V.

Such a system diagram is shown in Fig. 9.

Measurement of electrical power. Multipliers, and re-
lated circuits such as rms-to-dc converter modules, are
very useful in computing power dissipation. The current
through a load and the voltage across it are sensed and
scaled up to a full-scale range of £10V. To compute pow-
er, the voltage representing current is multiplied by the
load voltage. The multiplier provides instantaneous power,
so for average power you simply ““low-pass filter’” the mul-
tiplier output. A motor drive system that uses a multiplier
for computing power is shown in Fig. 10. The power into
the motor is set by the computer.

The true-rms value of a waveform is sometimes the de-
sired parameter for control. A circuit for controlling the
rms voltage from an SCR amplifier is shown in Fig. 11.

The desired rms level is set by a digital computer, and a
rms converter module senses the actual rms level.

Future developments

This sampling of typical applications demonstrates how
valuable analog circuit modules are in systems and instru-
ments for industrial use. While many of these applications
may appear very specialized, the design approaches often
can be applied to totally different problems.

Using analog circuit modules can help a designer to
separate the circuit design problems from the system de-
sign problems. With them, he often can take a more so-
phisticated and effective design approach to his system
problem. He may even find that the addition of circuits
that compute and feed back information may increase the
electronics portion of the system cost, but reduce total sys-
tem cost.

Concepts developed during the late 1960s — particularly
in adaptive control and optimization theory—can now,
with low-cost analog circuit modules, be economically
applied to industrial systems and instruments.

Who is FUNCTION MODULES, INC.?

Although the electronics industry was depressed in
1970, Tom Cate elected to found a new company,
Function Modules, Inc., to manufacture analog cir-
cuit modules. Here is the reasoning that led to such
an apparently risky commitment.

“Large module companies have excellent tech-
nical capability, but are spreading their resources
over a broad spectrum of products and manufactur-
ing technologies — everything from monolithic IC op
amps to sophisticated instruments. This diffusion of
resources makes it difficult for them to respond to the
needs for their analog circuit module customers. On
the other hand, several relatively small companies
have specialized in serving narrow segments of the
analog circuit module business. Some have chosen
nonlinear function modules, and others have focused
on A/D and D/A converter products.”

Tom believes that neither the large companies with
their diffusion of resources, nor the smaller specialists
with their limited lines offer what is really needed by
many users of analog circuit modules. The new com-
pany’s aim is to develop a complete line of analog
circuit modules, with emphasis on instrumentation
amplifier modules, nonlinear function modules, and
data conversion modules, such as ADCs, DACs, and
MDAGCs. They will also be responsive to the needs
for customized versions of these modules. =
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Think Twice:

How will you choose
your next portable scope
...on faith, or on fact?

Forget everything you ever knew
about portable scopes; today’s por-
tables are something else entirely. In
the last year, both major scope man-
ufacturers have brought out com-
pletely new lines. So, choosing a new
portable on “blind faith” in your old
make is about as sensible as marry-
ing a girl you've never met, just be-
cause her second cousin was Miss
America in 1967.

The only rational way to choose a
new portable today is to make a
head-on comparison between our
scopes and our competitor’s. And
this means more than just a quick
look at price tags and specs. It means
a thorough investigation of total
acquisition cost. Be sure you check
these specific points:

Initial purchase price. Are you
getting the best price available?
HP’s Portables are priced as much
as $200 below the competition,
with special purchase agreements
available.

Ease of Use. Are the controls
simple and logical? Or are they a
jungle of tightly packed knobs. Ten
minutes a day, spent in needless
tinkering, can add up to hundreds of

dollars a year in wasted man-hours.

Fieldworthiness. Some scopes have
such high power requirements that
battery operation is impossible. HP
feels that a portable scope should
have “go-anywhere” capabilities, so
our Portables all use low-power-
requirement designs which permit
battery operation. Low power re-
quirements also mean lower heat,
which prolongs component life. As
a result, only HP’s Portables elimi-
nate the need for fans, or dust-
admitting vent holes.

Calibration and Service. Have you
considered how much your scope
will cost you after you've pur-
chased it? For example, HP Por-
tables are quickly calibrated —
requiring approximately half the
time required to calibrate our com-
petitor’s portable scope. This could
save you hundreds of dollars over
the life of your scope. And are you
going to have to deal with one manu-
facturer for scope service, and an-
other for your voltmeters, signal
sources, etc.? Or can you save time
and money by limiting your deal-
ings to one company? And don’t for-
get training aids; HP offers live

CIRCLE NO. 13

demonstrations, video tapes and
literature to simplify conversion
problems.

Look into all these points, and we
think you'll find that you'll save a lot
of time, effort, and money — and
avoid a lot of frustration — by choos-
ing HP’s Portables. But don’t take
our word for it; make the compari-
sons yourself.

For a revealing package of infor-
mation on HP’s new Portables, send
for a free copy of our “No-Nonsense
Guide to Oscilloscope Selection.”
Or contact your local HP field engi-
neer for a demonstration. Check be-
fore you choose. Hewlett-Packard,
Palo Alto, California 94304. In
Europe: 1217 Meyrin-Geneva,
Switzerland.

Scopes Are Changing;
Think Twice.

os2/2

|
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Test op amps the easy way
with simple step-by-step methods

A few general-purpose circuits are all that are needed. Precautions are provided
to avoid pitfalls commonly encountered when testing high-performance op amps.

E. R. Hnatek and L. Goldstein, National Semiconductor Corp.

Meaningful testing of op amps has become a controversial
issue: test methods and usefulness have been questioned.
Test circuits shown in MIL-STD-883 were originally de-
veloped for hand testing the first generation of op amps
such as the 709. These circuits are not suited for automatic
test equipment due to the large number of circuit changes
required in a test sequence and because they are mostly
for ac testers. Satisfactory testing of present-day op amps
such as the 108, 108A and 725 for dc characteristics is not
possible with MIL-STD-883 test circuits.

This article discusses the common pitfalls encountered
when testing op amps and presents several general-pur-
pose test circuits for measuring the performance of today’s
op amps that work both for bench testing as well as for
automatic test equipment.

Why test an op amp?
There are two basic reasons for testing an op amp:
1. to verify that is is functional;
2. to find out if it meets its data sheet specification limits.

+V¢
T 10M

VW

10M

A

Fig. 1—Simple functional testing of an op amp is possible with
this basic circuit. It ensures that the amplifier is operational.

If the dc characteristics are not critical, a simple circuit
such as that shown in Fig. 1 may be used. This circuit sim-
ply ensures that the device operates and that it will perform
its required function. Complete dc testing however requires
a more sophisticated test circuit than that of Fig. 1. Such a
circuit is shown in Fig. 2. Table 1 provides a detailed step-
by-step ““cook book’” approach, using a 741 op amp as an
example, to be used in measuring and calculating the data

28

ALL RESISTOR TOLERANCES ARE 0.1%
* MATCHED TO 0.0001%. VALUE DEPENDS ON DEVICE BEING TESTED
“* RESISTOR RATIOS TO 0.02%

Fig. 2—Complete op amp testing for dc characteristics can be
achieved with this test circuit. Table 1 should be used in conjunc-
tion with this circuit.

sheet electrical parameters using the circuit of Fig. 2.

The dc parameters listed in Table 1 are by no means the
only ones by which to judge an op amp’s performance.
Slew rate and noise are two important op amp characteris-
tics that can be tested by Fig. 3 and Fig. 4, respectively. Fig.
3a depicts a circuit suitable for measuring slew rate, small-
signal reset time and overshoot. To minimize phase shifts
that alter amplifier rise time and overshoot, a small capaci-
tor is added across the feedback resistor. This capacitor
compensates for the simulated inductance across the input.
For example, the commonly used circuit shown in Fig. 3b
has a faster rise time and more overshoot than the one in
Fig. 3A. A 100-pF capacitor is added across the 10-k feed-
back resistor, in Fig. 3B for a more accurate measure of
slew rate, rise time and overshoot.

Fig. 4 shows the schematic diagram for a general-pur-
pose op amp noise-test circuit that can measure both noise
currents and “‘popcorn’’ noise. Note that this circuit is only
a slight modification of the one in Fig. 2.

To produce low-cost op amps, IC manufacturers keep
device handling at a minimum through the use of automatic
test equipment. Ac parameters such as gain and phase mar-
gins and input and output impedances can be bench tested
in specially fabricated test fixtures. However, the added
handling time and the special test fixtures required here
escalate the device cost.

In some applications the input impedance is important.
For dc applications, however the input bias current (I,,) is
the limiting factor and is easily measured. As a result, it
makes more sense and costs less to measure an op amp's
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Table 1. Measuring data sheet parameters

1. Input offset voltage at zero common-mode voltage!
a. Measure: V.. with +V.= +15V, =V .= ~15V, V, = 0OV (GND), Si and 52 closed; V,,, with
+Vs = +15V, =V, = =15V, V, = OV (GND), S1 and S2 open

Mo
(R, = 10kQ) = 522

1%
b. Caleulster V,, (R, = 1000}) = &Ly i

1000 1o

2. Input offset current at zero common-mode voltage!
a. Measure: V,,, with +Vo= +15V, -V, = —15V, V, = OV (GND), SI and S2 closed; V,,,, with
+V, = +15V, =V, = =15V, V, = OV (GND), Sl and S2 open

test 1 View 2
(1000) (10kQ)
3. Input bias current at zero common-mode voltage!
a. Measure: V,,, with +Vo= +15V, -V, = —15V, V, = OV (GND), S1 closed, S2 open; V. » with
+Vg = +15V, =V, = =15V, V, = OV (GND), S1 open, S2 closed

test2 Vtest 1

b. Calculate: 'm = m—m

b. Calculate: 1,, =

4. Common-mode rejection ratio

a. Measure: V,,, with +V; = +3V, —=Vo = =27V, V, = +12V, S1 and S2 open; V,,,,, with +V; = +27V,
~V, = =3V, V, = =12V, S1 and S2 open
b. Calculate: CMRR (dB) = 20 log Vi = Views
: J 10 (24V) (1000)
5. Supply-voltage rejection ration
a. Measure: V,,,, with +Vo = +5V, =V, = -5V, V, = OV (GND), S1 and S2 open; V,,,, , with +V¢ = +20V,

-V, = —20V, V, = OV (GND), S1 and S2 open
V ~ V
: l . e test 2 test 1
b. Calculate: PSRR (dB) = 20 log,, 130v) (1000)
6. Positive-gain and positive-output swing
a. Measure: V., with +Ve= +15V, =V, = =15V, V, = OV (GND), S1, S2 and S3 closed and $4 open for
R, = 2kQ (S3 open and S4 closed for R, = 10kQ); V,,, , with +V, = +15V, =V = —15V,
S1 and S2 closed, V,, = =10V, S3 closed and S4 open for R, = 2k}
or V, = +12V, S3 open and 54 closed for R, = 10kQ
12V) (1000) ¢, g - 10kg;

test 2~ Viest 1

(+10V) (1000) for R,

b. Calculate: positive gain =

or positive gain = = 2k

test 2 test 1
7. Negative-gain and negative-output swing
a. Measure: V,,, with +Vg = +15V, =V, = —15V, V, = OV (GND), S1, S2 and S3 closed and S4 open for
R, = 2kQ (S3 open and S4 closed for R, = 10kQ); V,,,,, with +V; = +15V, =V, = —15V, S1
and S2 closed, V,, = +10V, S3 closed and S4 open for R, = 2k}
or V, = =12V, S3 open and 54 closed for R, = 10k(}

bz 12V) CHI00) for R, = 10k();

b. Calculate: i ih =
alculate: negative gain v iy

test 1

or: negative gain = ——————(\710\/) (1600}

test 2

for R, = 2kQ

test 1~ Vitest 2

Note 1: To measure V,,, 1,, or |, at common-mode voltage (Fig. 2), the power supplies are manipulated as follows:
for +12 V common-mode voltage, for —12 V common-mode voltage,
+Vg = +3V, =V, = =27V, V, = +12V +Vg = 427V, =V = =3V, V, = 12V

Calculate: V,,, | as illustrated above in the examples given for zero common-mode voltage
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100pF

10k

Fig. 3 —Slew rate, risetime and overshoot can be measured with
either of these circuits. Stray capacitance will have little influence
on (a), resulting in better correlation between test fixtures than (b)
for small-signal risetime and overshoot tests. To measure op amp
slew rate accurately, use (b). It has faster risetime and more over-
shoot due to amplifier phase shift.

input bias current, input offset voltage (V,,) and input offset
current (l,,) at common mode extremes than to measure dc
input impedance.

Where input impedance coes become important is for
frequencies above 1 kHz. Here it is more desirable to add a
voltage follower such as the LM110 to the amplifier’s in-
put than to test its ac input impedance.

Output impedance depends on closed-loop gain. For
most modern op amps, the low-frequency unity-gain
closed-loop output impedance is less than 0.01€). For ap-
plications where the closed-loop gain is less than 40 dB, the
output impedance can be neglected. Remember that most
op amps incorporate output short-circuit protection, where
the output decreases as the load current increases. For inte-
grator applications, the maximum output current is normal-
ly limited by the short-circuit-current limit rather than by
the output impedance.

Common test-circuit problems

All to often, op amps that show up as bad devices at a
user’s receiving inspection station or in actual use are in
reality good devices because of the test circuits employed
and the manner in which they were tested.

To prevent these test-circuit problems, use the test cir-
cuit Fig. 2 and follow the precautions listed below:

1. Check for oscillation of the test loop. Incorrect
compensation of the buffer amplifier will cause oscilla-
tions which show up as excessive offsets, low gain, high
supply current, or as oscillations. A capacitor, C,. in Fig. 2,
will normally stabilize the loop.

2. When checking input voltage, take care not to cause
the inputs of the op amp to break down, as this will de-
grade input characteristics. This is particularly important
when testing devices like the 709 and the 725 which have
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low input breakdown voltages of 6V.

There are two ways of measuring maximum input volt-
age. The first method makes use of a current which is
forced through the inputs. The subsequent breakdown
voltage is measured. This method however is not recom-
mended since it causes reverse base —emitter breakdown
of the input transistors and degrades input performance.
With the second method, a voltage is applied to the inputs
and the resultant current is measured. This method is a
much safer one in that it does not degrade the op amp.

3. Check the tolerances of the circuit components.
Incorrect tolerances of the circuit resistors can produce a

1000pF
[ v .1

100k

150pF

Fig. 4 —Measurement of op amp noise currents and “‘popcorn”’
noise is easily achieved with small variations of Fig. 2.

significant measurement error. For example, if the com-
mon-mode rejection ratio (CMRR) is being tested by vary-
ing the input voltage as shown in Fig. 5, resistor matching
must be such that the error (twice the resistor match) is
small compared to the measured value. If CMRR is to be
measured to 80 dB, the resistor match should be at least
100 dB or 1 part in 10°—a 0.001% match.

When using source resistors (Rg), they must also be
matched to minimize the error due to bias-current change
with input voltage. This is also necessary when using the
circuit in Fig. 2. During the era of the 709 op amp, a resis-
tor match of 0.02% was sufficient. For modern op amps,
such a match of 2 parts in 10* is twice the magnitude of
the error that you're trying to measure. This will either add
to or subtract from the CMR error of the op amp.

1000pF

Fig. 5—Resistor tolerances can produce significant errors in the
measurement of on op amp common-mode rejection ratio
(CMMR). The value of the source resistors Rg depends upon the
type of amplifier under test.
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4. Minimize thermal effects when performing dc tests.
Thermal effects are particularly noticeable when making
gain measurements —especially where negative or infinite
gains are often measured. Thermal effects can be mini-
mized by pulse testing with a very short duty cycle of less
than 5%. In this way the instantaneous and time-depen-
dent effects can be observed. With these tests, and even
with tests where the junction temperature of the device
varies a small amount, the difference between the instan-
taneous and the final values is dependent on the loop re-
sponse time. For relatively slow devices such as the 725,
the loop response combined with thermal response may
be greater than 30 seconds for certain tests.

5. Input and output voltages must not exceed either the
supply voltages during usage or testing. Transients that
occur when the power supply is turned ON and OFF often
result in a higher input voltage than supply voltage. This
condition can cause a catastrophic op amp failure. The
negative supply voltage or ground should always be ap-
plied first or simultaneously with the positive supply to
avoid “latch-up’”” or device destruction. Some op amps
can be destroyed when an input voltage is applied to the
op amp and both supplies are turned OFF. This turns ON
the collector-base diode of the input transistors and
grounds the positive power supply while it is OFF.

Device inputs can be degraded if a dc voltage is placed
on the output of an integrator or on the input of a sample-
and hold circuit and the positive supply is again OFF. If a
large capacitor is used the inputs may be destroyed.

A high-voltage diode inserted in each power supply
lead will prevent failures cuased by transients and power-
supply reversals. Additionally, a resistor inserted in each
input will limit the input current caused by high transient
voltages. Both of these configurations are shown in Fig. 6.

What to expect from an op amp tester

An op amp tester should be capable of checking an op
amp’s performance over the entire guaranteed operating
range. Common-mode rejection ratio (CMRR) must be
checked over the entire input voltage range. CMRR de-
grades at the common-mode extremes. Testing CMRR over
a 30V input range provides a large range of measurement
accuracy particularly when testing op amps with greater
than 100 dB of common-mode rejection.

For devices such as the LM101A and LM107 whose pa-
rameters are specified over the entire common-mode range,

v

Fig. 6—To protect an op amp from power-supper transients and
high input voltages, a pair of diodes and two resistors are used.

+120

+100 |

+80

+60

VOLTAGE GAIN (dB)

+40

+20

1 10 100 1k 10k 100k ™ 10M

FREQUENCY (Hz)

Fig. 7—Op amp open-loop gain should be measured at dc to 5
Hz, since the gain of most amplifiers begins to roll off beyond 5
Hz. Frequency response shown is typical for an amplifier with
single-pole compensation.

input off-set voltage, input offset current and input bias cur-
rent must be tested at the input voltage extremes. The test-
ing of input offset current at the common mode extremes is
particularly important because it can detect channels in the
input transistors as well as high-temperature failures.

At least one parameter should be tested at the minimum
specified supply voltages —power-supply rejection ratio
(PSRR). It should be measured by varying both power sup-
plies simultaneously from minimum to maximum values.
As with CMRR, a larger voltage excursion permits greater
test accuracy.

Gain should be measured either at dc or at low-fre-
quency ac (5 Hz or less) since the gain of most op amps
begins to roll off at about 5 Hz (Fig. 7). &
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You're looking at the world'’s
smallest and least expensive
3Y>-digit panel meter.

Ours. Our AD2001. The DPM
that’s a component.

It's just under 8 cubic inches
in volume. $89 in 100’s. And
we're delivering it now.

This simple, reliable meter has
a few other things going for it too.

We made it with fewer com-
ponents. Eliminated multi-level
power supplies. Used long-life
RCA Numitron display tubes.
And built in over voltage pro-
tection.

(actual size)

attention.

It provides 0.05% accuracy.
Has a temperature coefficient
of =50ppm/°C. And all the inter-
facing signals are standard.

The two critical analog com-
ponents are made by us. Analog
Devices. Which is an interesting
point.

We're the world’s largest maker
of analog to digital converters.

That's why our digital panel
meter is something else. We put a
little experience into it before we
made it.

Each meter is burned-in for
7 days prior to shipment and war-

ranted for one full year. You can
send for our complete brochure
and order an evaluation sample
right now.

Watch for the appearance of
our 2¥2 and 4v2 digit DPM’s.
With the same performance and
reliability as this one. At a size
and price worth more of your
attention.

Analog Devices, Inc., Norwood,
Mass. 02062. Tel. (617) 329-4700.

ANALOG
DEVICES

AD2001 DIGITAL PANEL METER. SIZE: 3" wide, 134" high, 1%2" deep. Overall volume just under 8 cubic in. DISPLAY: Auto Polarity. Overrange. Out-of-Scale indication.

Automatic zero. Programmable decimal points. DATA PROCESSING SIGNALS: External Tri ;
signals are all standard. INPUT: Bias Current less than 1nA. Impedance— 1000M(L. Over Volitage Protection. AC

operating. Temperature Coefficient—+50ppm/°C. POWER: Single power source. +5VDC input.
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er and External Hold, 3-digit BCD outputs, Overrange, Out-of-Scale, and Polari
URACY: 0.05% reading. Temperature Range —0°C to 60°



Don’t be confused by IC
switching time specifications

A full understanding of such specs is necessary in order to properly design an
MSI/LSI system. This step-by-step analysis will help to eliminate the confusion.

John Springer, Advanced Micro Devices

IC data sheets are supposed to help rather than hinder the
designer, thus there is no reason why switching time specs
should be confusing and misunderstood. These ac specs
are obviously very important, but before they can be un-
derstood, clear, simple definitions of what they mean must
be formulated. A good place to start is by looking at an
ordinary TTL, J-K flip-flop. An analysis of this device
should cover most ac specs. Once this is accomplished,
the same techniques can be used with a simple MSI sys-
tem. What this will yield is—(1) a set of consistent defini-
tions for switching delays and (2) a method of analyzing
ac delays in a large system.

Ground rules for the analysis

The J-K flip-flop used in Fig. 1 assumes edge-triggered
operation; therefore, the data on the input is transferred to
the output when the clock goes from LOW to HIGH. The
C, input is an active LOW direct clear, which resets the
flip-flop regardless of any other inputs. It will be further
assumed that the flip-flop is an “ideal” (zero delay) flip-
flop, and has delay lines on all the inputs and outputs.
This allows us to analyze all the delays involved (Fig. 1b).

the J input (A)*) is then A] — AC ; the delay on the output
(AQ* is AQ + ACI,; and so on (Fig. 1¢).

CLOCK smmeeeeeeeee] C

Cqy

TYPICAL JK FLIP-FLOP CLEAR 1a

Fig. 1—A typical )-K flip-flop is used to analyze delays listed in 1C
data sheets.

Each delay element (4], AK, AC,,, etc.) has some specific
delay for HIGH to LOW transitions and another delay for
LOW to HIGH transitions. However, in a real flip-flop
everything is usually referenced to the clock signal. There-
fore, it is convenient to subtract the clock delay (AC,) from
all other input delays and then add it to the output delays,
thus leaving no delay in the clock line. This new delay on

IDEAL FF
44 v
J —-‘>— J Q -—-[>—— Q
ACP
Cp '—1 2 Cp
K ——{ >— K Q b—{ >— o]
AK Ca 40
ACy
MODEL OF FLIP-FLOP WITH DELAYS | \REAL FF
Ca
1b
aJ" 40"
Y —<I>— J Q ——D— Q
(38 Cp
K —-D— K Q J.—-[>— a
Ak Cq Yol
ACy
CLEAR
NEW MODEL WITH CLOCK DELAY REMOVED 1c

Since it is possible for the clock delay to be longer than
an input delay, the new input delay can be either positive
or negative. A negative delay simply means that the input
can change after the clock changes, yet still get to the ide-
al flip-flop before the clock does.

Output delays are easiest
The simplest delays to analyze are the delays to the out-
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put, designated tpd+ and tpd—, as illustrated in Fig. 2a.
This shows the behavior of one particular flip-flop. How-
ever, since every flip-flop will be slightly different, a large
sample of devices will show the delays falling within some
range (Fig. 2b). The colored areas indicate regions of un-
certainty, or the spread in signal changes for a large sam-
ple of devices.

Ce | |
tpd- tpd+ P at
least _
trec(Cq)
Q /.
tpd- (Ed)
CLEAR (

E |

]

2b

Fig. 2—Timing diagram (a) illustrates delays to the output of a J-
K flip-flop. Assume that J-K is HIGH, so the flip-flop is toggling. At
some time following the clock edge (tpd—), the Q output will go
LOW. Following the next clock edge and after tpd+, the output
will go HIGH. Also illustrated is the operation of the direct clear,
Cd. When this input goes LOW, then the output clears after delay
tpd—(C,). The first clock following the removal of the clear com-
mand will set the flip-flop, providing that at least t . (C,) (recovery
time) has elapsed. This time is due to the AC, + delay in the mod-
el. Output delays for a group of flip-flops is shown in (b).

A data sheet for this flip-flop should list both the typical
and maximum values for the three tpd’s shown. Although
minimum tpd’s are rarely specified, sometimes it is impor-
tant to have them.

Input delays are a little less clear, and can lead to much
confusion. One of the principle difficulties is that the spec-
ifications for input timing are often given as the require-
ments for an input forcing function rather than the device’s
response to a change at its input. Consider, for example, a
set-up time specification. The set-up time can be thought
of as the time required for the device to respond to data at
its input, in which case it is maximum. Alternatively, set-
up time may be thought of as a system requirement which
must be met, and then it is a minimum time. Maximum

delays in a device will therefore determine the minimum
timing for a system, as will be shown later. In order to
maintain consistency in the analysis, all delays expressed
will be device delays rather than system requirements.

Input timing specifications are generally designated as
“input set-up time”” and ““input release time.”’ For a flip-flop
to respond to input data, the ideal flip-flop must see the
data before it sees the clock transition. In the model with
no delay in the clock line, the input signal is delayed by
AJ* (or AK*) from the clock, so for a given device an input
applied after AJ* will not be sensed.

The delays AJ* and AK* are defined as the set-up times
for the J and K inputs to the flip-flop; however, they may
be different for LOW to HIGH changes than for HIGH to
LOW changes. The delay for a change from LOW to
HIGH on the J input is designated “t,H())"". The delay for a
HIGH to LOW change on the K input is designated “'t L(K)"".
(Ordinarily only a single set-up time is specified, the longer
of tH and t.L.

Fig. 3 shows a timing diagram, including set-up times,
for a single flip-flop. No distinction is made between
HIGH's and LOW's; however, t()) is assumed to be differ-
ent from t (K).

ts(K) p— K P s (K fe—P ts(K)
> ) | ) | ] ) | B et

e \ \

Lo | S

— —— —— ——

J=1,K=0 J=0) K=1 J=1, K=1 350 K=0

Fig. 3—Flip-flop timing diagram shows importance of set-up
times. Note that at the fourth clock pulse, the K input comes up
after t; therefore, it is not detected.

Again, for a sample of devices the set-up times will fall
within some statistical range. Therefore, when a number of
devices are clocked simultaneously, there is some period
of time prior to the clock during which each device will
sample its inputs. This region of time is defined by the
maximum and minimum set-up time limits. In order to
guarantee that a device will respond to an input signal,
that input signal must be present before the clock by at
least t, max. Moreover, the signal must not change until
after t, min.

Some devices require as long as t, max. to propagate a
signal through AJ*, and some require only t, min. The min-
imum set-up time is often called the “‘release time,” as it is
the time after which a signal change is guaranteed not to
be detected. If t, min. is negative, indicating that input
changes may be detected even after the clock edge, then t,
min. is often called a “‘hold time.”

Reliable operation of a sequential device requires that
inputs be steady at all times between t, max. and t, min.
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Note that if tH and tL are separately specified, then a Parameter Definition min. max. Units
HIGH must be maintained betvs{een t.H max. (slowest re- LH(,K) HIGH data set-up time 0 15 nis
sponse to a HIGH) and tL min. (fastest response to a ' ]
LOW). Similarly, LOW’s must be maintained between t L J and K inputs
max. and tH min. For example, the switching limits in t,L0,K) LOW data set-up time =5 10 ns
the table at the right tells us that to detect a HIGH on ] or j and K thputs
CLOCK
S Po) &
D, C, SLE D, 'Cp SLE Ds Cp SUE Da Ce. SLE
INPUT EI) By & P LAO A P A, A : A * -
ADDRESS | 5 As e I = As
A; A, A, A
AM 9338 AM 9338 AM 9338 AM 9338
By 8 BIT By 8 BIT By 8 BIT By 8 BIT
B, MULTIPLE B, MULTIPLE By MULTIPLE B, MULTIPLE
B, PORT B PORT B,  PORT 8 PORT
REGISTER REGISTER REGISTER REGISTER
Cy Co Cs c
= iC, = o = 1C; Gy
—cC —C C c
27, Ic 225 Zc 225 I ’Z5  1c
OUTPUT ADDRESS | 0
FOR A OPERAND | }
OUTPUT ADDRESS [ 9
FOR B OPERAND | 5
1 | i
Ao By A4By AzB, A3B; COE
< CG.,
o cp.,
| CG.,
Sy §4 FUNCTION ARITHMETIC -0 CP., AM 9340 ALU
L L | SUBTRACT FUNCTION 01 CG.3 4-BIT
H L | ADD SELECT CGlo-
S
t{ : i):\‘(;LUSIVE OR 0 So -
= S1F Fyq Fa F3
SHIFT LEFT INPUT e [}
1 i T — 70 NEXT
» MULTIPLEXER
NEW DATA 2 —€ FROM F4
INPUT 1 ]
loa l1a l2a I3a lob l1b l26 I3b loal1a l2a l3a lob l1b l2b '3b
Xo So So
SEE OPERATION | (SHIFT AM 9309 AM 9309
SELECT TABLE ] ENABLE) X, S, DUAL 4 INPUT MULTIPLEXER s, DUAL 4 INPUT MULTIPLEXER
Xo X;| OPERATION Z, I, Zy, Iy Za Za L, 2
L L |LOAD NEW DATA ? Q B 5
H L [NO SHIFT
L H | SHIFT LEFT
H H | SHIFT RIGHT y ¥ OUTPUTS Y \

Fig. 5—MSI system is used to illustrate how speed calculations
are applied. The Am 9340 arithmetic logic unit adds, subtracts,
AND’s, or EXCLUSIVE OR’s two 4-bit operands, A, and B ,. The
result, F,, goes to a multiplexer and then to the inputs of Am
9338 multiple port registers, which are 8-bit synchronous memo-
ries. Because it is synchronously controlled by a clock input, its
outputs can be fed in a loop back to its input without race condi-
tions occurring. A cycle is initiated by a clock pulse on the Am
9338’s, followed by three addresses, which define sources for the
two operands, and the location for the stored result. Operation
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codes are applied to the select inputs of the Am 9340 arithmetic
logic unit and to the select inputs of the Am 9309 multiplexers.

The two operands come out of the register following the two
read addresses and a delay (tpd, address to output). The result
appears at the F,, (ALU) outputs after another delay through it
and finally arrives at the multiple port register input, subsequent
to the multiplexer delay. This result must be at the register input
for a full set-up time before the register can be clocked to store
the data and begin a new cycle. Minimum timing calculations
would be quite difficult without the system in Fig. 6.
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TIME (ns) 0 25 50 75 100 125 150 175
] ' ' 1 1 ] 1 )
2 / N N\,
ADDRESSES ;
AND SELECT
CODES
ZB, Z2C
FROM 9338
Fo-3
FROM 9340
D INPUT
TO 9338 XXX 3
DEVICE PARAMETER DESCRIPTION MIN. MAX. UNITS ~ KEY TO TIMING DIAGRAM
tpd (BC - 2) Delay from B and C 12 65 ns Waveform  Inputs Outputs
addresses to Z outputs Must Be Will Be
Am9338 ts(D) Data set-up time 3 25 ns __ Steady Steady
tpw CPL Minimum clock LOW time 16 38 ns May Change Wil Be
Am9340 | tpd (AB-F) | Delay from A or B 10 40 ns From:H-to:L ggi‘%;"t% .
inputs to F outputs
— = et = —— Don’t Care Changing
Am9309 tpd (D - 2) Delay from data 8 25 ns Any Change State
inputs to outputs ] | T Permitted Unknown

Fig. 6—A timing diagram like this will determine minimum tim-

ing for the system shown in Fig. 5.

1. Assume a clock LOW to HIGH transition at T = 0 nsec initiat-
ing a cycle.

2. Also, assume that addresses and operation codes are derived
from the same clock and arrive at the devices 20 nsec after the
clock pulse. (For this system this is an arbitrary assumption,
since it hasn’t been indicated where these signals come from.)

3. After the B and C addresses are stable, delay tpd (BC-Z) max. is
required before the register output is stable, bringing T to 85
nsec. Note that shortly after the B and C addresses appear, the
outputs of all the circuits begin to change because the 9340
select code is also changing, as well as that to the multiplexer.

tgL MAX.
i€ tsL MIN.

J 7 S X O
70 N

77777, LOW TO HIGH CHANGE PERMITTED
T HIGH TO LOW CHANGE PERMITTED

tgH MIN.

Fig. 4— Variations within a large number of devices require that
close attention be paid to minimum and maximum set-up times.
The colored areas show where input transitions will not effect sys-
tem performance. Thus, differences in set-up times from device to
device can fall only in the shaded areas.

K, the level must be applied 15 nsec before the clock and
cannot be removed until 5 nsec after the clock. A LOW can
be applied 10 nsec before the clock and can be removed
coincident with the clock. The timing diagram in Fig. 4
indicates the regions during which data can change.

An example demonstrates the technique

In order to better understand how these speed calcula-
tions and analysis are applied in an MSI system, consider
the arithmetic processor illustrated in Fig. 5. Parameters
required to define minimum timing for this system are
listed in Fig. 6. By using these numbers, the system timing
diagram can be constructed.

Such an analysis is quite simple and can be used to de-

4. Following delay tpd (AB-F) max., the 9340 output is steady.
This bring us to T = 125 nsec.

5. Multiplexer output is steady at T = 150 after tpd (D-Z), and
good data finally reaches the multiple port register input. A 25
nsec set-up time is required, so a new clock LOW to HIGH
transition can occur at T = 175 at the earliest.

6. Since the clock to the Am 9338 must be LOW at least 16 nsec,
itmust go LOW atT = 175 — 16 = 159 nsec. It may go LOW
earlier, but it should not go LOW until the output of the regis-
ter has reached a steady state (T = 85). This is because the
9338 is a master-slave type device, and when the clock goes
LOW, the output latches up.

termine the maximum operating frequency of any system.
The type of diagram developed in Fig. 6 is absolutely es-
sential to the design of a reliable memory system or of any
system which is fed back upon itself. Semiconductor
manufacturers are generally quite conservative when they
specify maximum ac delays for their devices; therefore, a
system designed around data sheet limits should operate
reliably, with room to spare.

Minimum delays through devices, which are important
in “pipelined” systems, can be assumed to be 50 percent
of typical delays if they are not specified. The distribution
of delays through 1C’s is not “‘normal Gaussian.” It is “‘in-
stead, log normal,” with a steep slope on the low side of
the peak and a long tail on the high side. Thus, most IC
devices will have delays between 20 percent less and 50
percent more than the typical listed value. &
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A CAMBION® Double “QQ” Product Line

Coils with high Q" values have always been
available from CAMBION. You've probably
come to expect them as a matter of course.

What you may not have known, is that they are
available, off-the-shelf, in substantial quantities,
with identical performance characteristics to the
prototype units you may have purchased for
design development. Making quality coils avail-
able in quantity is the CAMBION Double “Q”
approach.

You can be choosy, too. Large families with over-
lapping inductance ranges or EIA nominal
values can satisfy your individual circuit needs.
Shielded or unshielded units for chassis or
printed circuit mounting. Variable inductances,

‘Standa i

The Guaranteed Electronic Components

fixed chokes, L-C filters, balun transformers,
toroids, micro-miniature types as small as .075”
X .170” (1/10th the size of a TO-5 transistor). All
come with fully guaranteed ratings.

We've got a catalog full of 'em. It’s yours for the
asking. And if, by chance, you can’t find just the
right one, we’ll custom design one for you and
guarantee to deliver additional identical units
in quantity. That’s just one more way CAMBION
shows that the quality stands up as the quantity
goes on. Cambridge Thermionic Corporation,
445 Concord Avenue, Cambridge, Massachu-

setts 02138. Phone: 617-491-5400. In Los Angeles:

8703 La Tijera Boulevard. Phone: 213-776-0472.

At Gambion,coils
have a Double 00"
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ANOTHER MYTH DESTROYED.

Myih: National doesn't make FET op amps. And, even if they

did, they probably wouldn’t be as good as bipolar
devices. And, besides, everybody knows that FET op
amps have lousy offset voltage and drift specs.

And, FETop amps are too expensive. And, anyway, why
not just go to a module house in the first place...

National does make FET op amps. A “family” of five
devices, to be exact. Including the super precise

new LHO052Z (with an offset voltage of 0.1mV, an offset
voltage drift of just 5uV/°C, and bias current of less
than 1pA); the LHO022 (high performance good general
purpose FETop amp); the LHO042 (lowest cost FETop
amp on the market with even better performance than
cheap module designs); the LHO033 (at 1500V/uS, the
fastest voltage follower available anywhere); the LHO032
(a 500V/uS device); and coming soon: The precise-
and-speedy new LHO062 (slew rate, 80 V/uS; bandwidth,
15MHz; settling rate, 800nS). Significantly, each of

the above was designed and manufactured completely
in-house using a special chip construction technique
combining the best of JFET and bipolar technologies. All
of which goes to show that FET op amps are, indeed,
alive and well at National Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara, California
95051. Phone (408) 732-5000. TWX: (910) 339-9240.
Cable: NATSEMICON.

NATIONAL.
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Bob Fillingham and Carlos Chong of Nemonic Data Systems

speak out on plated-wire memories

Cores, semiconductors, plated-wire .

. where is each best? How will they

divide the huge memory market of the mid-70’s? Here are some answers and predictions.

Plated-wire memories will soon account for a major por-
tion of the random-access memory market. The independ-
ent (non-IBM) computer market for 1973 is projected at
about $2.5 billion. Of that $2.5 billion, approximately
$625 million will be spent on high-speed random-access
memories. Plated-wire memories will account for over
$170 million, or more than one-tenth of the 1973 market.

The weak markets of 1970 and ’71, while slowing the
growth of all memory makers, have actually put plated
wire into a very sound position for growth.

All but one or two semiconductor-memory makers have
lost vast sums of money. Some of them are no longer in the
market place at all. The core-memory houses are not all in
the same serious loss positions but have been forced into
alarming price and profit-erosion situations. Plated-wire
manufacturers have not escaped unscathed; no one has.
But the plated-wire companies that survived have managed
to show promising expansion and have not generally been
forced into the cost cutting that has been so injurious to the
semiconductor and core manufacturers. The reasons for
plated wire’s excellent position are the very reasons that
the core and semiconductor manufacturers have been hurt.
First, the slowdown or stoppage of large capital expendi-
tures by many major users have given them time, and
reason, to take another hard look at various random-access
memory technologies.

Many large orders that would by default have gone to
core memories 2 years ago, will go to plated wire next
year.

Secondly, many users who would have purchased semi-
conductor memories have been forced into a “holding
position”” by the continuing evolvement of technology and
price. This industry is literally boiling, and until some stan-
dardization and stability is established, many potential
users will go elsewhere. Many of these customers will se-
lect plated-wire memories.

The semiconductor-memory manufacturers are still in
for a few more hard years because main-frame manufac-
turers, who have typically gone out-of-house for about 60
percent of their memories, will change this policy as they
shift to semiconductors. Most of them will, as IBM already
has, bring their semiconductor capability in-house. All
indicators seem to point to a reduction in the number of
semiconductor-memory manufacturers in the next few
years. Paradoxically, this will occur when the dollar vol-
ume of their industry is making a significant increase.
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Make no mistake though; semiconductor memories are
for real. They will, in time, account for a healthy portion
of the high-speed random-access memory market.

Core memories have continued to dominate the market
by sheer momentum. It's hard to believe that core memo-
ries could dominate the field as long as they have, but this
cannot continue. The speeds already attained by semicon-
ductor and plated-wire memories are totally beyond the
capabilities of core. More important is the difficulty of
automating core-memory fabrication. Both semiconductor
and plated-wire technologies are readily automated, and
eventually this will force core out of it’s last stronghold —
mass-storage memories. Plated-wire memories can already
meet core prices head-on from about 16K words up. Half-
million-bit plated-wire memories are now being delivered
at a shade over 0.1 cent per bit.

Five-million-bit plated-wire memories in reasonable
quantities (say 10 to 20 units) could be delivered today at
around 0.7 cent per bit.

Core manufacturers are hard pressed to meet such prices,
and the inherent speed advantage of plated wire will
swing many users away from core memories.

“Most really big semiconductor manufacturers aren’t pushing
memory technology. They are just keeping up now, but once the
industry stabilizes, they’ll make a drive of their own, force most of
today’s technological and price leaders out of the market, and
walk off with all the marbles.”

EDN/EEE MARCH 1, 1972



‘“’Fabrication techniques used in plated wire give us an enviable
jump on semiconductor yields. We monitor the magnetic charac-
teristics of the wire continuously as it comes from the plating
tanks. When an anomaly occurs, we only lose a few inches of
wire. We have practically a 99.99 percent yield from raw ma-
terial, and better than 70 percent on a time-productivity basis.”

If core memories have one feature that makes them at-
tractive, it is nonvolatility. Loss of line power does not af-
fect data stored in the memories. Plated wire shares this
feature, but semiconductors do not. In general, power loss
means data loss in a semiconductor memory. This, no
doubt, is one of the areas that semiconductor makers are
working on right now. They will probably solve this prob-
lem, but the solution will add greatly to their cost. For this
reason, we feel that it will be a long time before semicon-
ductor memories make any strong inroads into the bulk-
storage market.

Plated-wire memories have only recently begun to pen-
etrate the mainframe market in this country. The United
States has lagged behind Japan and Europe in this respect.
Japanese and European manufacturers couldn’t sell a tech-
nology that was “just as good’’, and were looking at cost-
effectiveness more objectively. They came to the same
conclusions that are now being reached in this country;
that plated wire is the next step in high-speed random-
access memory technology.

One of the most difficult obstacles for any new technol-
ogy to overcome is ‘“‘old-thinking”” on the part of engi-
neers and managers.

For some reason, ““old-thinking’”” can begin at any age.
There are engineers today who are still designing new sys-
tems around core memories. They are doing this because
they designed with cores when they were 21 years old and
are very comfortable with core designs. It doesn’t matter
whether they are 25, 35 or 85 today. If cores work well for
him, the ““old-thinker’” is unwilling to change until he is
forced to. The “old-thinking”” manager is a little easier to
understand, especially if his background is nontechnical.

It is very had to convince someone who has no scientific
bent that a millionth of a second is really much slower
than a billionth of a second. They just can’t relate.

Further, a large segment of management tends to put a
heavy bias on the cost portion of a cost-effectiveness anal-
ysis. One legitimate factor which has helped the “‘old-
thinkers”” stick to cores is a nearly 20-year documented
reliability history. Fortunately for the newer technologies,
there are “‘new-thinkers”” of all ages in both engineering
and management who are willing to learn new techniques
and who really understand cost-effectiveness. Plated wire,
by now, has achieved a good history of reliability as have
semiconductors — if not as components of IC memories, at
least in other IC configurations. Finally, the outright price
advantage of core is all but gone.

One area that will greatly aid the growth of plated-wire
memories is the booming minicomputer market. As more
and more minis are placed in the “hostile’”” environment of
factories, in the process-control roles for which they are
ideally suited, the demand for plated-wire memories will
increase. Plated wire is uniquely qualified for such appli-
cations because of its speed and nonvolatility.

Several other technologies such as bubbles and opticals
are on the horizon. Neither have shown their true poten-
tial yet, and it may be years before it is realized. One thing
that seems apparent at this time is that the next generation
of memory technologies will be much more specialized.
They probably will not even have the capability to fulfill
the entire spectrum of memory applications that today’s
technologies have. There are reasons why you wouldn’t
want to—but could—design an entire computer today
with buffer, main store and bulk store memories using all
plated wire, or all semiconductor, or all ferrite core. This
ability very likely will not exist in the next generation.
Bubbles seem destined only for massive bulk storage ap-
plications, competing with tapes and discs. Optical mem-
ories, thus far, have found their way into only a few read-
only memories.

Evolution in the near future, for plated wire, seems to
point to “‘mini-wire”’. Presently most plated wire is 5-mil

iHii

‘““Magnetic-core memories have been around too long already.
Their share of the market will, within a few years, be divided
among plated-wire and semiconductor memories, and perhaps
one or two very specialized new technologies.”’
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GROUND PLANE

BIT CURRENT

PLATED WIRES

WORD CURRENT

EASY AXIS

Fig. 1—Plated wire consists of a magnetic film electrodeposited
around a cylindrical substrate. Presently, 0.005-inch diam beryl-
lium-copper wire is the most commonly used base material. To
eliminate surface defects, the wire is polished and plated with cop-
per prior to the deposition of the memory element, which is a
zero-magnetostrictive nickel-iron composition of approximately
81 percent nickel and 19 percent iron. Plated wire has a non-iso-
tropic magnetic structure that has an easy axis in the circumferen-
tial direction resting in either clockwise or counter clockwise
sense. This represents the binary form of the stored information.
Each intersection of a plated wire and a word strap is a storage
cell for a bit.

In writing, the plated wire serves as its own bit wire. At the same

diam but mini-wire systems now being introduced use 2-
1/2-mil or smaller wire. 2-1/2-mil is about the limit of to-
day’s technology because the lack of rigidity in smaller
sizes makes the wire very hard to handle in the assembly
operations. The advantages of mini-wire are readily appar-
ent. Packing density (bits per in?) is more than doubled.
Drive current is reduced to 40 percent, providing better
compatibility with low-power IC drivers. The net result
will be even lower initial prices, smaller packages, and
lower power dissipation.

Today a designer has the choice of three technologies. If
you can live with 750 nsec to 1 usec or slower, and if
price is very important, you may buy a core memory.
There are so many standard core memories that you can
probably find an off-the-shelf one that will suit your pur-
pose. If you need much higher speeds, if volatility is not a
problem, and if price is not of primary importance, you
will want to take a hard look at semiconductors, especially
for smaller size memories, say 50K-bit and under or for
short production runs. If you need non-volatile informa-
tion storage, if price is important, and if you can make use
of the speed and savings in associated circuitry that ac-
company a non-destructive readout, you will find a plat-
ed-wire memory very attractive. Welcome to the club! ™=
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time that the magnetization vector is partially rotated by a word-
current field, a small current is driven through the bit wire. This
current generates a circumferential field that orients the magneti-
zation in the proper direction. In other words, writing is a coinci-
dent-current operation in which the bit current must be large
enough to switch the film under the word strap, but small enough
not to disturb the film under the inactive word straps.

In reading, the plated wire serves as its own sense line. Word cur-
rent creates a field that switches the film’s magnetic vector 45
degrees at the intersection. This change causes a flux change to
induce a positive or negative voltage, depending upon the infor-
mation stored in the line. When the word current is removed, the
vector returns to the original orientation .
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strong
and profil

Bodine FHP motors and gearmotors

Bodine’s K-2 line has a history of dependability, long life,
and consistent motor-to-motor performance. You get
greater economy in the long run. Ball bearing rotors and
individual run-in are standard. Performance options include
high starting torque for inertia loads, low inertia rotor for
fast response in servo applications, dynamic braking
capability, torque motor application, and reluctance syn-
chronous operation. Two new
bulletins from Bodine covering
K-2 motors and gearmotors are
now available. Get both from . ..

BODINE
"mio"a'/hcuepuwer R

o0t
MOTORS =

the power behind the leading products

Bodine Electric Co., 2512 West Bradley PI., Chicago, Ill. 60618
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The thin switch

Designed for the new micro panels.

EECo’s series-1976 rotary thumbwheel switches are
only 0.35 inches wide, yet a lot of features are
packed into that small space. Including: — 38 stand-
ard codes — 8, 10, and 12 positions — lighting —
mother-board compatible terminals — component-
mounting provisions — and field-adjustable stops.

And, they're all backed by EECo’s exclusive 2-year
warranty.

[

Fl'¢¢ Send today for |

our 8-page Series-1976 bro- |
chure describing the most
complete line of thin switches
available anywhere;

Electronic Products Division

Electronic Engineering Company of California

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

Dist. by: G.S. Marshall — Hall-Mark — Schweber
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DC to DC POWER SUPPLIES
FOR GREATER RELIABILITY
AND MORE ECONOMY

I 1,000 STANDARD MODELS TO CHOOSE FROM
B PRINTED CIRCUIT PINS — SOLDER TERMINALS
B HIGH AND LOW
VOLTAGE

B METAL OR EPOXY
CASES

H UP TO 20 WATT
PACKAGES

B REGULATED —
UNREGULATED

B UNITS QUALIFIED
TO MIL SPECS.

I DELIVERY FROM
STOCK TO 2 WEEKS

B Send for free catalog.

MIL ELECTRONICS, INC.

LOWELL, MASS. 01854 617-453-4142
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demonstrates

BIG STOCK AND
CUSTOM SERVICES

Crown Gears
Miter Gears
Rack Gears
Worm Gears
Helical Gears
Spiral Gears
Ring Gears

= Gear Clusters

= Gears with Hubs,
Spacers

= Gears with Shafts

u Gears with Cams

= Spur Gears

= Bevel Gears

Write today for GRC Gear Kit, Stock List
and Designers’ Aids on Your Letterhead {

Gries Reprodéér Co.

Division of Coats & Clark Inc.
136 Beechwood Ave., New Rochelle, N. Y. 10802 . (914) 633-8600
Plants in: New Rochelle, N. Y.; Warren, R. |.; Toccoa, Ga.
In Canada: Gries Div., Dynacast Ltd. Lachine, Que.
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Don’t neglect the solid-state switch

Now that the driver is contained in the same package as the analog switch, this
versatile component should be a standard item in the circuit designer’s bag of tricks.

Dave Fullagar, Intersil, Inc.

The analog switch performs the same function as a reed
relay. It is remotely controlled and has sets of contacts
which can operate as single-throw or double-throw
switches. A total comparison with reeds is misleading,
however, since the solid-state analog switch is capable of
usage in many applications where reeds cannot be consid-
ered. They are much faster, smaller, and more reliable
than their mechanical counterparts. And prices are low.
Most important, analog switches are easy to use.

Despite all the advantages of the analog switch, many

? Y
|

1

V. |

o—~AAA—O " v
v o——o out

out

B

A

Fig. 1. Simple drivers can be used when the analog switch is
placed at the summing point of an op amp (a). When the switch
FET sees the full analog signal swing, more elaborate drivers are
required (b).

designers appear reluctant to make full use of their poten-
tial. This is probably due in large part to bad experiences
with do-it-yourself driver designs. As many designers
found out, it is by no means simple to ensure that the FET
switch stays off when it is supposed to be off, and remains
on when it is supposed to be on. The problem is com-

+15V *10 VOLT
ANALOG INPUT

DRIVER
INPUT

5V

s

DRIVER
OUTPUT

7 CP ¥ -15v

Fig. 4. The driver must hold the N-channel J-FET in the correct
state for the =10V input signals.

FET or MOSFET switches is contained within the integrat-
ed circuit.

It isn’t necessary to understand the design details of the
driver portion of an analog switch/driver combination to
use the complete IC, but some appreciation of the circuit
operation may help in quickly selecting the most appropri-
ate part for a given application.

ANALOG INPUT

10K

ANALOG
INPUT

Fig. 2. For simple applications of the Fig. 1 type the analog
switch circuit may be just an FET and a diode.

pounded when =10 volt analog signals are being handled.

The introduction of complete switch/driver combina-
tions in one package has eliminated these uncertainties.
The control-signal logic levels are TTL compatible, and all
the necessary circuitry to ensure correct operation of the

Fig. 3. The high on-resistance of P-channel FETs can be cancelled
by using an identical FET in series with the op amp feedback re-
sistor.
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Fig. 5. For a MOSFET switch the driver switches the MOSFET
between the +10V and —20V supply lines.

Two types of drivers are used

For J-FETs, two types of driver designs are in use. The
simplest is suitable for all applications where the switches
are placed at the summing junction (virtual ground point) of
an operational amplifier (Fig. 1a). For applications where
the FET sees the full analog signal swing, Fig. 1b for exam-
ple, a more universal driver design is used.

- IH5002
—
o [(~_ | ou
IN | 10K O
o—,c/: o-—rVVV\-—

|

1

| |

1 I

| |

CONTROL | b—= |
5V L=

Nyl =

Fig. 6. Low-cost sample and hold circuit uses the IH5002, which
is a 5082 on resistance J-FET driver/switch combination packaged
in an 8-lead plastic DIP. Switching time at 25°C is guaranteed to
be <1usec. The decay rate in the hold mode is dependent on the
741 input current, and is typically 800xV/msec.

ED NEEEMARCEH 1, 1972



The virtual ground concept is important since the signal
amplitudes appearing at the switch are small, even though
V,, and V_, (Fig. 1) may be large. This greatly simplifies the
circuit design of the analog gate; each channel simply con-
sists of a P- channel FET and a diode (Fig. 2). Costs as low as
$1 per channel are realized with the Intersil IH5009/5010
family using this approach (Ref. 1). A recent market survey
has shown that more than 70 percent of analog switching is
performed at a virtual ground point.

The finite on-resistance of the P- channel FETs may be
compensated for by using an additional FET in the feedback

IH5009/5010
ihgpmems et r — 10k
Swl [
I
) 03
I
o\ 10K 1T
£ sy 1]
= i
g L OUTPUT
< 10kg 1= —O
<
= 9l
| G0
10kQ |
O AWVAO§—
13!
| -
— qr — —
2
- o & 14
CHANNEL SELECT

Fig. 7. Low cost 4-channel multiplexer makes use of the extra FET
in series with the feedback resistor, effectively cancelling the
switch resistance. The 301A hooked up as shown will slew at
about 10V/usec, and the overall multiplexer settles to 0.1% in
about 1.5usec.

loop (Fig. 3). As an example, an extra FET for this purpose is
included in the IH5010 package. The R (,,, of this FET
is guaranteed to be within 50Q of the other FETs in the
package. Selections down to 50 match are available. By
this means, the effective switch resistance can be reduced
by a factor of 30, from 15042 to 5€).

Typical J-FET and MOSFET drivers

In applications where the switch sees large analog sig-
nals, or where lower on-resistances are required, an N-
channel J-FET is used. In these cases the driver must en-
sure that the FET remains in the correct state for =10V

s—]_r[—_'

w
&
o= |
oo
= 10ke 1
£ jra % 1 ey
<
= 0
<<
105:1 -
I
13 |
P4 | 5 ] g
SAMPLE/HOLD _’__:_Jm o7 08 04
SELECT T

CHANNEL SELECT

Fig. 8. In this 3-channel multiplexer with sample and hold, three
out of the four switches are used to perform the multiplexing. The
final switch controls the sample and hold. The signal decay rate
in the hold mode is determined by C,, and the worst-case leakage
of the TH5009 (200 pA).

1,

o1 07 lB 14

R
A e R
GAIN SELECT

EOUT/ In = Reg

Fig. 9. A typical gain-programmable amplifier is shown. This one
shows a current-to-voltage converter using J-FET switches and an
8007 FET input amplifier.

input signals. A simplified schematic of such a driver is
shown in Fig. 4.

When Q, is off, Q, is off and the FET gate is held at
—14.3V. For V, < 4V, the FET will remain off for +10
inputs. When Q, is turned on, Q, is turned on momentar-
ily. The time is arranged to provide the optimum charge at
the FET gate to switch it from the off to the on state. When

? ? CENTER FREQUENCY, f_
! 1
e _I___ e ——
c; {— /"—-:-/ ﬂl (o = 2xy R1Cv1R2C2
( ~ \ L |
c i : A ( Q = (2-R;/R,)
1 e | 2
(._{:.-L/._a_.-l—.—_-i__l_, (_._4 fc
IH5009 4 ' - BANDWIDTH
1 R

R 2
e EO\JT
E —0
IH5009 [—"'
[— S § AA

Fig. 10. Tunable bandpass active-filter features independent con-
trol of center frequency and Q. The analog switch in the negative
feedback loop determines the value of [ while that in the posi-
tive feedback loop programs the Q.

a MOSFET is used, the driver simply derives —19V to
+10V from the 0 to +5V TTL input. A circuit such as that
shown in Fig. 5 does the trick.

Applications show advantages

A cross-section of the many possible circuit applications
for solid-state analog switches is shown in Figs. 6 through
1l S :
References
1. Intersil Application Note A004 “The IH5009 Series of
low-cost, high-performance analog switches.”’
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Solid-state 100W amplifier
operates from a 12V source

This linear power amplifier for SSB applications uses only four transistors
and spans 1.5 to 30 MHz with less then —30 dB of intermodulation distortion.

Don Schultz, TRW Semiconductors

A linear T00W power amplifier for SSB transmitter appli-
cations can be designed with only four transistors. The
wideband amplifier operates from a 12V source and
covers the frequency range of 1.5 to 30 MHz. It features
intermodulation distortion of better than —30 dB and is
capable of withstanding open and short-circuit load condi-
tions at full output.

The all-solid-state design approach offers users and
manufacturers of HF/SSB equipment several advantages
over a vacuum-tube design. These include improved relia-
bility, small size, high efficiency and an instantaneous
bandwidth.

Amplifier design

Four TRW Semiconductor type PT5741 transistors are
used in the amplifier (see Fig. 3). Each transistor exhibits a
load impedance of 2.4Q) and an effective junction-to-case
thermal resistance of 2.5° C/W. Each is rated for 30W of
output power dissipation.

A push-pull configuration is used since the object is to
design an untuned amplifier covering five octaves of band-
width, and harmonics are of major importance. The Class B
amplifier has harmonics in its output which are a function
of the ratio f_/f (cutoff frequency to operating frequency)

o

and the selectivity of the output matching network. Even-

order harmonics 40 dB down are easily achieved with this
design, while off-order harmonics can be conveniently fil-
tered.

The amplifier is shown schematically in Fig. 1. The two
pairs of PT5741 transistors are operated in a push-pull con-
figuration and then combined with zero-degree hybrid
transformers T, and T, to convert the nominal 500 source
and load impedance to two 100€) ports which are in phase.
Any amplitude or phase unbalance causes power to be
dumped in resistors R, and R...

Impedance matching

Transformers T,, T,, T,, and T, employ two ferrite-loaded
brass tubes each, which form center-tapped, U-shaped
windings. The high impedance winding is threaded, in con-
tinuous turns, through the brass tubing until the desired
turns ratio is achieved and is determined for the collector as
follows:

N e, "
N, V2(v, - V)

sat

where:

COMPONENT VALUE

C, 62 pF

C,, Ci3, Ci5 1000 pF

Csz, Cg, Ci4, Cig 0.1K4F 50V

C4, Cs, Ca, C1o  0.01 #F 50V

Cai C7:/Ci 14613, 0.0014F 50V

Ci7, C1g 25 uF 35V

Ly 2.2 #H (molded)
Ri. Re 100 21 /2W (carbon)
Ro. R, Ra. Rs 1.0 21/2W (carbon)
Ry 100 2 2W (carbon)

Q,, Q,, Q;,and Q4 are TRW transistors type PT5741.

QUTPUT

]

Fig. 1—This 100W linear power amplifier for SSB transmitter appli-
cations operates from a 12V source. It uses only four transistors in a
push-pull output configuration to operate over a frequency range of
1.5 to 30 MHz. The amplifier tolerates a wide range of operating
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temperatures, bias, load VSWR and overdrive conditions with a
minimum of control circuitry. Its intermodulation distortion is bet-
ter than—30 dB and it can withstand both open and short-circuit
load conditions.
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Z,, = summing-port impedance (1000))

combined output power for the pair of transis-
tors (55W)

V.. = collector supply voltage (13.6V nominal)

\% rf saturation voltage (1.5V)

sat

The turns ratio of the input transformer is determined by:

NI e, \/ Zin = 4 2
N‘.! - 2Znom i ( )
where:
Z,, = summing-port impedance (100()

nom = ZI,FZIIF (3)

The quantities Z,,, and Z,,,. are the complex input imped-
ance of the transistors at the low (1.5 MHz) and high-
frequency (30 MHz) extremes, respectively. For the PT5741,
these values are:

Lip
6) Zyy

The calculated turns ratio for the output transformer
agrees with that chosen for the finished amplifier. The input
transformers, however, are found to be more optimum with
a5:1 turns ratio, which improved the match at the high end
of the band.

Gain vs frequency response and the input match are tai-
lored by the addition of L,, R, and C, at the amplifier input.
If should be noted that no extensive effort has been made to
improve the input match and gain-frequency characteris-

(6.3-j0.85)Q =~ 6.4 @)
(0.95-j0.85)Q =~ 1.6Q

tics. A more complex network would certainly yield im-'
proved results. In the circuit, C, compensates, at high fre-
quencies, for some of the leakage inductance present in T,
and T,. As the frequency decreases, the inductive reactance
X,, decreases and resistor R, is allowed to absorb a portion
of the input driver power.

Collector feed network

The collector feed transformers T, and T, combine with
the output matching transformers to form a modified 180°
hybrid combiner. The usual ballast resistor, which would
normally be 1.2Q), is replaced by a dc buss. Due to the
modified combiner, differences in phase or amplitude that
would otherwise exist at the collectors are now minimized
by allowing the difference current to be by-passed to
ground. The resulting output currents in T, and T, are highly
balanced and provide exceptional second-harmonic rejec-
tion.

Details of the transformers’ constructions are shown in
Fig. 2. The ferrite material used has an initial permeability
of 800 and remains about 200 at 30 MHz. Losses in the fer-
rite are quite low and the ferrite temperature rise is typically
less than 20°C at cw output. The Curie temperature is
150°C minimum (165°C typical).

One of the most demanding aspects of linear power am-
plifier design is the bias network and associated tempera-
ture stability. Three major factors are important:

1. Large-signal rf amplifiers will generally rectify a portion
of the input signal. If the base-emitter resistance is high,
the amplifier will be biased Class AB for small signals,
but will self-bias to Class C operation under large-signal
conditions. The shift in operating point seriously in-
creases intermodulation distortion. The bias source re-

T, T and T 7,
m @)

2 O

Winding Details
Twisted pair, #18 enameled copper wire, 5 twists per inch (not
critical)

T, and T are identical to T, and T, but are not mounted on PC
frames.

Fig. 2— Assembly and winding details. The left photo is that of
transformers T,, T., T, and T, while the right one shows T, and
T,. Each transformer is constructed of columns of ferrite beads

All ferrite beads are CN-20, type C-1-2 (Ceramic Magnetics, Inc., Fairfield, N). L = 0.190", O.D. = 0.380"", I.D. = 0.190"".

T, . lband T, T,
(1) (4)

2)

(3) (5)

Winding Details

1-3: One turn, consisting of 2 pieces of brass tubing, 0.190""
O.D.. T, and T, use 0.80"" long tubes. T, and T, use
1.375"" tubes.

4-5: T, and T, use 5 turns of #18 enameled copper wire.
T, and T, use 4 turns of #18 enameled copper wire.

stacked atop one another (4 columns for T,, T., T, and T_ and 2
columns for T, and T,). Single-sided G-10 epoxy-fiberglass ¢
boards are used on the ends.
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sistance must therefore be kept very low, usually in the
order of 0.5 to 1€).

2. Intermodulation distortion is usually minimum over a
relatively narrow range of quiescent collector current.
The boundaries are established by cross-over distortion
and by the dc safe operating current. The transistors
used in this design have safe operating currents of 6A at
13V and therefore have wide ranges of quiescent cur-
rents for which there are no measureable changes in in-
termodulation distortion.

3. Under small-signal conditions, the transistor dissipation
is low, and the junction temperature will be quite close
to the heat sink temperature. During periods of peak
power dissipation, however, the junction temperature
will rise. Recalling that we have essentially a constant-
voltage bias source, and that the temperature coefficient
of the emitter-base voltage is —2 mV/°C, we can easily
foresee a potential for thermal destruction. Since the
junction-to-case thermal time constant is in the order of
microseconds, a dangerous situation can exist with
changes in either peak power output, load VSWR, or
ambient temperature.

Factor number 3 is most important. If thermal equilibri-
um cannot be maintained, destruction is rapid and com-
plete. A criterion for thermal equilibrium can be derived as
follows:

d(,) =g, dv, (6)
d(1,)V,, = 8, V.. dV, )
d(Pyiss) = 8y Voo dVy (7a)

d(P.,,) 07 = 8 Ve O dV, (8)

d(T) = g, Ve 0, dV, (8a)

d(T;) = 8 Vee Or (8b)

We know that the normal variation of V, with temperature
is —0.002V/°C. Thus:

dT,
—< (critical) = 500° C/V
dv,

and any condition which causes dT;/dV, to exceed 500°
C/V will induce thermal run-away.

Equation 8b gives quantitative insight into thermal sta-
bility and is an excellent guide to both the circuit and
transistor designer. The transistors employed in the design
embody improvements in each of the factors contained in
equation 8b:

g,, The transconductance of the PT5741 is typically
2 mhos and is essentially constant at currents up
to 5A. This is achieved by extensive use of emitter
ballast resistors at each emitter site.

V.. Since the transistor is designed to operate at 12V,
there is a 2.3:1 improvement in thermal stability
compared to 28V types.

O, The transistor employs a single chip with a num-
ber of thermally isolated cells. Heat build-up due
to thermal interaction is prevented and improved
thermal impedance is achieved. The maximum
O, . is 1.75° C/W. The thermal stability factor is:

J-C

dT;
dv, =2X12x175=42

Furthermore, the amplifier is tolerant of both open and
short-circuit load conditions at full-power output. It is par-
ticularly significant that the load mismatch is non-destruc-
tive even though there is no external temperature compen-
sation and the total amplifier dissipation exceeds 200W
under short-circuit conditions.

Amplifier performance

A number of linear power amplifiers have been con-
structed of the type shown in Fig. 3. They exhibit power
transfer characteristics that are nearly linear under cw con-
ditions at about 28MHz, with each amplifier terminated in
a resistive 500 load. Sudden removal of the rf drive does
not result in thermal hot-spotting.

Fig. 3—In the layout of 100W linear power amplifier positioning
of the four output transistors (located between the two rows of
transformers) is critical. For example, at 30 MHz an extremely
small value of 6 nH of inductance (which can be caused by an ex-
tra twist of wire) contributes about 1.2Q of inductive reactance in
the transistor’s collector circuit. This would double the amount of
resistance normally found in the collector output circuit to ground,
and would contribute to output phase imbalance.

The uncompensated power gain is about.25 dB at 1.5
MHz and drops off almost linearly to 15 dB at 30 MHz.
Uncompensated gain is achieved by removing L,, R,, and
C,, but is corrected for reflected power. With compensation,
the amplifier’s power gain smooths out to about 20 dB over
9to 14 MHz (17 dB at 1.5 MHz and 15 dB at 30 MHz.)

Third-order products of intermodulation distortion char-
acteristics are predominant while 11th order products are
typically down by more than—55 dB (when referenced to
one of two equal tones.) []
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Circuit Design Awards

PUT oscillator has 4-decade frequency range

Herb Cohen
Electret Corp. New York N.Y. 10023

A simple PUT relaxation oscillator, as shown in (a), has a
tendency to “’latch up” when the current in P, exceeds the
valley current of the PUT. This severely limits the com-
ponent values and voltages for the design of wide range
oscillators.

The addition of a single transistor, as shown in (b), will
prevent latching. When the PUT fires, Q, goes into satura-
tion, causing C, to be shorted out. Q, acts as a shunt path
for the PUT and reverse biases the anode and cathode of
the PUT momentarily, thereby assuring turn-off of the PUT.

An added benefit of C, discharging through Q, is that
Q, has a lower saturation voltage than the PUT. The dif-
ference varies from a few millivolts for some transistors
to 1.5 volts for many PUTs. When considering tempera-
ture stability, this difference allows much greater design
flexibility. The frequency range of this circuit is 7 Hz to
23 kHz. O

The usual approach to PUT oscillator design (a) offers limited fre-
quency range, and often suffers from “latch-up.” The addition of
Q, across C, (b) prevents latch-up and permits an operating fre-
quency range of 4 decades.

To Vote For This Circuit
Circle 150

Linear signal compressor has

wide dynamic range

Richard Karwoski
Raytheon Co. Sudbury, Mass.

Here is an unusual and flexible way to compress or limit
signals linearly and over a wide dynamic range.

Specific applications for this type of circuit occur in
high-quality sound recording or other situations where
small-amplitude audio signals must be compressed or
limited to prevent overdrive. Most conventional limiting
systems have drawbacks. Either they use nonlinear de-
vices which distort the signals or they provide an inexact
compression region which usually involves some sort of
calibration procedure and always involves trial-and-error
adjustments.

With the circuit shown in Fig. 1, amplifier A, produces a
dc control voltage. The audio input signal is amplified by

A, and rectified by CR to provide the dc input for A,.

“The main signal path is from input to output via A,. The
local feedback around A, allows compression and gain
adjustments. With R, shorted, the control circuitry has no
effect and the system becomes simply a linear voltage fol-
lower. The gain equation:

R, + R, i
e, = € [1 +Rf<——RSR—">:| (1)

50

reduces to e, = e,

The system shown in Fig. 1 is adjusted to provnde unity
gain with an input of 100 mV, regardless of the setting of
R;. No additional gain adjustments are needed even if the
limiting is readjusted.

The limiting mechanism is based on the following equa-
tion for the configuration shown:

=Y (2)

For small values of X, the equation degenerates to Y = X,
which is equivalent to one-to-one compression. For large
values of X, the output is asymptotically limiting.

Note the similarity between Eq. 2 and the well-know gain
formula of Eq. 3.

Ae,
TTAEC S &

In the limiter circuit, the feedback element B is an analog
multiplier, the conductance of which depends on the con-
trol voltage from A,, which in turn is proportional to the in-
put amplitude.

EDN/EEE MARCH 1; 1972



‘Fig. 1—Signal-compression circuit uses analog multiplier as
gain-control element. Input signal is rectified and applied to
multiplier which determines feedback to A,.

QUTPUT

7.8/1 WIDE OPEN
\ @100 mV
100
\‘/ / 100mV, 100my  CONSTANT
75 AMPLITUDE
@ REGION

|
>3/ e 100mV

PEAK OUTPUT (mV)

T
™1/1 NO COMPRESSION

il
25[

ol w00

PEAK INPUT (mV)

Fig. 2— Various input-output characteristics for different set-
tings of R, in the circuit of Fig. 1. Circuit is initially adjusted so
that it provides unity gain with a peak input of 100 mV.

The transfer function for the complete circuit is as fol-

lows:
eﬂ RS + RII
o=+ % Ger)l

1+ 410 (R/R)e; pk

(4)

A suitable value of R, can be selected so that the 100-mV
unity gain point remains the same for any setting of R.
Then, with respect to this initial setting, one can adjust

compression without affecting gain. Fig. 2 shows various
compression characteristics that can be obtained with the
component values shown in Fig. 1.

Any suitable analog multiplier can be used in this cir-
cuit. A Teledyne Philbrick Type 4452 was used in the
prototype version and it provided the required perfor-
mance. O

To Vote For This Circuit
Circle 151

Simple op amp relaxation oscillator

generates linear ramp output

Jerry Graeme,
Burr-Brown Research Corporation, Phoenix, Arizona

The common relaxation oscillator shown in (a) employs a
unijunction transistor (UJT), and provides a timing pulse
train and a crude ramp output. A fairly precise timing pulse
rate can be achieved by appropriate bias of the UJT to re-
move temperature sensitivity. However, the zero tempera-
ture-coefficient bias varies widely between UJTs of the
same type, making consistent low-drift bias impossible
without trimming. In addition, the ramp generated by the
relaxation oscillator generally has serious limitations.

Poor ramp linearity and output offset are two of these
limitations which can be overcome with the op amp cir-
cuit shown in (b). The discharging action provided by the
UJT is now provided by Q, and Q,, and the capacitor charg-
ing current through R, is now controlled by the op amp. To
insure a constant charging current to C,, the op amp feed-
back holds one end of R, at ground level. The voltage on
R, is then constant, and the charging current is independent
of the capacitor voltage. This results in a linear rise in out-
put voltage.

The output-voltage rise continues until Q, and Q, turn
on, as initiated by the emitter-base breakdown of Q,. Break-
down results from the inverted connection of Q, and pro-
vides a low output-voltage limit. Since the collector-base
junction of inverted Q, is forward biased, its voltage drop
is that of a forward biased junction.

This peak voltage is temperature stable because the
typical 2.6 mV/C sensitivity of —BV,, is largely cancelled
by the —2mV/C variation in V. As a result, the tempera-
ture coefficient of the output peak V,, is around 0.01%/°C.
Because the signal is a linear ramp, frequency drift is also
0.01%/°C Frequency, as set by the integration time, is:

Once the emitter-base junction of Q, breaks down, a
base current is supplied to Q,. Then Q,, in turn, supplies
base current to Q, and discharging current to the capaci-
tor. As the capacitor voltage drops below the breakdown
point, Q, and Q, (because of their positive feedback) re-
main on, to continue discharging C,. Discharging con-



1

(a)

_\_/:
R, £a
[35008

or equiv,

(b)

Frequency drift and nonlinearity of conventional relaxation oscillator (a) are removed by compensating junctions and linearizing of

the operational amplifier feedback (b).

tinues until the capacitor voltage will no longer sustain
V- At this point the capacitor voltage equals V,, and the
output er, . is zero. The cancelling voltage provided by V,
removes any output offset.

With this op amp circuit, the ramp-train frequency is
limited only by the slewing rate of the op amp selected.
Ramp linearity is limited by leakage from Q, and Q,, the
sensitivity of V toe,, and the op amp input-overload-recov-
ery following discharge. Leakage from Q, and Q, is limit-
ed by R,, which also prevents this leakage from turning

the transistors on. A stray turn-on current is also created by
capacitance coupling from the output, which means that
the selected value of R, is also frequency dependent.

Linearity errors from variations in V, are a result of the
change in the diode current as e, changes the drop on diode
bias resistor R,. Nonlinearity from all of these effects is
rarely more than 3%. O

To Vote For This Circuit
Circle 152

Single-digit BCD adder uses 3 ICs

Dennis W. Wood
The Boeing Co. Seattle, Wash.

A single-digit BCD adder can be implemented with only
three dual in-line packaged ICs. If more digits are required,
basic single-digit circuits can be cascaded, with the carry
out from one stage connected to the carry in of the next
stage.

As can be seen in the schematic, a single-digit BCD ad-
der uses two 4-bit binary full adders and a multiple-input
AND-OR gate.

The two BCD digits at the input are first added together in
IC,. If the sum of the two digits and the carry in is <9, there
is no need for a carry to the next stage, and the binary out-
put of IC, is simply the BCD sum.

The B inputs to IC, are wired such that IC, adds a count of
zero to IC,’s output if there is no carry, and adds a count of
six if there is a carry.

U1
re

If the sum of the two inputs and the carry in is =10, the
circuit must generate a carry out to the next BCD-digit
stage. The multiple AND-OR gate, IC,, detects the speci-
fied input conditions and generates the required carry out
signal.

The necessary input conditions for producing a carry
out are satisfied whenever one of the following states oc-
curs for IC,: S, and S, are true, or S, and S, are true, or the
carry C, is true.

Because the output of IC, is a binary sum instead of a
BCD sum, a further correction is needed. This involves add-
ing an extra count of six to the output of IC,, thus forcing
the binary counts of 10 through 19 to a count of 0 through
9. The procedure is summarized in the table.

Using similar techniques, it is possible to build a BCD-
digit subtractor instead of an adder. Also, the radix of the
adder can be changed to allow the addition of BCD min-
utes and seconds instead of straight digits. In this case, the
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INPUT
DIGITS

X1O_10A
0 O——4A,
1 0——=1A
X8 O——4A

n o—i48
Y20————-7—B
V40— 218,
YSO———EB

cARRY INO——24C,
(FROM PREVIOUS
DIGIT)

4 BIT
BINARY
FULL
ADDER

ic,
SN7483

4BIT
BINARY
FULL
ADDER QUTPUT
- DIGIT
§ 10§a, Do BB R
S, 8la 3., 18
g 2 2 () 72
34 3a, Sl
4 1 A4 24 15—0 8
Ic,
SN7483
IC. ikl i
SN74H52 1B,
B3
84
14
Cy C, L‘— NC
O CARRY OUT
(TO NEXT
DIGIT)

Simple BCD adder stage uses two 4-bit binary full adders and a
multiple-input AND-OR gate for each stage. Further digits can be

accommodated by cascading stages.

circuit should force a carry at a sum of six or greater and the
output of IC, should be corrected by adding a count of ten

togit <=3

Eeneratingacarry

SUM OF  |ADDER 1 |ADDER 2| “CARRY OUT”

INPUTS OUTPUTS| OUTPUTS TO

AND NEXT DIGIT

“CARRY IN” |C5 555 Z7,I7.17,
0 olofofojo| 0fofo o 0
1 olojojo[1] 0folof 0
2 0(0|0|1{0| 0|01 |0 0
3 oofo|r|1f oo 0
4 010(1({0|0] Of11]0 /0 0
b 0[0f1{0]1| Of1 0] 0
6 0[0f{1]1]{0] O|1 [1]0 0
Z 0011110111 0
8 0(1(0({0|0] 1{0 [0 |0 0
9 0f1]0({0j1] 1(0[O |1 0
10 0|1(0{1{0| 0|0 |0 O 1
11 0|1[0f{1{1]| 00|01 1
12 0(1]1/0[0] 0|01 |0 1
13 Of1({1{0j1] 001 |1 1
14 O|1(1{1{0| 0100 1
15 Ot|11(1j0110/1 1
16 110(010{0| Of1 |1 |0 1
17 110(0(0{1| 01|11 1
18 1(0]|0{1]0f 1|00 |0 1
19 1]0[0f{1{1]1]0j0[1 1

To Vote For This Circuit

Circle 153

CDA monthly winners: October 1, 1971
to go in March 1, 1972 issue
October 15, 1971
November 1, 1971

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

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

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

Readers have voted:

Leonard Accardi winner of the October 1 Savings
Bond Award. His winning circuit was called, “Super-
stable reference-voltage source”. Mr. Accardi is
with Kollsman Instrument Corp., Elmhurst, N.Y.

Charles A. Herbst winner of the October 15 Savings
Bond Award. His winning circuit was called, “’Digi-
tal Phase-locked loop with loss-of-lock monitor.”
Mr. Herbst is with Comfax Communications, Garden
City, N.Y.

Robert 1. White winner of the November 1 Savings
Bond Award. His winning circuit was called, “Gated
60 Hz clock avoids glitches.”” Mr. White is with the
University of Wisconsin, Madison, Wis.
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PROGRESS IN PRODUCTS

New 50A Schottky diode achieve long-term stability

A new 50-ampere, 20-volt hot-car-
rier Schottky barrier diode with an ex-
tremely low forward-voltage drop
achieves excellent long-term stability
through the use of a proprietary barri-
er-metallization technique, and oxide-
nitride passivation. The unit, the Inter-
national Rectifier 50HQ020, can be
applied efficiently in the 20-40 Hz
region.

Use of the oxide-nitride passivation
technique is significant; without it,
impurity ions such as ubiquitous so-
dium can migrate to the surface of the
silicon near the edge of the barrier.
This causes surface inversion and in-
creased leakage.

Improved stability for Schottky de-
vices is a sought after parameter since
it affects equipment reliability and
device utilization. For example, in
low-voltage applications using less-
stable power devices, leakage current
can increase with time; this can cause
a condition where the reverse power
losses become significant compared
with the forward power losses. The
resultant increase in junction tempera-
ture will further increase the reverse
power losses (due to an increase in
leakage current, which is temperature
dependent). This in turn can produce
a positive feedback condition, causing
a catastrophic device failure. Im-
proved stability of the new IR Schottky
markedly reduces the possibility of
this type of failure.

An additional major feature of the
new device is a reduction in the ef-
fects of temperature on leakage cur-
rent—a change of only 2:1 is exhibit-
ed when the temperature moves from
25 degrees C to 100 degrees C. Pre-
vious devices on the market can
change by as much as 5:1. The re-
duced sensitivity to temperature fur-
ther improves overall device reliability
with time and temperature.

The combined effect of improved
stability and reduced temperature sen-
sitivity means that designers can now

achieve reliable performance over
device lifetime and at close to full-rat-
ed specifications, without conservative
derating to ensure reliability.

Although high-power Schottkys rep-
resent a major new concept in power
rectification, the Schottky diode for
signal use has been around for years.

In the Schottky, which is essentially
a metal-to-semiconductor surface bar-
rier rectifier, the rectification takes
place at the interface between the
semiconductor material and the metal.
It is a majority carrier device and does
not have a PN junction like conven-
tional alloyed or diffused silicon recti-

verse switching current generated in a
Schottky device is a very low capaci-
tive displacement current.

Since the Schottky barrier units es-
sentially eliminate the current spike,
there is little reverse recovery energy
loss, which is one factor accounting for
the improved switching efficiencies of
the new units.

The lack of reverse recovery losses
is also the reason for the Schottky’s
improved operation at higher frequen-
cies. For example, at a frequency
where a PN junction device has re-
verse recovery losses equal to or
greater than the forward losses, the

f’ l’\ “\%\\\l\S\\“\\\3\\\\\3\\X\\\\l\!X!\%\iU\l\%\\\&'\l\t\&g\mlwﬁi*’:
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The 50HQO020 Schottky diode is supplied in a rugged industrial preferred DO-5 package,

and weighs about one ounce.

fier devices do. B

The Schottky behaves somewhat
analogously to the more familiar PN
junction rectifier, but has a substan-
tially lower voltage drop. Because it is
a majority carrier device, it does not
have the stored minority carrier
charge found in the typical PN junc-
tion devices. This means that the
Schottky switches more rapidly from
forward to reverse —that is, it switches
very rapidly into a blocking mode.

By contrast, in a PN junction de-
vice, minority carriers are stored in the
base region. When the device is
switched into the reverse mode, the
store charge is swept out, resulting in
a reverse current spike. The only re-

device can be operated at or less than
half the rated forward power. But at
the same frequency, the reverse losses
in the Schottky are still low compared
to the forward losses, so there is less
need to derate the Schottky as a func-
tion of frequency.

The lower forward voltage drop of
the Schottky, 0.65V at T00A peak in
the case of the IR device (versus 1 to
1.5V for a PN junction device), is ob-
tained because the potential drop (or
barrier voltage) at the metal-to-semi-
conductor barrier is roughly half that
of a PN junction; as well as because
of the use of a thin silicon epitaxial
layer in conjunction with an extreme-
ly low resistance silicon substrate. The
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substrate acts as a series resistance in
the forward direction.

Because of voltage capability limita-
tions the new device is only suitable
for low-voltage rectification. How-
ever, since its forward voltage drop is
only about half that of a standard PN
junction devices’s drop, the Schottky
can dramatically improve system effi-
ciency. For example, consider the
case of a 5V, 100A square-wave in-
verter power supply using a standard
diode with a forward voltage drop of
1.15V, and requiring an input to the
rectifier of 6.15V at 100A. This is 615
watts in and 500 watts out, or an effi-
ciency of 81 percent. For the same
system using a Schottky, the input to

Fully programmable synthesizer sets standards in sophistication

Frequency synthesizers fall into two
categories: low-cost, moderate-per-
formance types (about $2500) gener-
ally used in automatic-testing applica-
tions, and more expensive ones ($5000
or more) that offer greater sophistication
and high-quality outputs needed in
communication systems.

One of the most sophisticated syn-
thesizers is one introduced by Hew-
lett-Packard. The automatic Model
3330B uses built-in ROMs that allow
the instrument to be fully programmed
(amplitude and frequency) from the
front panel via an upward-tiltable
keyboard, thus eliminating the need
for a computer for sweep control.

The synthesizer uses seven digitally
controlled phase-locked loops to pro-
vide a 0.1 Hz to 13-MHz range with a
constant resolution of 0.1 Hz and a
stability of =1 x 10-%/day. A =1 x
10-?/day option is also available. Ad-
ditionally, the 3330B can be locked to
any external source with a +1 X
10-%/year optional reference.

While this completely program-
mable $6000 instrument offers fairly
good harmonic distortion rejection
down to —60 dB, its spurious re-
sponse of —70 dB, is lower than that
of other high-cost synthesizers.

However, it offers a host of features
that put it in a class by itself. Its output
of 0 to +13.44 dBm (1.05V rms into
50Q) is level to within =0.5 dB. LED
displays show both the frequency and
amplitude (nine digits for frequency
and four digits for amplitude).

the rectifier would be 5.65V at 100A:
565 watts in for 500 watts out, or an
efficiency of 88.5 percent.

The extremely low switching losses
of the Schottky make it especially suit-
able for high-frequency rectification.
In addition to reducing the size of
transtormers and filters by using high-
frequency conversion, the new Schot-
tkys can improve the efficiency of the
rectifier section twofold—by reduced
reverse-recovery losses and by low
forward-voltage drop.

The 50HQ020 can typically be
used in converter circuits at frequen-
cies in excess of 20 Hz, compared
with a general limit of 5 Hz for PN
junction diodes.

As a sweeper, the instrument uses
digital sweeping for linearity. Either
single or continuous sweeps may be
set up. Frequency parameters are en-
tered from the keyboard or remotely.
The size of the step can be as small as
0.1 Hz. Parameters such as center fre-
quency, frequency step, time per step
and the number of steps go into the
memory, and are then executed by
pressing a single button. The ROM
operates the sweep until told to stop.

Many of the sweep parameters can
be changed while the instrument is
sweeping. The 3330B sweeps ampli-
tude in steps as small as 0.01 dB, and
the amplitude can be stepped at the
end of each frequency sweep cycle to
produce a family of curves.

All necessary status and control
lines required for interfacing are stan-
dard. Each control has a specific 7-bit
parallel ASCII code assigned to it. An

Other  characteristics  of  the
50HQO020 include:

‘Max. peak one cycle, non-repetitive
surge current 800A

‘Max. I’t (non-repetitive for 5 to 8.3

MSEEC) & 55,5 5 55 8 5 5t 2650 A? sec
*Max. non-repetitive peak reverse volt-
oty g T PR L S e 24V
‘Max. repetitive peak reverse volt-
ALE o s sHEARY A B E G 5 20V
*‘Max. operating junction temperature

range . . ....... —65 to 100 deg. C.

Price in 100-lot quantities is $9.00,
and delivery is four weeks.

Semiconductor Division, Interna-
tional Rectifier Corporation, 233 Kan-
sas St., El Sequndo, CA 90245. Phone
(213) 678-6281. 314

addressing feature allows operation of
several units in parallel. Only one
programming device or interface card
is needed to fully program multi-
ple units. Hewlett-Packard’s 3260A
marked-card programmer is available
as a programming accessory.

Model 3330B can also be ampli-
tude modulated using an external sig-
nal of up to 100 kHz.

A less-expensive version (Model
3330A) is available at $5100. It does
not contain the keyboard entry of
amplitude parameters, cannot be am-
plitude swept and does not display
amplitude values. It has a manual
amplitude control and its output is
level to =0.5 dB. Otherwise it is iden-
tical to the Model 33308B.

Delivery of both A and B versions is
60 days. Hewlett-Packard Co., 1501
Page Mill Rd., Palo Alto, CA 94304,
Phone (415) 493-1501. 315

Using built-in ROMs, Hewlett-Packard’s Model 3330B synthesizer allows complete ampli-
tude and frequency programming from an upward-tiltable keyboard on the front panel.
The instrument ranges over 0.1 Hz to 13 MHz at a canstant resolution of 0.1 Hz.
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SEMICONDUCTORS

REGULATOR

REFERENCE DIODES offer multi-current
range. Operating current range is 1.0 to 3.0
mA for IN4611 family, 3.0 to 7.0 mA for
IN4612 family and 7.0 to 15.0 mA for
IN4613 family. All units are available in
hermetically sealed DO-7 or micro strip
package. Price: $2.65 (100 pieces). CODI
Semiconductor Div., Computer Diode Corp-
oration, Pollit Drive South, Fair Lawn, N |
07410. Phone (201) 797-3900. 170
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MOS STATIC SHIFT REGISTERS are bipo-

lar-compatible. The dual 128-bit model
2521V register and the dual 132-bit model
2522V are P-channel enhancement mode,
silicon-gate devices in 8-pin miniature dual-
in-line packages. When ordered in a quanti-
ties between 250 and 999, the 2521V and
2522V sell for $5.00 each. Signetics, 811
East Arques Avenue, Sunnyvale, CA 94086.
Phone (408) 739-7700. 173
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TTL SHIFT REGISTERS feature dc coupling.
Designated the SN54/74178 and 179 the 4-
bit shift registers are functional replace-
ments for the 8270 and 8271 currently on
the market. The 179 shift register has a di-
rect clear input, the 178 does not. Prices
begin at $2.00 each in orders of 100 pcs.
Texas Instruments Inc., 13500 North Cen-
tral Expressway, Dallas, TX. Phone (214)

238-3741. 176

PROGRAMMABLE SHIFT REGISTERS fill
the need for registers with odd lengths
and tap locations. The MM4007/MM5007
mask-programmable dual 100-bit dynamic
MOS register can be programmed from 20
to 100 bits long. The MM4019/MM5019
dual 256-bit register can be 40 to 256 bits.
National Semiconductor Corporation, 2900
Semiconductor Drive, Santa Clara, CA
95051. Phone (408) 732-5000. 171

LOW-POWER LED DISPLAY, requires only
7 milliwatts per digit. The HP 5082-7405 is
a five-digit cluster, passivated monolithic
seven-segment indicator. The self-magnifier
enlarges each digit of the display cluster to a
height of 0.112 inches. The five-digit cluster
is 0.75 inches wide. Price is $17.50 each in
orders of 100. Hewlett-Packard Company,

1601 California Avenue, Palo Alto, CA
94304. 172
56

LIS TERMINAL TRANSMITTER, the
MC2257L, provides versatile data transfer
for communications data terminals. This LSI
device replaces 30 TTL packages used in
older transmitter design. Information is en-
tered in parallel and stored until transmitted
in serial form. Price is $20.40 in single
quantities. Motorola Semiconductor Prod-
ucts Inc. P.O. Box 20912, Phoenix,
AZ85036. Phone (602) 273-6900. 174

is a 6-

THE FET MULTIPLEXER CAM601
channel device featuring a 60-ohm max. R
and break-before-make action. Off-channel
isolation is enhanced by ac grounding of the
FET gates. Internal reference resistors assure
tracking of =10 volt ac signals without clip-

on

ping or R, modulation. Teledyne Crysta-
lonics 147 Sherman Street, Cambridge, MA
02140. Phone (617) 526-7351. 175

LSI DATA RECEIVER converts serial data to
parallel form. The MC2259L receiver ac-
cepts digital data from a MODEM, and pro-
vides this data in parallel form. It operates
over the range of dc to 10k bits per second
in a divide-by-64 mode, or 200 k bits per
second in a divide-by-1 mode. Price is
$27.90 each in small quantities. Motorola

Inc., Semiconductor Products Division,
P.O. Box 20924, Phoenix, AZ 85036.
Phone (602) 273-6900. 177
>
R
>
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OPTOELECTRONIC COUPLERS use three
different techniques. H10A1 LED-photo-
transistor coupler offers 3 usec turn on.
H101B1 LED-photo Darlington offers cur-
rent transfer ratios of 500%. H10C1 LED-
light activated SCR offers 1-amp output with
15 mA input. Prices start at $3.95 each in
1000 piece quantities. General Electric
Company, Electronics Park, Syracuse, NY
13201. Phone (315) 456-2021. 178
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SEMICONDUCTORS

ULTRA LOW NOISE OP AMPS, 108LN and
308LN are pin-for-pin replacements for
101A/301A amplifiers. Both feature max.
input referred voltage noise of 70 nV/Hz at
10 Hz and popcorn noise transition ampli-
tude (2R, = 100K) of 25uV max. The
108LN is priced at $36.00 each and the
308LN at $5.95 each in orders of 100. Inter-
sil Corp., 10900 N. Tantau Ave., Cupertino,
CA 95014. Phone (408) 257-5450. 179

MOS 7 SEGMENT DECADE COUNTER,
designated HCTRO177, drives LED or lig-
uid crystal displays. This resettable up-
down counter is a counter/latch/decoder/
driver in one 16-pin package. Power dis-
sipation is 350 mW, and the units may be
cascaded. Hughes Microelectronic Products
Div., 500 Superior Ave., Newport Beach,
CA 92663. Phone (213) 670-1515. 180

HIGH-VOLTAGE TRANSISTOR CHIPS for
hybrid applications have V,,, ratings from
175 to 225V and a minimum operating fre-
quency of 50 MHz. The chips measure 19
mils square and 6 +1 mils thick, and were
designed specifically to drive plasma and
gas-discharge display devices. In orders of
1000, prices range from 22 to 27¢ each.
Dionics, Inc., 65 Rushmore St., Westbury,
N.Y. 11590. Phone (516) 997 474, 181

HIGH VOLTAGE TRANSISTORS feature
Vg ratings from 400 to 800V. Available in
both NPN and PNP versions, these transis-
tors have hfe = 25 to 300 and V ;.. =
1.0V max. In quantities of 1000, the 400V
units are priced at $3.00 each, the 500V
units at $4.00 each, the 600V at $5.00,
700V at $6.00, and the 800V transistors
are $7.00 each. Industro Transistor Corp.,
35-10 36th Ave., Long Island City, N.Y.
11106. Phone (516) 466-6511. 182

MICROPOWER OPERATIONAL AMPLIFI-
ER, the CA3078AT, has a power supply
range from +0.75 to =15V and requires
only 12nA input bias current. Maximum
input-offset voltage is 3.5V, input-offset cur-
rentis 2.5nA, and open-loop voltage gain is
92dB. Price in 1000 unit orders is $4.95
each. RCA Solid State Div., Box 3200, Som-
erville, N. ). 08876. Phone (201) 722-3200.

183

4-BIT MSI BINARY COUNTER, Type H156,
is a high-level logic device featuring a mini-
mum fan-out of 25. It is a synchronous pre-
set and reset, and operates from supply volt-
ages between 8 and 20V. The H156 is the
14th device to be introduced in the HLL MSI
series. Societa Generale Semiconduttori, Via
C. Olivetti, 20041-Agrate Br., Milan, Italy.
Phone (039) 63541. 184

The reason Federal makes the
real-time spectrum analyzer
you should use is that we also
make alot you shouldn’t use.

Federal Scientific has the biggest, broadest, most
varied line of low frequency real-time spectrum analyzers

on the market.

We have 5 big, complicated Ubiquitous® Analyzers to
do big, complicated jobs, and 3 simpler Mini-Ubigs™ to do
simpler jobs...or anything in between...with a wide range
of averagers, displays, machine signature adapters, range
translators, and computer add-ons.

Get in touch with us. We can tell you all about our
spectrum analyzers you shouldn’t be using...and also the

one you should.

Write for free 24-page Monograph #3, “Real Time
Signal Processing in the Frequency Domain,” and our con-

densed catalog.

Federal Scientific Corporation, 615 West 131st Street,
federal scientific X"

New York, N.Y. 10027.
(212) 286-4400.

SUBSIDIARY OF ©ELGIN NATIONAL INDUSTRIES, INC.

ORIGINATORS OF THE FAMOUS UBIQUITOUS® FAMILY.
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ADC 912

Designed to provide an excep-
tional speed/performance ratio,
units in Phoenix Data’'s new ADC
900 Series offer fast, accurate,
successive - approximation con-
version with excellent repeat-
ability, linearity, and mono-
tonicity.

FEATURES:

High Speed Conversion
2 Microseconds for 12 Bits.
1 Microsecond for 10 Bits.
800 Nanoseconds for 8 Bits.

Accuracy
+0.025% of Full Range — ADC912.

Versatility
Binary, pin-compatible with 700
and 70 series.

Self-Contained
Including precision reference voltage.

Repairable
No potted active circuitry.

Call or write today for the complete
ADC 900 Series story.

i N “'
Caitinda s

PHOENIX DATA,INC.

3384 West Osborn Road
Phoenix, Arizona 85017
Ph. (602) 278-8528. TWX 910-951-1364

CIRCLE NO. 22

CIRCLE NO. 23




COMPONENTS

CHIP CAPACITORS employ multilayer
monolithic construction. Type ULA chips
with 25-, 50- and 100-volt ratings are now
available in over 150 capacitance values
per EIA-RS198 and MIL-C-55681 ranging
from 1pF through 1uF, with tolerances from
1% to 20%. They are also available in chip
arrays in 14- and 16-pin DIP packages.
Aerovox Corporation, New Bedford, MA

02741. 185

SUB-MINIATURE THERMISTOR PROBE
features extremely fast time response and
length slightly over 1/4*. The “‘sub-mini-
probe’” consists of a thermistor bead sealed
in a glass tube. Standard probes are avail-
able in nominal resistances of 5002 to 300
k€, and can be used at temperatures up to
300°C. Fenwal Electronics, 63 Fountain St.,
Framingham, MA 01701. Phone (617) 872-
8841. 186

TURN COUNTING DIALS, series DFA, are
designed to be small enough to conserve
panel space, yet provide easy readability.
The 1.1 inch dia. allows mounting densities
of 99 units/ft2. A graduated vernier dial inte-
gral with the knob indicates tenths and
hundredths, providing setting accuracy of
one part per 1000. Amphenol Controls Di-
vision, 120 South Main Street, Janesville,
WI 53545 188

METAL FILM RESISTORS, the RLR 07, RLR
20 and RLR 32 styles, are fully qualified to
MIL-R-39017. Power ratings are from 1/4 W
to 1 W at 70C. Resistance range is 4.3(1 to
3.1 MEGQ. Delivery is 6 weeks ARO. Sam-
ples are available. Mepco/Electra Inc., Co-
lumbia Road, Morristown, N | 07960.
Phone (201) 685-5000. 189

RUGGED MERCURY-WETTED SWITCH
eliminates the dangers of mercury leakage
and handling problems associated with
glass switches. Logcell Il switches are com-
parable to conventional mercury-wetted
switches, providing bounce-free closures
and up to a billion operations. Price ranges
from $1.00 to $2.00, depending upon
quantity. Fifth Dimension Inc., Box 483,
Princeton, N J 08540 191

S R S

SOLDERING INSTRUMENT has internal
temperature adjustment from 500 to 750°F.
Temperature sensing, control amplifier and
SCR power control circuit are all contained
within the clear plastic handle of the LON-
ER precision soldering tool. Price of the in-
strument with bench-rest and spare tips is
$35.00. EDSYN, Inc., 15954 Arminta St.,
Van Nuys, CA 91406. Phone (213) 989-
2324, 192

PROTECTIVE SCR CROWBARS provide a
complete transient protection micro-circuit
in a single package. Capable of handling
overvoltage transients in 50 nsec and volt-
age surges of up to 40A for 10 msec. Stan-
dard trip points are from 5 to 50V dc. Pric-
ing ranges from $5.00 to $12.00 in small
quantities. Transtector Systems, 532 Monte-
rey Pass Road, Monterey Park, CA 91754.

187

THIN FILM LADDER NETWORKS are avail-
able in 8, 10, 12, and 14 bit R-2R versions.
All four networks feature a tracking charac-
teristic of less than 1 ppm/°C. Transfer lin-
earity for the 8-bit network is 0.5%, 10-bit
0.03%, 12-bit 0.01% and 14-bit 0.005%. 8
and 10-bit networks are packaged in a stan-
dard 16 pin DIP, and the 12 and 14 bit net-
works are in a 20 pin DIP. Hybridyne, Inc.,
3150 Pullman St., Costa Mesa, CA 92627.
Phone (714) 540-5935. 190

LOW-COST KEYBOARD SWITCH offers a
life rating in excess of 10 million operations.
Designated 601-M11A, the switch has an

operating force of 2.5 ounces, *=0.50
ounces and mounts directly to printed cir-
cuit boards. Button pretravel is 0.100 in.
minimum; stroke is 0.187 in. total. Am-
phenol Controls Division, Switch Opera-
tions, 419 South Arch Street, Janesville, WI
53545. 193
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COMPONENTS

SUB-MINIATURE REED SWITCH designat-
ed MAAC-2 switches lamps or other high-
inrush loads. Maximum recommended
lamp loads are 12V dc at 0.210A or 120V
ac at 15 W. Physical dimensions: 1.775 in.
length; 0.800 in glass length; 0.105 in. glass
diameter. Hamlin, Inc., Lake Mills, WI
53551. Phone (414) 648-2361. 194

ARGON LASER, Model 2000A, is the first 2-
watt laser with automatic self-aligning op-
tics. ““Auto-tune”’ continuously aligns the
mirrors so that their axes are always main-
tained coaxial with the plasma tube bore.
This results in a constant power level and
stabilized beam position. Optical Data Pro-
cessing Inc., 38 Vitti St.,, New Canaan, CT.
Phone (203) 966-8731. 195

MINIATURE THUMBWHEEL SWITCHES
snap together. The series 545 switches
mount on 5/16 inch centers to provide any
number of desired decades. Character
height is 3/16 inches and switching func-
tions include decimal —10 position, 1 or 2
pole binary with complements or binary
without complements. Dialight Corp., 60
Stewart Ave., Brooklyn, NY 11237. 196

PROTECTIVE COATING, ““Anti-Heat,”” acts
as a heat sink in welding, brazing and sol-
dering operations. It is easily removed by
wiping off the excess and washing the sur-
face with plain water. Tempil® Division,
Big Three Industries, Inc., Hamilton Blvd.,
South Plainfield, N ] 07080. Phone (201)
757-8300. 197

PHOTOCELLS FEATURE COLOR-COD-
ING. The color-coded bases correspond
with three peak spectral response areas—
green, orange or red (515, 575 and 625
nm). “On’" resistance typically is 500,
1500, and 3000 © when measured at 10 fc.
“Dark” resistance values are typically
above 10 M(). Price is $0.39 each in 2500
quantities. Allen-Bradley Co., 1201 S. Sec-
ond St., Milwaukee, WI 53204. 198

SERIES TUNABLE CAPACITORS, Models
7263 and 7283, are designed for critical
“tweaking’’ of micro-stripline circuits. They
are designed to mount across gaps in strip-
line circuitry. Capacitance ranges are 0.3 to
1.2,0.4t0 2.5, and 0.5 to 4.5 pF. Prices are
from $7.85 to $4.25 each. Johanson Manu-
facturing Corp., 400 Rockaway Valley Rd.,
Boonton, N J 07005. Phone (201) 334-
2676. 199

@nd who said- Hi
Andlog to Digital
supposed to

Dynamic Measurements has off-the-shelf
9,11, 13 Bit and 3 digit BCD units
available at the lowest possible prices.

FEATURES:

e 500 nanosecond/bit conversion speed

e Temperature stability with Internal
Reference to 12 ppm/°C

e Variable Word length

® Unipolar on Bipolar Input @ +5 or
+10 Volts

e Parallel and Serial Output
Plus many more...

Check this price...
Nine bit A to D Converter (1-9
quantity) ..$295.00

Write or call for more information

6 Lowell Avenue,

Winchester, Mass, 01890

Tel: (617) 729-7870 Cable: DYMECO

=

nverters are

expensive?
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SUPER INSULATION minimizes thermal
losses. Developed to provide maximum
thermal efficiency for containment of such
ultra-cold cryogenic fluids as liquid helium
(=452°F) and liquid hydrogen (—423°F),
“Super Insulation Systems’’ have demon-
strated thermal conductivities from 10 to
200 times lower than conventional insula-
tion. Insulation is contained in an annular
space between inner and outer container
shells under high vacuum. Union Carbide
Corp., Linde Division, 270 Park Ave., New
York, NY 10017. Phone (212) 551-4512.

200

FREE SAMPLE — Plastic handles for printed
circuit cards require no mounting hardware.
Models 10035 and 10037 have molded
clips which mate to pre-drilled holes in the
PC board. The third series, Model 10036,
mounts by means of two screws or rivets.
Price for 1000 pieces is $0.21 each. Vero
Electronics, Inc., 171 Bridge Road, Haup-
pauge, NY 11787. Phone (516) 234-0400.

201

LOW TEMPERATURE-CURE COATING, in
powder form, simplifies processing of com-
ponents. The epoxy base powder, ECCO-
COAT 721, overcomes. one of the major
objections of coating powders, which re-
quired the item to be coated to be pre-heat-
ed to a temperature of 350°F. It is now nec-
essary to pre-heat the part to only 180°F.
Priceis $2 - $3 per pound. Emerson & Cum-
ing, Inc., Canton, MA 02021. Phone (617)
828-3300. 202

MOISTURE BARRIER SILICONE stabilizes
semiconductor junctions and surfaces. MBS
is a single component system especially
processed from highly purified siloxane
compounds, with self-catalyzing properties
and cures to form a tough silastic protective
coating impervious to moisture. It's operat-
ing temperature range is —65°C to +275°C.
Material is available from inventory, priced
from $12.00 per pound. Transene Compa-
ny, Inc., Route 1, Rowley, MA 01969.
Phone (617) 948-2501. 203

ELECTRICALLY CONDUCTIVE, copper
based paint can be applied and cured at
room temperature. Designated CBRC, it has
a cured resistivity of about one ohm per
square at 2-3 mils thickness and can be ap-
plied by brushing, spraying, or rolling. It can
replace higher cost, precious metal paints in
many applications. Available from stock at
prices from $45.00 per gallon. Conshoh-
ocken Chemicals, Inc., 130 S. Easton Road,
Glenside, PA 19038. Phone (215) 887-
4471, 204

MINIATURE FILTERED LAMPS are embed-
ded in colored silicone rubber. The upper
portion of the unbased T-3/4 or T-1 lamp is
covered with a rubber filter and the base is
potted to prevent light leakage. These as-
semblies are stocked in red, light blue,
green, blue and yellow. For samples and
additional data call or write: APM-Hexseal,
44 Honeck St., Englewood, N ] 07631.
Phone (201) 569-5700. 205

59




CIRCUITS

8-BIT D/A CONVERTER 371-8 features cur-
rent-output performance for under $10 in
single quantities. Reportedly the smallest
discrete-component d/a converter on the
market, it plugs into a single IC socket. Fea-
tures include a built-in reference, DTL/TTL
compatibility, 950-nsec settling, +1/2-LSB
linearity and temperature coefficient of 100
ppm/°C. Hybrid Systems Corp., 95 Terrace
Hall Ave., Burlington, MA 01803. Phone
(617) 272-1522 207

i

LED PHOTOTRANSISTOR ISOLATORS, 6-
lead DIP 1500V types, feature minimum
transfer ratios of 20% to 600%. Model CLI-
2 has transfer ratio extremes of 30% and
100%, and rise and fall times into 100€2 of 5
usec. Model CLI-3 has 20% at 1 mA and
100% at 10 mA. Rise and fall time is 5 usec.
Model CLI-5 has rise and fall times of 2
psec. into 100€). Minimum transfer ratio is
20% at 20 mA. Clairex Corp., 560 S. Third
Ave., Mount Vernon, NY 10550. Phone
(914) 664-6602. 210

A
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RELAY
2 Bp g

BINARY-TO-DECIMAL DECODERS con-
tain built-in memory PC-board relays to per-
form a variety of switching functions. They
use no relay sockets or soldering but plated
conductors as the fixed contacts. Units con-

vertany 6, 12, or 24V binary dc logic from a
computer or any other instrument to deci-
mal information. Price is $25 and delivery is
2 to 4 weeks. Printact Relay Div., Execu-
tone, Inc., Box 1430, Long Island City, NY
11101. Phone (212) EX2-4800. 213

THERMOCOUPLE AMPLIFIER OMNI-AMP
I is a self-powered portable microvolt unit
that boosts thermocouple signals up to 100
times. It can be placed directly at a thermo-
couple output jack or between any standard
thermocouple quick-disconnect. Gain is
available in 7 fixed choices plus a variable
gain, and frequency response is dc to 10
kHz. Amplifier, batteries, jacks and adapters
cost $85. Omega Engineering, Inc., Box
4047, Stamford, CT 06907. Phone (203)
322-1666. 208

12-BIT D/A CONVERTER Model MN312
fits into a 16-pin hermetic DIP. The unit

incorporates monolithic amplifiers and
planar chips and a precision 12-bit ni-
chrome ladder network. It provides an out-
put range of 0 to =1V and settles to 0.01%
of its final value in less than 0.5 usec. Price
is $79 (1 to 24) and $45 (250). Micro Net-
works Corp., 5 Barbara Lane, Worcester,
MA 01604. Phone (617) 756-4635. 209
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OP AMP Model 1421 packaged in a TO-99
case features 10-pA bias current, 10,000
CMRR, =12V CMV and 10 mA of output
current. The 1421 is directly interchange-
able with the popular 741 and 740 op amps,
is ““latch up”” proof, and incorporates output
short-circuit and input fault protection. Its
unity-gain bandwidth (f) is 1T MHz. Cost
(100 to 249) is $8.50. Teledyne Philbrick,
Allied Drive at Route 128, Dedham, MA
02026. Phone (617) 329-1600. 211

TONE ENCODER, thick-film hybrid Model
ST-851, spans 20 Hz to 3 kHz with a fre-
quency stability of £0.5% over a tempera-
ture range of —30 to +100°C. Power re-
quirements are 12.6V dc at less than 4 mA,
nominal. The unit will function to specifica-
tions from 11 to 30V dc. The output is ad-
justable to 2.5V rms. Rise time is 10 msec.
Alpha Electrical Services, Inc., 8431 Mon-
roe Ave., Stanton, CA Phone (714) 821-
4400. 212

SCANNING MEMORY for use with a con-
ventional scope provides a steady, flicker-
less image of very-low-frequency signals.
The SM-101 holds 5 sec of data in storage
and updates and recirculates it 200
times/sec for scope presentation. A hold
circuit prevents updating and permits obser-
vation of the stored data without degrada-
tion. Price is $485 and availability is within
60 days. Memox, Inc., 15904 Strathern St.,
Van Nuys, CA 91406. Phone (213) 994-
9029. 214

MULTIPLEXING A/D CONVERTER, multi-
channel system Series AN5800, provides up
to 64 multiplexed 8 to 15-bit channels in
the master control/display chassis, and ex-
pansion capability without limit in compat-
ible expansion chassis. Price for an 8-chan-
nel multiplexer, sample and hold, 12-bit a/d
converter with power supply, chassis and
all interconnects is $1260. Delivery is 2 to 6
weeks. Analogic, Audubon Rd., Wakefield,
MA 01880. Phone (617) 246-0300. 206
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CIRCUITS

DC-TO-DC CONVERTER Model PS-2402 is
rated at +5V inputand + 15V output at 150
mA and features dimensions of 2 by 2 in.
and a low profile of only 0.375 in. It can be
used on PC boards with 0.5-in. spacings
and is rfi shielded. Its efficiency is 60%), iso-
lation is 10'2Q) and breakdown is 2500V
rms. Cost is $69 and delivery is stock to 4
weeks. Stevens-Arnold, Inc., 7 Elkins St., S.
Boston, MA 02127. Phone (617) 268-1170.

215

OEM REGULATED POWER SUPPLIES pro-
vide 15 different output voltages from 4 to
28V dc with current ratings of 6 to 1.7A.
Built-in features of the OLV-30 Series in-
clude: 0.1% line and load regulation, 0.1%
ripple and noise, remote sensing and fold-
back current limiting as well as electrostati-
cally shielded transformers. Prices start from
$44. Elexon Power Systems, 18651 Von
Karman, Irvine, CA 92664. Phone (714)
883-1717. 216

CRYSTAL OSCILLATOR, voltage-controlled
JKTO-85, features low power consumption
of only 20 mW. Housed within a hermeti-
cally sealed container measuring only 0.75
cubic in., it is designed for any center fre-
quency between 17.5 and 22.5 MHz with a
frequency deviation of at least +0.1% for a
modulation input of =2V (peak), dc to 20
kHz. Price in 100-unit quantities is $200
each. CTS Knights, Inc., Sandwich, IL
60548. Phone (815) 786-8411. 217

FREQUENCY-TO-DC CONVERTERS, Series
200 Tach-Trol, are designed for measure-
ment and control of rpm, linear flow or
speed. They accurately convert frequencies
into high-level output currents or voltages
which are linearly proportional to the input
signal. Standard current ranges of 1 to 5, 4
to 20 and 10 to 50 mA are field selectable.
Airpax Electronics/Controls Div., Box 8488,
Fort Lauderdale, FL 33310. Phone (305)
587-1100. 218

VOLTAGE-TO-FREQUENCY CONVERT-
ERS in a family of twelve models cover full-
scale frequency ranges from 25 Hz to 100
kHz and feature 0.01% linearity. Input im-
pedance exceeds 100 MQ and zero and
full-scale settings are adjustable by individ-
ual trimmers. The modules are designed to
be powered from an external =15V dc. Unit
price for all models is $145 and delivery is
stock to 30 days. North Hills Electronics,
Inc., Glen Cove, NY 11542. Phone (516)
671-5700 219

POWER SUPPLY operates from either 98 to
132V ac or 196 to 264V ac at line frequen-
cies of 47 to 63 Hz. Model SEI-5-6K-E pro-
vides an output voltage of 5V dc at 0 up to
6A continuous. The output voltage adjusts
to +0.5V. Line regulation is =0.02% and
load regulation is =0.05%. Price is $64.50
(100 pieces) and includes a 5-year warran-
tee. Salient Electronics, Inc., Rexford, NY
12148. Phone (518) 393-4590. 220

Improve your CRT disp
and save money domg it!

Dynamic Measurements has off-the-shelf
High Speed, "“Glitchless’’ Digital to Analog

Converters, 200 AD series, that feature |mproved f

performance at *
FEATURES:

® 150 nanosecond up-date rate

e +11volts @ +40 MA output

® 3 mV Peak Transients @ 8 MHz
Bandwidth

e ALL steps uniform to 0.01% of F.S.

e 8,10, 12 & 13 Bit Resolution
available
Check the price...
For example: our 10 Bit Model in 1-9
qguantities is $335.00 complete.

‘less than the going rate.’

Write or call for more information

6 Lowell Avenue,

Winchester, Mass. 01890

Tel: (617) 729-7870 Cable: DYMECO

Manufacturers of Precision Operational Amplifiers,
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QUADRATURE  SINEWAVE  OSCILLA-
TORS feature 0.04% distortion-buffered
quadrature outputs (90° +0.1°) which track
to better than 100 ppm/°C, frequency drift
to 100 ppm/°C and output amplitudes ex-
ternally adjustable from 2 to 20V pk-pk with
a resistor or voltage. They are available as
fixed-frequency models (0.1 Hz to 20 kHz)
or tuneable models which can be varied
over a 1000:1 range. Frequency Devices,
Inc., 25 Locust St., Haverhill, MA 01830.
Phone (617) 372-6930. 221

SAMPLE/HOLD AMPLIFIER ZD451 fea-
tures sample accuracy of =0.01% of full
scale range, 10''Q) input impedance and a
settling time of 7 usec for a 0-to-10V input
step. Other features include user selection
of inverting or non-inverting operation, 50-
nsec aperature time and user selectable gain
of +1 to +100. It is priced at $39 (100
quantities). Zeltex, Inc., 1000 Chalmar Rd.,
Concord, CA. 94530. Phone (415) 686-
6660. 222
INSTRUMENTATION AMPLIFIER  Type
MSIA-1 uses three selected 741 op amps in
a 14-lead flatpack that are connected in a
classical three-amplifier, differential-input,
single-ended output configuration. A built-
in resistance network provides inherent
closed-loop gain of unity in the 3/8 by 3/8
by 0.067-in. package. CMRR is 94 dB, drift
is 5 wV/°C and noise is only 3.5 uV rms.
Price is $35. Mini-Systems, Inc., David Rd.,
Box 429, N. Attleboro, MA 02761. Phone
(617) 695-0206. 223

SOLID-STATE RELAY Type SLS-2500 fea-
tures 1000V ac (pk-pk) 1/0O isolation, spst
normally open contacts, 1A at 8 to 32V dc
contact rating and drive-coil TTL compati-
bility. Coil operates from 2.4V dc at 1.6 mA
maximum through —55 to +125°C and may
be subjected to 32V dc continuously with-
out damage. Contacts feature snap-action
with hysteresis. Sterer Engineering and Mfg
Co., 4690 Colorado Blvd., Los Angeles, CA
90039. Phone (213) 245-7161. 224

TRUE ZERO-CROSSOVER ELECTRONIC
SWITCH assures true zero-volt switching by
forming an electrical cushion between the
signal.input and load power. Series 6500
module has a solid-state output switching
circuit that is isolated from the input sig-
nal through a long-life reed relay. Guard-
ian Electric Mfg Co., 1550 W. Carroll
Ave., Chicago, IL 60607. Phone (312)
243-1100. 225

DC POWER SUPPLY for powering linear
ICs supplies =15V at 200 mA from 2 by 3
by 1-in. module. Model BPM-15/200 with
an input isolation transformer has output
load regulation of =0.1% and line regula-
tion of +0.05%. It can power up to sixty
741 op amps, features 65% efficiency and
has 100-MQ isolation. TC is =50 pp/°C and
output stability is +0.05% over Oto +71°C.

Price is $69. Datel Systems, Inc., 1020
Turnpike St., Canton, MA 02021. Phone
(617) 828-6395. 226
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COMPUTER PRODUCTS

FIRST WRITABLE CONTROL STORE and
PROM writer for minicomputer users allows
them to tailor the HP2100 instruction set to
meet the unique needs of differing applica-
tions. Writable control store (WCS) has
256 24-bit words of RAM plus address and
read/write circuitry on one card. The PROM
writer converts microprograms developed
with WCS to ROM. Hewlett Packard, 1501
Page Mill Rd., Palo Alto, CA 94304.
Phone: (415) 493-1501. 227

TWO NEW LOW COST CALCULATORS
feature high speed printers. Model 215 is a
printing multiplier and the Model 217 print-
ing calculator has addition, subtraction,
multiplication, division and squaring capa-
bilities. Up to 10 digits can be entered, with
answers up to 11 digits. Model 215 is priced
at $249, and the Model 217 at $325. Busi-
ness Machines Div., The Singer Co., 2350
Washington Ave., San Leandro, CA 94577.
Phone: (415) 357-6800. 228

CARD READER SYSTEM is a peripheral to 8-
and 16-bit ALPHA and NAKED MINI com-
puters. The system includes a Bridge 8000,
300 card/min card reader in a table config-
uration, and an interface controller which
plugs into a standard prewired 1/O slot in
the computer’s mother board. System cost
is $3850. Computer Automation Inc., 895
West Sixteenth St., Newport Beach, CA
92660. Phone (714) 642-9630. 229

ELECTRONIC PRINTING CALCULATORS.
Four models range from P-253, with four
functions and one accumulating register, to
P-256, with three accumulating registers,
item counter, square root and percentage
functions and sign control. All feature a
14-digit mosaic printer, floating input and
fixed output decimals, and direct positive
and negative accumulation registers. Philips
Business Systems, Inc. 37 W. 57th St., New
York, NY 10019. Phone (212) 751-6670.

230

CASSETTE DIGITAL MEMORY SYSTEM.
The 2-channel MT-5 stores two-million bits
at a packing density of 800 bpi. Capstan
drive system provides a tape speed of 7.5
ips with start and stop times of less than
25 msec. Two models are available: the
MT-5W for ““write only’” and the MT-5R for
“read only”” applications. Price is $595.
TEAC Corp. of America, 7733 Telegraph
Rd., Montebello, CA 90640. Phone: (213)
726-0303. 231

DISK STORAGE SYSTEM provides random
access storage for any HP 2100 Series
computer equipped with DMA (Direct
Memory Access). It uses the IBM 2315 type
disk cartridge in single or multiple disk
drive configurations and provides 1.22m
words of storage. Three operating systems
are available: Real Time Executive, Disk
Operating System, or Disk Based Auxiliary
Memory System. Daconics Corp., 925
Thompson PI., Sunnyvale, CA 94086. 232

READ-AFTER-WRITE CASSETTE HEADS
have precision-machined track locations
that require no adjustment before mounting.
The single-track Model A284A and two-
track Model A-280A magnetic heads fea-
ture a crossfeed rejection of no less than
20 DB with a write rise time of 2usec and
can be used for virtually any digital applica-
tion. Arvin Magnetics, 6950 Washington
Ave., S. Eden Prairie, MN 55343. Phone
(612) 941-6700. 233

DIGITAL PRINTER, DM-500 series, prints
3 lines/sec and up to 21 columns. It can be
supplied minus case and power supply, or
without print mechanism. The latter in-
cludes one pc board with all drive elec-
tronics and power supply. An optional
internal clock provides day of month, hours,
and minutes. Price for 21 columns with case
is $720 and $625 without case. Keltron
Corp., 224 Crescent St.,, Waltham, MA
02154. Phone (617) 894-0525 234

VARIABLE SPEED LINE PRINTER. Model
246 prints full 132 column lines at 200
lines/min, or speeds up to 400 and 600
lines/min utilizing 96 and 48 columns,
respectively. Model 306 prints full 132
column lines at 300 lines/min or at 600
lines/min when utilizing 96 columns. Both
models have 64 character drums and 8
channel VFU. Model 246 price is $5500
and Model 306 is $6100. Data Printer
Corp., Msgr. O’'Brien Highway Cambridge,
MA 02141. Phone: (617) 492-7484. 235

MINICOMPUTER FAMILY EXPANDS: The
model SPC-16/40 shown and five other
SPC-16 sisters (/45, /60, /65, /80 and /85)
are priced from $3950 to $8550. They fea-
ture large four-layer pc boards with buried
power and ground planes for low noise.
The /80 and /85 models, use Schottky-
clamped TTL to achieve 800 nsec cycle
times. General Automation, Inc., 1055
S. East St., Anaheim, CA 92805. Phone:
(714) 778-4800. 236

FAN FOLD TAPE READER, TRF93008B,
features LED light sources, self cleaning
read heads and bipolar logic compatibility.
It can stop on character at 300 char./sec
and handle tapes having up to 60% light
transmissivity without adjustment. Reader
is 19 inch wide x 7 inch high and has fan
fold bins with 150 ft. tape capacity. Elec-
tronic Engineering Co. of California, Elec-
tronic Products Div., 1441 E. Chestnut
Ave., Santa Ana, CA 92701. Phone (714)
547-5501. 237

PAPER TAPE SYSTEMS convert GRAF/Pen
data input to punched paper tape. Systems
2012 and 2013 operate in either binary or
BCD mode and include a GRAF/Pen stylus,
14 x 14 inch tablet, control units, and the
paper tape punch. The latter punches up to
75 char./sec and is available in 5-to 8-
track models. Prices for System 2012 start
at $5995 and for System 2013 at $6295. Sci-
ence Accessories Corp., 65 Station St.,
Southport, CT 06490. Phone: (203) 255-
1526. 238
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9 x 7 DOT MATRIX LINE PRINTER. The
101A low cost impact printer prints at
speeds of 165 characters/sec. Standard
features are: paper runaway control, single
line spacing, full 64-character set, hardware
code selector, and 50 or 60 cycle multi-
voltage operation. Price is $4130 for single
units. Centronics Data Computer Corp.,
One Wall St., Hudson, NH 03051. Phone:
(603) 883-0111. 239

MICROPROGRAMMED MINICOMPUTER
for general-purpose and business applica-
tions. Hardware features microprogrammed
are: a serial 1/O controller, a bootstrap
loader, and a high speed Direct Memory
Channel block I/O feature. The CIP/2200
includes memory addressing to 32K bytes,
1.1 microsecond full cycle memory speed,
8- or 9-bit memory bytes and 16 general-
purpose 8-bit file registers. Process Con-
trols Div., Cincinnati Milacron, Lebanon,
OH 45036. Phone (513) 494-1200. 240

DIGITAL MULTIPLEXERS, called MultiTerm
1, can utilize as many as 16 computer
terminals on a single telephone or com-
munications line. The terminals may be
located up to 4000 ft from the MultiTerm 1
and are operational at speeds of up to
9600 baud. Provision for built-in modems
has also been made. Pricing begins at
$750. Delta Data Systems Corp., Wood-
haven Industrial Park, Cornwells Heights,
PA 19020. Phone (215) 639-9400. 241

BRAIDED WIRE ALTERABLE ROM. The
1K x 16 ROM runs from a +5.0V supply,
has system access times of 200 nsec and
cycle times of 500 nsec, and is fully de-
coded including data registers. Up to eight
memories may be paralleled. Dimensions
are 5.2 x 8.5 x 1.25 inches. The ROM is
plug compatible with the PDP-14 and
PDP-16 and is priced at under 2¢/bit in
OEM quantities. Datapac Inc., 18872
Redhill Ave., Santa Ana, CA 92707. Phone
(714) 546-7781. 242

ratio never before available.
FEATURES:

1 microsecond to +1 LSB
e 8, 10and 12 Bit Resolution
e +10 volt output @ 40 mA.

Write or call for more information

Tel: (617) 729-7870 Cable: DYMECO

Dynamic Measurements has off-the-shelf High Speed Multiplying
D/A Converters, 200AM Series, offering a price/performance

e Temperature Stability as low as 17 ppm/°Cof F.S.
Unit price for 12 Bits (Model 203 AM) $195.00

6 Lowell Avenue, Winchester, Mass. 01890

Introducing the best
price/performance ratio
in the deck of DACS.

ORP!
DA CONVERTES
HaoeL 102 AR

e Settling time for Digital input change of 1 MSB
500 nanosecond to within 1 LSB
® Settling time for O to 10 volt analog input change

WONAMC
Corr QD

Manufacturers of Precision Operational Amplifiers,
Data Conversion Products, Instrumentation Amplifiers, Sample/Hold Amplifiers...

CIRCLE NO. 26

DISC FILE SYSTEM. Model DC-16, inter-
faces IBM 2311 or single spindle 2314
compatible disc drives to non-IBM com-
puters. It can handle up to nine disc drives
(maximum of eight on-line), provides buf-
fering and signal timing for the memory/disc
data transmission, and monitors the status
of the disc drive and the data transfers.
Telefile Computer Products, 17785 Sky
Park Circle, Box AO, Irvine, CA 92664.
Phone (714) 549-3329. 243

REPROGRAMMABLE ROM. Series 1002
capacitive field-alterable ROM (RE-PROM)
has capacities from 256 to 26K bits per pc
board and includes input buffering, timing
and control, address decoding, output data
registers and TTL/DTL interface. It is non-
volatile, NDRO, and has an access and
cycle times up to 50 nsec. Fully assembled
and tested system price is less than 1¢/bit.
Integrated Memories, 260 Fordham Rd.,
Wilmington, MA 01887. Phone (617)
658-5073. 244

MODEMS. Series 12A line of modems, de-
signed for application on the direct-distance
dialing network, operate at 0-1200 bps.
They are offered in half duplex with addi-
tional versions for 5 bps and 150 bps re-
verse channel, with or without automatic
answer. Both custom-configured modem
cards for OEMS and stand-alone modem
packs are provided. Digital Communica-
tions Dept., Sanders Associates, Inc., Daniel
Webster Highway Nashua, NH 03060.
Phone (603) 885-2817. 245

ADD-ON  PLATED-WIRE  MEMORIES.
Model NM-8316 (16K x 16) and NM08332
(32K x 16) feature partitionable memory
capability which provides software or
program protection from accidental wipe-
out. The amount of memory to be protected
may be field programmed. Price is $9873
for NM-8316 and $13,202 for NM-8332.
Nemonic Data Systems Inc., 1301 West
Third Ave., Denver, CO 80223. Phone
(303) 892-7012. . 246

KEY-TO-DISC SYSTEM, System 1302, of-
fers a full-record CRT display at each key-
station, and an 18,000-record disc capacity
based on a record length of 125 characters.
Other record lengths are available to im-
prove data management. Monthly rentals
are available. Purchase prices are: $31,500/
Control Unit, $1200/keystation, and $4800
for the Expansion Adapter Unit. Inforex,
21 North Ave., Burlington, MA 01803.
Phone (617) 272-6470. 247

INFINITELY ALTERABLE MINI ROM, Mod-
el 816, is a non-volatile, NDRO, electrically
alterable ROM. It utilizes a low-threshold,
square-loop core, arrayed in a 2-core/bit
mode and is available in a variety of con-
figurations and storage capacities, with a
maximum storage of 256 bits. Features in-
clude infinite alterability, full TTL compat-
bility, +5V-only operation, and 36-pin
dual in-line packaging. Quadri Corp., 2950
West Fairmont, Phoenix, AZ 85017. Phone
(602) 263-9555. 248
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AMERICAN MADE

Tolerance

SCHAUER

1-Watt

_ ZENERS |

Immediate Shipment

Low Prices

ANY voltage from 2.0 to 18.0

Quantity Price each
1-99

100-499

500-999

1000-4999

5000 up

All welded and
brazed assembly

No fragile
nail heads

Write for complete
rating data and other
tolerance prices.

Buy the kit-
. Save

® |
3

- a lot

SCHAuER
T 2N piggs
” o

W

Kit contains a 51-piece assortment
of SCHAUER 1% tolerance 1-watt
zeners covering the voltage range
of 2.7 to 16.0. Three diodes of each
voltage packaged in reusable poly
bags. Stored in a handy file box.
Contact your distributor or order
direct.

A $54.57 value for

ONLY $24§Q

Semiconductor Division

SCHAUER

Manufacturing Corp.
4515 Alpine Ave. Cincinnati, Ohio 45242

\ Telephone: 513/791-3030 J
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COMPUTER PRODUCTS
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MINICOMPUTER FOR PROCESS CON-
TROL. Model 360, a 16-bit mini, can pro-
cess 143 instructions consisting of 120
standard instructions, 8 executive instruc-
tions and 15 input/output instructions and
features 3 interrupt levels. MOS or ferrite-
core memories are used for the variable
main memory with a maximum capacity
of 60 K words (plus 1 K words of ROM).
Siemens Corp., D-8520 Erlangen 2, Post-
fach 325, Federal Republic of Germany.
Phone: (09131) 7-3394. 249

32-BIT COMPUTER, systems 85, is an
850-nsec processor with core memory ex-
pandable from 8K to 131K words. Memory
byte parity and page protection are stan-
dard. 1/O facilities transfer data to and from
peripherals at up to 1.17 million words/sec.
As many as 16 device controller channels
can be linked to the 1/O bus. Prices range
from under $150,000 to over $400,000.

Systems Engineering Labs, Inc., 6901 W.
Lauderdale, FL 33313.

Sunrise Blvd., Ft.

Phone (305) 587-2900. 250

TAPE CLEANER, the Mark IV, uses a self-
sharpening, rotating cylindrical blade to
remove contaminants on the oxide side of
a tape and a screen cleaner to clean the
mylar backing. A vacuum removes con-
taminants from both sides. Cleaning at
180 inches/sec, a two-pass cleaning opera-
tion takes 5 min. Price is $2300. Data De-
vices, Inc., 6219 DeSoto Ave., Woodland
Hills, CA 91364. Phone (213) 887-8246.

251

REED RELAY MULTIPLEXER, the Reedscan
Model 3000, is a systems oriented 3-wire
or 6-wire multiplexer used for sequentially
connecting from 2 up to 100 data sources.
The scanning capacity can be expanded
from the basic 10 channels up to 100 chan-
nels in ten channel increments. Channel
identification is presented in 1248 BCD
code. Basic 10-channel price is $995. Pivan
Data Systems, 6955 North Hamlin Ave.,
Lincolnwood, IL 60645. Phone (312)
676-0790. 252

s

Howdo
you put
18 years of

Microwave
Systems

experience
iNn48pages?

Youdon't...

when you're the company that pioneered
strip transmission line component and
system technology (TRI-PLATE®) . . .
developed computer programmed solu-
tions to antenna design . . . packaged
complete functions of all the well-known
coaxial components into integrated
sub-system modules (MIM).*

How can you say it all in one book?
The very best we could do was to list
our STANDARD microwave products
under one cover. It talks to engineers
and systems designers about COM-
MUNICATIONS, TELEMETRY, and
RADAR showing them what they can
buy NOW with eighteen years experi-
ence built in. If you want more innova-
tions, you'll have to ask!

Call Mr. Mel Bloom at (603) 669-4615,
Ext. 447 or write to Grenier Field,
Manchester, New Hampshire 03103.

IMICROWAVE
SA| A [pivision
SANDERS

ASSOCIATES, INC.

*TM Sanders Associates, Inc

e
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RF NETWORK ANALYZER Model 1710
provides precise measurements of transmis-
sion and reflection properties (including
magnitude, phase, group delay, and S pa-
rameters) over 400 kHz to 500 MHz. It also
features 115-dB dynamic range, 0.005-dB
resolution and 50 or 75 ) operation without
performance degradation. Cost is $6850.
General Radio, 300 Baker Ave., Concord,
MA 01742. Phone (617) 369-4400. 253

POTENTIOMETRIC RECORDER Kompen-
sograph Il has 0.25% accuracy, 0.1%
linearity, 18 ranges of amplification and
capability for forward and reverse record-
ing. Available as a single or double-channel
recorder, its short response times of 0.25
or 0.5 sec and interference voltage sup-
pression allow its use in many applications.
Kompensograph Ill has 11 selectable volt-
age ranges and 7 current ranges. Siemens
Corp., 186 Wood Avenue South, Iselin,
NJ 08830. Phone (201) 494-1000. 254

VCF/TRIG FUNCTION GENERATOR Mod-
el 7050 has a 0.001-Hz-to-11-MHz range
and trigger and gate capability for single-
shot and burst waveforms. It produces sine,
square, triangle, ramp, pulse and sync
waveforms in continuous, single-shot or
burst modes. Waveform symmetry can be
continuously adjusted from a range of 19:1
through 1:1 to 1:19 for ramp and pulse op-
eration. Exact Electronics, Inc., Box 160,
Hillsboro, OR 97123. Phone (503) 648-
6661. 255

[

DATA ACQUISITION/CONTROL SYSTEM
Series 9600 can be configured as a stand-
alone or a distributed system to automate
single processes or entire factories. Central
to the system is an expandable minicom-
puter with a memory capacity of 8192
to 32,768 16-bit words. Systems start at
$22,350 and deliveries are to begin April
1972. Hewlett-Packard Co., 1501 Page Mill
Rd., Palo Alto, CA 94304. Phone (415) 493-
1501. 256

10-MHZ SCOPES, single and dual-trace
Models 310 ($425) and 320 ($495), respec-
tively, feature calibrated attennuators on
vertical and horizontal amplifiers and cali-
brated triggered sweep. Input impedance is
1MQ, vertical sensitivity is 5 mV/div. to
50V/div. and sweep ranges from 100
msec/div. to 1 usec/div. (plus 5X magnifier).
Delivery is 60 days. Thorton Associates,
Inc., 87 Beaver St., Waltham, MA 02154.
Phone (617) 899-1400. 257
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BIDIRECTIONAL COUNTER Series 7713
totalizes at 500 kHz. Its universal input cir-
cuit accepts sine and square waves or pulse
signals. It can be used as a self-contained
totalizer, or interfaced with the Veeder-Root
Series 7700 family to form a complete data
acquisition system. It comes with 4, 5, 6 or
7 illuminated decades and a + indicator
and operates from 105 to 125V ac, 50/60
Hz. Veeder-Root, Hartford, CT 06102.
Phone (203)527-7201. 258

REAL-TIME ANALYZER for digital correla-
tion and probability analysis, Model SAI-
43A, features 400-point resolution at select-
able sampling increments down to 0.2 usec
(5 MHz). It also provides 800-point pre-
computational delay. The unit operates in
three modes — correlation (auto and cross),
probability and signal enhancement. Signal
Analysis Industries Corp., 595 Old Willets
Path, Hauppauge, NY 11787. Phone (516)
234-5700. 259
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PORTABLE SCOPE Model 326 is the latest
addition to the Sony/Tektronix series of
scopes. Measuring 3.9 by 8.6 by 13.6 in.
and weighing less than 12 Ibs, the battery-
operated dual-trace 326 offers bandwidth to
10 MHz at 10 mV/div., or 5 MHz at 1
mV/div. Sweep rates extend from 1 sec/div.
to 1 msec/div. (to 0.1 usec/div. with X10
magnifier). Price is $1650. Tektronix, Inc.,
Box 500, Beaverton, OR 97005. Phone
(503) 644-0161. 260

DPM, 4-1/2-digit Model 305, is available
with BCD for less than $250 in OEM quan-
tities. Prices range from $195 to $375,
depending on quantity. The 305 is inter-
changeable with Weston’s DPMs and fea-
tures a Nixie display. It can make 20 mea-
surements/sec or be commanded to take a
reading and hold it until it is re-triggered,
and has programmable decimal points and
polarity signs. Electro-Numerics Corp.,
2961 Corvin Dr., Santa Clara, CA 95051.
Phone (408)738-1840. 261



400 SERIES
CIRCLE NO. 42

520 SERIES
CIRCLE NO. 42

2590 SERIES
CIRCLE NO. 42

Printed Circuit Terminal Strips a
t one of a wide mgyoglmml
types supplied ulka. You
can select from over 65,000 differen
" commercial and military variations.
With this kind of choice there is no
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DIGITAL WATTMETER Model 235 offers
true-rms power readings from 20 Hz to 20
kHz and allows comparative readings at
reduced accuracy to 150 kHz. Full-scale
power readings range from 2W (20V and
0.1TA) to 20 kW (632V and 31.4A). The cur-
rent input may float up to the full voltage
632V rms) above the low side of the volt-
age channel. Price is $2495. Clarke-Hess

Communication Research Corp., 43 W.
16th St., New York, NY 10011. Phone (212)
255 2940. 262

FREQUENCY METER/TACHOMETER Series
2700 features 20-MHz operation and LED
displays. Features include automatic trigger-
ing with a sensitivity of 100 mV rms, a front-
panel sensitivity control, stored display,
buffered and latched BCD output and a 1-
ppm crystal time base. Available in 4, 5 or
6-digit models, units are priced from $360
to $400. Electronic Research Co., 10,000
W. 75th St., Overland Park, KS 66204.
(913)631-6700. 263

SIGNAL/NOISE GENERATOR Model 132
incorporates an oscillator, square-wave
generator, sweep generator, FM modulator,
wide-band noise generator, and pseudo-
random sequence generator in one compact
unit.  Signal-to-noise or noise-to-signal
mode allows selection of the amount of
noise to be added to an analog or digital
signal. Source is from 0.2 Hz to 2 MHz.
Price is $795. Wavetek, Box 651, San Die-
go, CA92112. Phone (714) 279-2200. 264

CABLE TESTER known as Maze Master, has
automatic search capability, and identifies
wire loops in cable harnesses and simplifies
production, test and troubleshooting. Each
press of a button identifies on an LED digital
display the source and successive termina-
tion points of wire loops in cable harnesses
in less then one second.Cost is under $600.
Addison, 1101 Bristol Rd., Mountainside,
N.J. 07092. Phone (201)233-6010. 265

VIDEO DIGITIZER for TV signal process-
ing, testing and enhancement converts ana-
log information into a 4-bit digital word at
conversion rates of 20 MHz and an accura-
cy of £3% of full scale (0.5 LSB). Desig-
nated the IAD-5104N, it offers display delay
for use in on-line digital editing. Price is
$950 and delivery is 3 to 4 weeks. Inter-
Computer Electronics, Inc., Box 507, Lans-
dale, PA 19446. Phone (215) 822-2929.
266

FUNCTION GENERATOR Model 1020
provides pulses, square-waves and ramp
waveforms. Adjustable pulses, square-
waves, AM and sawtooth FM are provided
from 10 to 10,000 Hz. Pulse widths range
from 0.2 to 20usec. Price is $475. Polarad
Electronic Instrument Div., 5 Delaware Dr.,
Lake Success, NY 11040. Phone (516)
328-1100. 267

FREQUENCY COUNTER with digital offset
has six-digit LED readout and operates from
20 Hz to 100 MHz and from 100-mV sig-
nals. The displayed frequency may be inter-
nally offset from the signal frequency by a
constant value. This allows displaying re-
ceiver frequency by measuring its local os-
cillator. Model OFC-400 quantity price is
$550. Micro-Tel Corp., 6310 Blair Hill
Lane, Baltimore, MD 21209. Phone (301)
823-6227. 268

RF SIGNAL GENERATOR, Model 947, pro-
vides a printer output of its frequency. The
generator’s output can also be fed directly
to a computer without using an external
counter to convert to BCD. Frequency can
also be read directly on a 6-digit display.
Model 947 has a range of 50 kHz to 80
MHz and stability of =10 Hz. The generator
costs $3150. Logimetrics, 100 Forest Dr.,
Greenvale, NY 11548. Phone (516) 484-
2222. 269

25-MHZ COUNTER Type 460 has a six-
decade, 7/8-in.-high seven-segment LED
display with automatic decimal point. Sen-
sitivity is 0.2V rms up to 10 MHz. A front-
panel switch increases the sensitivity to 20
mV. It has 4 frequency ranges with gate
times of 1 msec to 10 sec in decade steps.
Cost is $375. Thornton Associates, Inc., 87
Beaver St., Waltham, MA 02154. Phone
(617) 899-1400. 270

TOTALIZING COUNTER Series 7443 fea-
tures a precision-wound ac coil and avoids
rectifier problems caused by voltage surges
common to industrial installations. The
counter operates at 600 counts per minute
on 115 or 230V ac. It comes in base or pan-
el-mounted 6-digit models with lock and
key, thumbwheel or knob reset. Veeder-
Root, Hartford, CT 06102. Phone (203) 527-
7201. ' 271

SOLID-STATE CONTROLLER Shawnee 336
is priced under $90. It is a plug-in, digital-
set, solid-state impulse count controller
with dpdt instantaneous and dpdt delayed
contacts. The counter is available in a single
range to count up to 9999 settable to the
exact digit. It counts up to 4000/minute
from switch closures or ac line voltages.
Automatic Timing & Controls, Inc., King of
Prussia, PA 19406. Phone (215) 265-0200.

272
METER RELAY/CONTROLLERS, contactless
Series 2600, average 25% less cost than
comparable edgewise controllers. The 2600
Series feature all solid-state ¢ irc uitry, a wide
variety of standard ranges and are also
available as indicators only. Manufacturer
can also supply custom designs. Sigma
Instruments, Inc., 170 Pearl St., Braintree,
MA 02185. Phone (617) 843-5000. 273
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Armour, a leading manufacturer of quality power supply modules, has
a new Specifier's Guide describing their various components.

Low cost standard and custom designed power supplies for use in
computer and peripheral applications.

To get your free copy of this important brochure, write:

Armour Electronics Corp.
51 Jackson Street, Worcester, Massachusetts 01608
Telephone: (617) 753-8103

Representatives °
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(213) 829-1731

Com-Sale Associates. Inc
10 Dale Street
Waltham, Mass. 02154
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LITERATURE
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HONEYWELL COMPUTER JOURNAL pre-
sents a new look in editorial content along
with ““an enhanced international flavor”. It
contains what is believed to be a publishing
first—a microfiche copy of the entire issue
attached to the inside back cover. Subscrip-
tions are available at $10 per year or $3 per
copy by writing to A. H. Shriver, managing
editor, Honeywell Computer Journal, Mail
Drop B-106, Box 6000, Phoenix, AZ 855)(7)55.

NEW KEYBOARD ELECTRONICS PRINCI-
PLE. A description of the scanning principle
behind the Cherry keyboard encoding sys-
tem is accompanied by a diagram showing
interaction between an 8-bit counter, two
multiplexers and a 4-to-16 line decoder.
There is also a chart of basic electrical spec-
ifications. Cherry Electrical Products Corp.,
3600 Sunset Ave., Waukegan, IL 60085.
276

NEW FREE CATALOG lists thousands of
hard-to-find items for industry. Catalog 722
has 148 pages of over 4000 components:
lenses, prisms, wedges, mirrors, mounts,
and all types of accessories. Included in
Edmund'’s new line of laser accessories are
the following: 8X & 20X collimators, spatial
filters, Brewster windows, photometers,
universal connecting bases, and adjustable
laser carriers. Edmund Scientific Co., 380
Edscorp Bldg., Barrington, N | 08007. 277

68

UPDATED BROCHURE of inductive com-
ponents covers LC-filters, balun transform-
ers and toroidal coils. Expanded to 20
pages, it includes useful design advice on
the selection of filter types and a modern
glossary of filter terms, in addition to de-
tailed specifications of each component.
The brochure is designated #11001 and
free copies can be obtained by writing to:
Cambridge Thermionic Corporation, 445
Concord Avenue, Cambridge, MA 02138.

278

DIGITAL PANEL INSTRUMENTS selection
is simplified with a pocket-size guide. This
ten-page brochure lists specifications and
prices for more than 75 Newport Laboratory
meter models. Cross referencing of all in-
struments in tabular form permits rapid
evaluation and comparison. Newport Labo-
ratories, Inc., 630 E. Young St., Santa Ana,
CA 92705. 279

A DIGITAL INSTRUMENTS short-form ca-
talog covers a line of miniature digital in-
struments for industrial controls. The four-
page catalog includes a brief description of
technical data, electrical and mechanical
specifications, prices and options. It features
a gate-fold page with template cut outs to
exact size for determining panel-mounting
requirements for all instruments shown.
Electronic Research Co., 10,000 W. 75th
St., Overland Park, KS 66204. 280

DIGITAL CASSETTE DRIVES. A new bro-
chure describes operations and specifica-
tions of the Ampex Model TMC digital cas-
sette drive. Specifically designed for data
processing operations, the TMC is a high-
performance recorder featuring single- or
dual-track heads and ECMA-ANSI compati-
bility. Request brochure C-211 from Ampex
Corp., Marketing Communications (MS-7-
13), 401 Broadway, Redwood City, CA
94063. 281

HIGH VOLTAGE CAPACITOR catalog pro-
vides detailed performance specifications
on high-precision, wrap and fill, and her-
metic-sealed film capacitors, including the
new reconstituted mica and metallized pol-
ypropylene types. This reference book also
includes high voltage units up to 200 KV. A
complete section of engineering application
notes are also featured. Del Electronics
Corp., 250 E. Sanford Blvd., Mt. Vernon, NY
10550. 282

(Dintronies

ANALOG FUNCTION MODULES are
shown in a 16-page catalog. Product lines
covered include CRT display modules, ana-
log multipliers-dividers, fast op amps, rms
operator modules, sample-hold modules
and modular power supplies. Intronics Inc.,
57 Chapel Street, Newton, MA 02158. 283
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MINICOMPUTER CATALOGUE. A revised
20-page catalog listing products and ser-
vices, includes Data General’s new Nova
1210, Nova 1220, and Nova 820 comput-
ers, and details new hardware options, in-
cluding an 8K, 16-bit core memory and a
turnkey operator’s console. Separate sec-
tions deal with software, peripheral equip-
ment, customer support, and the Nova in-
struction set. Write Data General Corp.,
Southboro, MA 01772. 284

ENERGY STORAGE CATALOG contains
up-to-date product information, valuable to
researchers and engineers who require ca-
pacitor discharge energy. The catalog, or
any one of the five sections, are available
free of charge on letterhead request. Tobe
Deutschmann Laboratories, Inc., 550 Turn-
pike Street, Canton, MA 02021. 285

COMPUTER COMMUNICATION EQUIP-
MENT of many types are described in a 16-
page brochure. Equipment includes mes-
sage switching and communications pro-
cessing computer systems and remote
communications terminals. Systems and
products discussed are accompanied by
general descriptions together with pic-
tures, diagrams and specifications. Comput-
er Communications, Inc., 5933 W. Slauson
Ave., Culver City, CA 90230. 286

LED READOUT Bulletin RO5051 details
series 745 solid-state readouts. The GaAsP
device has a character height of 0.270 inch,
and comes in a 14-pin DIP. Displays are
available with either left or right decimal
and have single-plane wide-angle visibility,
and can be driven directly by most TTL and
DTL circuits. Dialight Corp., 60 Stewart
Ave., Brooklyn, NY 11237. 287

SEMICONDUCTOR PACKAGING Catalog
provides details on packaging manufactur-
ing, sealing, and finishing, as well as on the
company’s plating facility. Half the catalog
is devoted to the more than 50 different
types of semiconductor packages Tl offers.
A basic description that includes specifica-
tions, package measurements, and recom-
mended applications is given for each pack-
age type. Texas Instruments Inc., 13500
North Central Expressway, Dallas, TX. 288

A COMPLETE LINE OF PACKAGING SYS-
TEMS AND COMPONENTS are introduced
in an 8-page short-form catalog. Products
include card files, logic panels, DIP sockets,
DIP packaging drawers and a complete soft-
ware/wiring service. Scanbe Mfg. Corp.,

3445 Fletcher Ave., El Monte, CA 91731.
289

ANALOG X-Y RECORDER information is
given in a four-page brochure. Gould Instru-
ments’s Brush 500 recorder for portable use
or rack mounting is described. The instru-
ment features pressurized-ink writing, a
non-contact pen position feedback system
that enforces 99.85% linearity and a writing
speed of 40 in./sec in both axes. Gould,
Inc., Instrument Systems Div., 3631 Perkins
Ave., Cleveland, OH 44114. 290

BCD-TO-SEVEN-SEGMENT DECODER
Type 704-1554 is described in a data sheet.
The device drives Dialight’s Series 745 sin-
gle-digit solid-state numeric display and is
capable of converting four lines of BCD
code into the appropriate outputs, which in
turn drive the single-digit solid-state read-
out. Dialight Corp., 60 Stewart Ave.,
Brooklyn, NY 11237.

(Advertisement)

ADC 700 Series Converters. Convert 12
binary bits in 6.5 usec and 8 binary bits
in 3.5 usec with up to 0.0259, full range
accuracy and +=10 ppm/°C stability.
Voltage switching attains high conver-
sion speed without sacrificing accuracy,
while maintaining linearity. A reference
generator circuit allows the units to meet
their specified accuracy with =59, regu-
lation of the power supplies. Saturated
bipolar switches help to provide low tem-
perature coefficient. Series includes six
fully-repairable models. Prices start at
$375 each. Phoenix Data, Inc., 3384 W.
Osborn Rd., Phoenix, AZ 85017. Phone
602/278-8528. TWX 910-951-1364.

CIRCLE NO. 29

ADC 1370 Series Converters. Capable of
encoding =10V full range inputs into 13
binary bits of data with a minimum
thruput time of 14 usec. Provides a reso-
lution of 1 part in 8,191 with an accuracy
of +£0.0159% of full range. Features a
low temperature coefficient of =5
ppm/°C; full range input of +10V, O to
+10V, 0 to +5V, or =5V standard; with
optional 100 megohms input impedance
amplifier; serial and parallel outputs;
71,428 conversions on command or con-
tinuous. Prices start at $875 in 1 to 5
quantities. Phoenix Data, Inc., 3384 W.
Osborn Rd., Phoenix, AZ 85017. Phone
602/278-8528. TWX 910-951-1364.

CIRCLE NO. 30

ADC 300 Series Converters. Complete,
fully-assembled, plug-in modules incor-
porate all of the functions necessary to
perform conversions except for power
supplies. Accurate to within +0.0259%,.
Single card open construction facilitates
field repair and low profile permits units
to mount on 0.5” centers. Price of the
ADC 312 (12 bit) unit in 1 to 5 quantities
is $300. Phoenix Data, Inc., 3384 W.
Osborn Rd., Phoenix, AZ 85017. Phone
602/278-8528. TWX 910-951-1364.
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DESIGN DATA

Application

PHYSICAL MEASUREMENT INSTRUMEN-
TATION. What type of physical measure-
ment would you like to make: pressure?
force? acceleration? vibration? displace-
ment? strain? temperature? or maybe an en-
gine analyzer is what you need? Tektronix,
Inc. can show you how to make these
measurements with an oscilloscope in a
new 24-page booklet. Tektronix, Inc., Box
500-A, Beaverton, OR 97005. 301

“TECH TIPS” 1-2 provides formulas for the
calculation of average and RMS currents for
a half-sine-wave form, and for phase con-
trol of a half-sine wave form at 60 Hz. Also
included are charts which can be used to
determine peak-to-RMS, average-to-RMS,
peak-to-average, and reciprocals of the
current relationships. Westinghouse Elec-
tric Corp., Semiconductor Div., Young-
wood, PA 15697. 303

Notes

DIGITAL FREQUENCY SYNTHESIZERS are
detailed in ICAN-6716, “Low-Power Digi-
tal Frequency Synthesizers Utilizing COS/
MOS IC’s.”” The App note briefly reviews
digital phase-locked loop fundamentals and
discusses practical digital loops including
the use of hetrodyne down-conversion.
Twenty-five figures include complete logic
and circuit diagrams, as well as circuit and
timing waveforms. RCA Solid State Div.,
Box 3200, Somerville, N ] 08876. 299

METHODS OF MEASUREMENT for semi-
conductor materials process control, and
devices —quarterly report April 1 to June
30, 1971 —covers significant accomplish-
ments of a program carried out by NBS on
measurement of resistivity of semiconduc-
tor crystals, study of gold-doped silicon;
measurement of transit time and related
carrier transport properties in junction de-
vices. U.S. Government Printing Office,
SO Catalog No. C13.46:702, Washington,
D. C. 20402. 304

FET DESIGN BROCHURE, titled “FET De-
sign Ideas,” Bulletin CB-145, is 17 pages
long and covers how to properly bias FETs,
describes 26 different FET applications, and
provides a listing of the most popular FETs
in the industry. A complete listing of FET
application reports currently available from
Tl is included along with ordering instruc-
tions. Texas Instruments Inc., Inquiry An-
swering Service, P.O. Box 5012, MS/308,
Dallas, TX 75222. 302

MANUFACTURER LIABILITY and related
problems are discussed in a new leaflet pub-
lished by the Hazard Evaluation and Lia-
ability Prevention Div. of Associated Test-
ing Laboratories. The leaflet, ““Here Is
HELP,” notes that product safety and mini-
mizing the liability potential is of major con-
cern to manufacturers, importers, repairers,
retailers, advertising agencies, insurers and
attorneys as well as those who are involved
with industrial education and product
standards. Hazard Evaluation and Liability
Prevention Div., Associated Testing Labora-
tories, Inc., Box 408, Wayne, N | 07470.

300
Reference copies of the following articles are available without charge:
R.S. NO. TITLE PAGE NO.
L61 Analog circuit modules offer advantages in industrial systems .. .......... ... ... ... ... ..... 18
L62 Test op amps the easy way with simple step-by-step methods . .. ..... ... .. ... .. ... ... ... 28
L63 Don’t be confused by IC switching time specifications . :........ ... ... . ... ..., 34
L64 Bob Fillingham and Carlos Chong of Nemonic Data Systems speak out on
PIAtCd-WIrE MEMOTIES: 5 5 + 6 i sss.soiiie i 5 645 575 6050 40 6% of s B0 w13 6 3 36 L8 63 &6 6 0 .91 0 B il 40
L65  Don't neglect the solid-state analog sWItch .« . cuowwss i ommmatn s cummeiio g s s omman s ais s 44
L66 Solid-state 1T00W amplifier operates from @ 12V source . .. ...t 46
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New Heathkit IB-1101 Frequency Counter is the one you've been waiting
for! With full 5-digit readout, 8-digit capability when using the range
selector and overrange circuitry. The exclusive solid-state circuitry ac-
cepts inputs from less than 50 mV to over 200 V, depending on fre-
quency, without damage. And the IB-1101 has automatic decimal,
overrange & gating lights, one megohm input impedance & low input
capacitance to minimize circuit loading. Stable time-base crystal has
better than =3 ppm from 17°-32° C. You get it all together in an easy
10 hours. Now that the price is right, why not get a better counter?
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Your FREE

'72 Heathkit
Catalog contains
the world's
largest selection
of kit-form
instrument values.

Use this coupon

to order your FREE
'72 Heathkit Catalog.
Now there are more than 350 kits
to choose from.

T
"""""""""""""""""" Schiumbt
HEATH COMPANY, Dept. 57-3 —I

Benton Harbor, Michigan 49022 :
[J Please send FREE Heathkit Catalog. 1
[JEnclosed is $_—__, plus shipping. :
Please send model(s). 1
Name. ]
Address :
City. State Zip 1
Prices & specifications subject to change with- !
out notice.  *Mail order prices; F.0.B. factory. !
TE-258
————————————————————————————————————— -
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HP’s 3310A is the function generator
that gives you seven different wave-
forms—in three different modes—in
one inexpensive package.

In its basic form, the 3310A gives
you a continuous output of square
waves, sine waves, and triangle waves
— plus positive and negative ramps
and pulses—for only $595.

And for only $140 more, you can
get the 3310B, which lets you gen-
erate each of these seven waveforms
in two other modes — single-cycle
and multiple cycle “bursts.” These
can be triggered either manually or

Make Waves...

by an external oscillator; starting-
point phase can be varied by = 90°.

In either the “A’ or “B” version,
the 3310 gives you a choice of ten
frequency ranges—from 0.0005 Hz
to 5 MHz—and an output voltage
range from 15 mV pk-pk to 15 V
pk-pk into 50() load. Dc offset of
+5 V into 50() load is also standard.

Both the 3310A and 3310B can be
used in frequency-response and
transient-response testing, as a
waveform converter, for generating
phase-coherent waveforms, and as a
frequency multiplier or divider,

CIRCLE NO. 2

just about any waveform
you can imagine

among other things. Applications in-
clude testing television and com-
munications systems, radar systems,
and analog or digital circuits.

For further information on the
3310A and 3310B, contact your
local HP field engineer, or write to
Hewlett-Packard, Palo Alto, Cali-
fornia 94304. In Europe: 1217 Meyrin-

Geneva, Switzerland.
090/41A

HEWLETT ﬂ PACKARD
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We've turned the world of displays upside down

" NEW PANAPLEX Il ;2.
lowest cost... lowest powe!

- MOS compatibility

Lowest power—average power less
than 5 milliwatts per segment

Lowest cost—$1.00 per digit*

» MOS compatibility—cathodes and anodes
can be driven from MOS circuits

There is a lot of talk about displays—new
technologies, new innovations, a lot of good
new things just “over the horizon.” But the
fact is that the PANAPLEX Il panel display,
representing a technology that grew from the
NIXIE® tube, is the best numeric display
available now.

Only PANAPLEX Il panels switch on voltage
and current low enough for direct MOS
compatibility . .... Cut power requirements
tomilliwatts.. . ... And cut costs down to
$1.00 per digit.* Characters are bright and
readable and can be custom-tailored for
numerous applications. . . including
annunciators requiring special fonts. We
packed 8 to 16 digits into a 0.2” — thick (not
including tubulation) in-plane display panel
for calculators, cash registers, special
instruments, you name it.

PANAPLEX Il PANEL DISPLAY — More
than another new readout, a whole new
way of looking at numeric displays.

For additional information write:
Burroughs Corporation,

Electronic Components Division,
P.O. Box 1226, Plainfield, N.J. 07061;
or call our special applications
assistance number, (201) 757-3400.

*50,000 tube quantity.

Burroughs .



