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We furnish the building blocks. . .you
design your system. You can go from
a single generator to a complex
system simply by connecting the
building blocks.

The new HP 1900 pulse system is
a new generation of plug-in pulse
generators—a new all-around bench
instrument that solves both high and
low voltage rise and fall problems.
It is especially suitable for test-
ing magnetic memory devices where
high current output is required, or
testing MOS logic devices requiring
high voltages.

The HP 1900 now provides 50 V,
1 amp pulses into 50 ) up to 100%

duty cycle, variable rise and fall times
from 7 ns to 1 ms, 25 Hz to 25 MHz
rate, delay from 15 ns to 10 ms—all
for a total price of $2750. For 2 to
16-bit word format, add the 50 MHz
HP 1925A Word Generator. You can
use this plug-in to create pseudo-
random noise or get a word or its
complement in return-to-zero or
non-return-to-zero modes. An option
makes the 1900 system electronically
programmable.

And the new 1900A system is no
paper tiger! All its specifications are
working specs — if anything, con-
servative.

Plug-in design of the 1900A system
allows you to select the best per-
formance combination for your re-
quirements — and modify later to

It's expandable —the new
HP 1900 pulse system

for clean, controllable,
high-power pulses!

meet your changing needs. Soon-to-
come are new modules providing
sub-nanosecond rise and fall times,
lower power output stages at much
lower prices — and more exotic
modules with excitingly new state-
of-the-art specifications.

Start designing your pulse genera-
tor system today with the expand-
able HP 1900A system. Call your
nearest HP field engineer for com-
plete specifications. Or, write to
Hewlett-Packard, Palo Alto, Cali-
fornia 94304. Europe: 1217 Meyrin-
Geneva, Switzerland.

- . -
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Real-Time
Analyzer

The Type 1921 Real-Time Analyzer is
a new generation analyzer. It per-
forms real-time one-third octave
spectrum analysis in the frequency
range from 3.15 Hz to 80 kHz employ-
ing a unique digital detection
scheme to achieve performance un-
attainable with analog techniques.
The major components of the an-
alyzer are the Type 1925 Multifilter
and the Type 1926 Multichannel
RMS Detector.

Counter

New 35-MHz IC counter-timer (the
1191-B) measures frequency, fre-
quency ratio, time interval, period
average, and period between suc-
cessive pulses...1-us minimum dis-
play time . . . frequency range ex-
tends to 500 MHz with GR scaler . . .
10-mV sensitivity (to 20 MHz) . . .
optional high-precision time base
and BCD data output.

Random-Noise Generator

GR's new random noise generator,
the 1383, generates wide-band noise
of uniform spectrum level . . . 20 Hz
to 20 MHz, 41 dB ... 30-xV to 1-V
output, open-circuit . . . 50-ohm out-
put impedance . .. meter and 10-dB-
per-step attenuator.
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Sweep-Frequency Reflectometer

Reflectometry has been greatly sim-
plified with GR's new 1641. It gives
direct, precise readings of SWR and
insertion loss (in dB) from 20 MHz
to 7 GHz in two ranges in sweep- or
single-frequency operation . . . resid-
ual SWR typically <1.02 . . . direct
reading in SWR and loss . . . all co-
axial hardware internal . . . precali-
brated, simplified operation
complete — add only source and
'scope.

Pulse Generator

The 1340 is the widest-range pulse
generator in its price class, only
$395 inthe USA. Extremely useful for
testing IC's. . . 0.2 Hzto 20 MHz. ..
2.5 s to 25 ns duration...5-nsrise
time...10-V output with+1-V offset
. amplitude, period, duration

modulation.

Megohmmeters

Introducing two new megohmmeters
- both are direct-reading, safe,
stable, and easy to operate. The 1863
is the choice for production and in-
spection uses . . . 5 test voltages: 50
to500V...50 k21020 T (2 x 1013Q).
The more flexible 1864 is best for the
laboratory . . . 200 test voltages: 10 to
1000 V... 50 k2 to 200 TQ (2 x 104Q).

INFORMATION RETRIEVAL NUMBER 2

Digital Voltmeter Calibrator

Calibrate your dc digital voltmeters
quickly and easily with our highly
stable 1822 calibrator . . . 100-uV to
1111.1-V output . . . 10-ppm stability

. mobile secondary standard . . .
automatic stepping, programmable.

Impedance Comparator

Versatile new 1654 Impedance Com-
parator with percent-deviation read-
out of magnitude and phase angle
... 0.008% comparison accuracy . . .
100 Hz, 1, 10, and 100 kHz . . . wide
impedance ranges. Addition of new
1782 Analog Limit Comparator in-
creases measuring speed of 1654 up
to 4 components per second, pro-
vides limit-control settings and dis-
play lights for manual sorting. Op-
tional models operate automatic
sorting devices.

Alsonew...

An attractive quantity-discount poli-
cy. All GR products are subject to a
quantity discount ranging from 3%
for 2-4 units to 20% for 100 units.

See these and many more exciting
new instruments at the IEEE Show,
Booth 2E26-2E36.

GENERAL RADIO




New Datapulse 112 gives you higher rep rates (to 125 MHz), faster rise times (1.3ns) and
narrower pulses (to 3ns)—yet it costs you hundreds of dollars less.

What’s more it has all the pulse parameter control you need to test high-speed
circuits: simultaneous ‘ 5V outputs, single or double pulses, independent dc
offset to ' 2V, widths from 3ns to 5 ms, and delays to 5 ms.

You can control the pulse train with external gating pulses, produce
complementary outputs for duty cycles approaching 100%, set the baseline
at exact ground with a switch, and reduce rep rate to 10 Hz for low-speed testing.

No other high-speed pulser offers so much for just $1595.00 . .. and the 112 is
being delivered now. For a demo contact Datapulse Division, Systron-Donner Corporation,
10150 W. Jefferson Blvd., Culver City, Calif. 90230 213-836-6100.

Why buy a high-priced 100 MHZz pulser?
Here's 125 MHz for $1595!

POSITIVE OUTPUT NEGATIVE OQUTPUT

s e | Another first.
: Ny 38\ 'f One of 135

b Systron-Donner
l instruments
S Electronic counters Analog computers
|<3ns>| Pulse generators Digital panel meters

Microwave frequency Microwave signal
indicators generators
DATAPULSE Digital clocks Laboratory magnets

Memory testers Data acquisition
Digital voltmeters systems

Time code generators Microwave test sets
Data generators
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ALMOST.

With Fairchild’s new MOS MICROMOSAIC™ arrays, you get low-cost, custom digital
subsystems so fast they’re almost off-the-shelf.

The key to this lower cost and rapid turnaround time is the new computer-aided design
technology we’ve developed for our MICROMOSAIC arrays. The entire design sequence —
logic simulation and verification, cell selection and placement, artwork and test sequence
generation — is performed by the computer directly from a logic diagram. Logic cells for the
arrays are selected from a library of more than 45 pre-designed MOS functions (using
either high- or low-threshold technology for MOS or bipolar interface compatibility).

Each completed MICROMOSAIC array consists of only the logic your application calls for.

With MICROMOSAIC arrays, your small, custom computers and special-purpose logic
functions for industrial or military control systems can be competitive with standard products
on price and delivery. And way ahead on performance. (It offers so much, we're
using MICROMOSAIC for some of our own standard products.)

Take the first step toward getting this technology into your systems. Write for our Micromosaic
Array Design Handbook today. It’ll tell you how much integration we can apply to your
system. And give you an idea of how much time and money we can save you doing it.

Fairchild Semiconductor A Division of Fairchild Camera

0 el T A
w and Instrument Corporation Mountain View, California 94040
SEMICONDUCTOR (415) 962-5011 TWX: 910-379-6435.
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“WHEN IT COMES TO REED RELAYS,

S

MAGNECRAFT WROTE THE BOOK”™!

After developing the largest stock of dry reed and mercury-wetted relays

on the market today, we had enough experience to write a book. So, we
did! An 80-page handbook, in fact. It starts off with a glossary of terms
and carries through to a complete product data section. In addition, there
is information on applications and design considerations, how to specify
relays, principles of operation and testing procedures.

Free copies are available to qualified circuit designers, engineers and
others involved in the electrical or electronic fields. Write for yours. We
may never win a Nobel Prize for literature, but if they ever offer one for

advancements in reed relay development — well, that’s another story.

Manufacturing Stock Relays for Custom Applications

Magnecraf - ELECTRIC CO.

5575 NORTH LYNCH AVENUE ¢ CHICAGO, ILLINOIS 60630 312 « 282-5500
See us at Booth number 3J16 at IEEE Show
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One of the toughest demands ever thrown at coaxial cable
designers came along with the new high-flying, high per-
formance manned military aircraft such as the F-111, and
EA-6B etc. A lightweight, flexible cable with low VSWR and
high temperature capability was needed for easy installation
in tight locations, to accommodate aircraft length tolerances,
and to connect to shock mounted equipment.

Our response was to develop and qualify Flexispline*, a
flexible coaxial cable with a TFE air-space dielectric which
operates to 12 GHz. It handles high cw power levels at
elevated temperatures and altitudes while exhibiting low loss
and low VSWR. Straight and right angle connectors of N,
TNC and SC types are available. Typical VSWR for a 20-
foot cable assembly is 1.25:1 from 4 to 8 GHz and 1.35:1
from 8 to 12 GHz.

Times also furnishes semiflexible coaxial cable having
corrugated aluminum outer conductor with TFE air-cell

dielectric (no pressurization required) . . . with even lower
loss and higher power-handling capability (see graph).
We've won our wings on many tough interconnect problems.
Let us work with yours. *Test Data Available
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TAWAT0ON LSS

Radiation offers the circuit designer two orders of
magnitude improvement in hardening levels over
conventional PN junction devices. This is accom-
plished by dielectric isolation, thin-film resistors over
oxide, small-device geometries, shallow diffusions
and other special design techniques. So when you
pick the Best IC for a radiation environment appli-
cation, doesn’t it make sense to come to the leader
in hardened circuit technology?

Our line of defense consists of 930 series DTL, a
level shifter, a line driver and a linear 709. These
are not prototype circuits. We can deliver Dual 4
Input; Dual 4 Input Power or Triple 3 Input Gates;
Clocked Flip-Flop;Dual 4 Input Buffer; Dual Level
Shifter; Dual Line Driver and 709 Operational Ampli-
fiers. With the exception of the Dual Level Shifter
and Dual Line Driver, all are plug-in replacements
for their non-hardened 930 Series and 709 counter-
parts. The Hardened Dual Line Driver is a pin-for-pin
replacement for Radiation’s standard RD 209 Line
Driver.

Want more information? Contact your nearest
Radiation Sales Representative. He'll give you com-
plete details and help you pick the Best IC for the Job.

WE MAKE THE RES\ \Q FOR THE JOB ‘ '
' = € RADIATION

INCORPORATED
SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
MICROELECTRONICS DIVISION

RADIATION SALES OFFICES: P. 0. Box 476, Lexington, Mass. 02173, (617) 862-1055 « 600 OId Country Road, Garden City, N.Y. 11530, (516) 747-3730 « 2600 Vlrnuml Avl N W., Washington, D.C. 20037. (202) 337-4914 « 6151 W. Century
Bivd. Los Angeles, Calif. 90045, (213) 670-5432 » Saratoga, Calif., (408) 253-5058 « P. 0. Box 37. Melbourne, Fla. 32901, (305) 727-5430 « ional Sales: Mark P. 0. Box 37, Melbourne, Fla. 32901, (305) 727-5412

See these circuits at I[EEE  Booth 4-H 19-21
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the lowest priced
military-quality
1€ voltage regulator

SOYS

cach

at quantities of 1000

General Instrument, the “#1
Power'’ in hybrid micro-
circuitry, introduces the
NC-531 hybrid voltage regu-

lator, the first and only ‘‘Class

A" integrated circuit voltage

regulator available at a ‘‘Class C'’ price.

Internally set to 15V =100 mV, the NC-531,

unlike monolithic IC voltage regulators, requires

no external components for normal operation.

Provisions have been included in the design to

allow the user to obtain other voltages and cur-

rents easily with a minimum of additional com-
ponents in order to provide maximum versatility
in the widest variety of applications.

HYBRID
POWER

The NC-531 in a TO-100 package is imme-
diately available in quantity, off-the-shelf from
your authorized General Instrument distributor.
For full information on the NC-531 and the
broadest line of hybrid ICs available anywhere,
write for your ‘‘Hybrid Power'’ data-pak today.

PARAMETER MAX MIN
Input Voltage 40 —_
Output Voltage (externally adjusted) 38v 8v
Load Current 250ma Oma
Operating Temperature +125°C —55°C
Storage Temperature +175°C —65°C
Power Dissipation T, = 25°C (without heat sink) 500mw —_
i CIRCUIT PERFORMANCE RATINGS:
T.= +25°C V.= +19v | = 40ma
(unless otherwise noted)
CHARACTERISTIC TEST CONDITION | MIN | TYP [ MAX |UNITS
Output Voltage Internally Set 149 | 15.0 [15.1 Volts
Vin-Vour
Input/Output Differential| (without external 2 — — Volts
pass transistor)
Line Regulation Vi 19v +10% —_ Sl %
Load Regulation 0 to 40ma — .05 .075| %
Load Regulation 0 to 100ma — % § 25 %
Ripple Rejection _— 40 — db
Output Z DC to 100KC _ 2 L] Q
Temperature Coefficient — 0.9 1.5 mv/°C

(In Europe write: General Instrument Europe S.P.A., Piazza Amendola 9, 20149 Milano, Italy.)

GENE

RAL

INSTRUMENT

GENERAL INSTRUMENT CORPORATION e 800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK

10
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Cimron leapfrogs the DVM industry
—and there’s a reason!

A number of reasons, to be exact! The all-IC Model
6753 is the next generation in digital multimeters—
the lowest-priced autoranging instrument that will
read DC from 100 nanovolts to 1099.9 volts and DC
ratios. A fast-tracker, too—ideal for systems work. The
closed loop tracking logic continually samples output
at the rate of 14 readings a second, with accuracies of
*0.001% full scale +0.005% of reading. Like to
learn about automatic desensitization? repetitive
mode? out-of-range indication? Just ask how they can

help you. Important to you is the basic design, featur-
ing optional IC plug-ins to extend capability which
you can install yourself without technical service!
Options include a 4-range AC converter with 10
microvolt sensitivity, a 5-range ohms converter, re-
mote programmability, five print-out options. You
can’t beat the base price of $2990! Cimron’s cus-
tomer concern continues to provide what you really
need at the lowest possible price. Write Cimron,
Dept. C-130, 1152 Morena, San Diego, Calif. 92110.

@@

CIMRON DIVISION

LEAR SIEGLER, INC.
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is still
twice as fast
as the fastest.
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Now, 10 MECL Il circuits

are available

in production quantities

350 MHz FIip-Flops head list

of dewces in three systems-oriented MECL families
Your digital logic system is still

MC 1665 (L.ow Z) . only half as fast as it could be — if
Quad 2-input OR Gate you’re not using MECL III — the
a World’s fastest, most advanced

, :D—z : form of integrated circuit logic.
e . ’ Now you have seven new functions
'GZD_:% ‘ including one-nanoseccnd gates

7 — ~ - and a variety of flip-flops with
BZD_m toggle/shift frequencies of 350
9 o MHz — with either high or low
10— : impedance inputs. And, they’re all

‘ }"13 available in production quantities,

- v ' with still many other types in the

development stages. Here are the

7 new types:

e MC1661S (Low Z) Dual
4-input OR/NOR Gate

MC1669 (Low 2) i h e
Dual 2‘,22}?,5, o';ype o o MC1664S (High Z) Quad
6. : 2-input OR Gate
0":__.'__ o MC1665S (Low Z) Quad
9—DS aOF-13 2-input OR Gate
. 1 e MC1667S (Low Z) Dual,
12 : 2-phase R-S Flip-Flop

e MC1669S (Low Z) Dual,
2-phase, Type “D” Flip-Flop
e ( e MC1671S (Low Z) Dual,
Single-phase, Type “D”
Flip-Flop
An ‘“Advance Applications
Information’ brochure is now

available to assist you with your
MECL III designs. Send for it.

INFORMATION RETRIEVAL NUMBER 91

Compatible MECL 11. . . still
faster than saturated logic!

You may not need or want quite
as much speed for other sections
of your digital system. So, there’s
a MECL series that offers 4 nS
propagation delay and approxi-
mately 100 MHz toggle/shift fre-

MOTOROLA ntegrated Circuits

Motorola Semiconductor Products Inc./P. O. Box 20912/Phoenix, Arizona 85036

ELECTRONIC DESIGN 6, March 15, 1969

quencies. That’s MECL II. And,

now there are more than 65

devicesin this unique series, count-

ing the four new ones below:

e MC1028L Dual 4 nS, 4-Channel
Data Selector. (The first low-
cost multi-layer metal circuit
that is commercially-available.)

e MC1039L Quad Level
Translator.

e MC1040L Quad Latch.

e MC1043L 3-Bit Binary to One-
Of-Eight Line Decoder.

Watch for the introduction
of these additional
2 nS MECL Il Circuits!

e MC1062 Quad 2-Input
NOR Gate

e MC1064 Quad 2-Input
OR Gate

e MC1061 Quad Twisted Pair
Line Receiver.

e MC1063 Quad Twisted Pair
Line Driver. (OR/NOR
outputs)

e MC1066 Triple 2-Input Gate
With OR/NOR outputs.

All MECL III types (MC1600
series) are currently available
from distributor stock in the 14-
pin flat pack with stud (for heat
sinking).

The MECL II types (MC1000
series) are in the 14 and 16 pin
dual in-line ceramic packages. For
complete specification data and
applications information, circle
the reader service number or write
to the address below.

INFORMATION RETRIEVAL NUMBER 92
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Maybe we don’t have to
run-in every Bodine motor.
But why argue with success?

We've always done it this way be-
cause customer satisfaction is our
main concern.

You expect to receive Bodine frac-
tional horsepower motors whose
brushes are seated, whose rotor or
armature shafts run free and easy in
their bearings. You don’t expect to
find oil leaks or grounded stator, field
or armature windings—for which our
run-in department personnel keep a
sharp and practiced eye.

You expect to install in your prod-
uct motors which have been run, mo-
tors which are operational.

14

Except for non-reducer ball bear-
ing induction types, all Bodine motors
undergo run-in of varying durations.
We make sure that Bodine motors are
in perfect working condition when
they leave the factory. They must
meet very high standards for quality—
the kind Bodine has maintained for
over sixty years.

Doesn’t your product deserve mo-
tors of such quality? Bulletin S de-
scribes over 275 stock types and sizes
from 1/2000 to 1/6 hp. Write Bodine
Electric Company, 2528 West Bradley
Place, Chicago, Illinois 60618.

INFORMATION RETRIEVAL NUMBER 11

Bodine motors wear out—
it just takes longer

BODINE

fractlonal/horsepower

MOTORS

..the power behind the leading products

ELECTRONIC DESIGN 6, March 15, 1969



telonic’s new
log amp detector
has a dynamic range of

|0

(without a pit stop)

And that’s a long stretch of signal by any standard. This new log
accept voltage swings as wide as 178,000 to 1, and still provide an
you an on-scale display. Operable over 400 kHz to 130 MHz, the a
any RF input to a logarithmic value and supplies a linear output f
or recorder. :
Ideal for gain measurement, log plotting, response testing or other apph
where the input signal takes wide excursions, this new instrume
Expansion and Zero Offset adjustments to maximize its versatility.

The Model 3353 is
the 2003 Sweep/Sign:
tem permitting the
swept or CW signa
dBm. This allow
wide ranges of i
power levels w
erenceline A | [+ changing the |
: settings.

BOId ]
= \f =

Typical display of narrow band amplifier response indicating
70 dB bandwidth (sensitivity, 20 dB per division)

Other Specifications

Useful Input

Power Range ........ —80 dBm to +20 dBm
Linear Log Range....... —70 dBm to +20 dBm
Departure from Ideal Log Response ....=2 dB
Tangential Sensitivity................... —85 dBm

Write For Details — Complete specifications on this new log amp plus the 2003 Sweep
Generator are available on request. Write the Marketing Department for File 3353.

H :
A Division of Telonic Industries, Inc.

TELONIC INSTRUMENTS 60 N. First Avenue

Beech Grove, Indiana 46107
Tel: 317 787-3231 « TWX: 810 341-3202

INFORMATION RETRIEVAL NUMBER 12
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How doyou get prototype, special
or short-order crystal filters fast?

Listen to Sherold’s pitch.

We're right on target with the top-quality crystal technology that
assures you of prototypes and short-order specials with the
speed and accuracy you need. And the facilities to put your
prototypes into low-cost quantity production when the time
comes. That's why Sherold is the largest single independent
source for both crystal filters and discriminators. And why we've
built more PRC and VRC filters than any other supplier. Sherold
has the widest range of filter designs in production and the
technology to develop and put yours into production, too. From
computer-designed monolithic filters to extra-rugged MIL-spec
models. Send us the details of your frequency selection problem
and we'll listen to your pitch. Write Sherold Crystal Products
Group, Tyco Laboratories, Inc., 1510 McGee Trafficway, Kansas
City, Mo. 64108. Or phone (816) 842-9792. TWX 910-771-2181.

See us at |.E.E.E. Show — Booth 3E11-14.

INFORMATION RETRIEVAL NUMBER 13
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Designer’s
Datebook

APRIL 1969 MAY 1969

Sun| Mon| Tue| Wed| Thu| Fni | Sat Sun| Mon| Tue | Wed | Thu | Fri | Sat

11 2| 3|4|5 2

6| 7| 8| 9|10|11 |12 41 5| 6| 7| 8| 910
13|(14| 15|16 |17 |18 |19 11112 13| 14| 15[ 16 | 17
20 |21 (22|23 |24 |25 |26 18(19( 20| 21| 22|23 |24
27 | 28| 29|30 25|26|27 | 28| 29|30 (31

For further information on meet-
ings, use Information Retrieval Card.

Apr. 16-18

Geoscience Electronics Sympo-

sium (Washington, D.C.). Spon-

sor: G-GE; Maurice Ringeback,

Weather Bureau, ESSA. Gramax

Bldg., Silver Spring, Md. 20910
CIRCLE NO. 440

Apr. 22-23
Relay Conference (Stillwater,
Okla.) Sponsor: NARM & Okla.
State Univ.; Dr. D. D. Lingelbach,
Engineering and Industrial Ex-
tension, Okla. State Univ., Still-
water, Okla, 74074

CIRCLE NO. 441

Apr. 23-25

Southwestern IEEE Conference

and Exhiibt (San Antonio, Texas).

W. H. Hartwig, Univ. of Texas,

EE Dept., Austin, Tex. 78712
CIRCLE NO. 442

Apr. 30-May 2
Electronic Components Confer-
ence (Washington, D. C.). Spon-
sor: G-PMP, EIA; James O’Con-
nell, ITT Hdgs., 320 Park Ave.,
New York, N.Y. 10022

CIRCLE NO. 443

May 5-7

Electrical & Electronic Measure-

ment & Test Inst. Conference (On-

tario, Canada). Sponsor: G&-IM; G.

E. Schafer, National Bureau of

Standards, Boulder, Colo. 80302
CIRCLE NO. 444

May 5-8
International Microwave Sympo-
sium (Dallas, Texas). Sponsor:
G-MTT; J. B. Horton, POB 5012,
Texas Instruments Inc., Dallas,
Tex. 75222

CIRCLE NO. 445

INFORMATION RETRIEVAL NUMBER 240 »



Tear-off and file for future reference . . .

MC1595 is the
industry’s first

MULTIPLIER TRANSFER CHARACTERISTIC
T ! sl (] T [ Ll

V. Output Voltage (Volts)
| £ + 2 £a

true Linear, 4-Quadrant Multiplier IC.

Here is the first element in what
promises to be a large family of
monolithic, linear multipliers.
The MC1595 is designed for uses
where the output voltage is a
linear product of two input
voltages; and, as such, its list of
applications is almost limitless,
particularly in the control and
instrumentation fields.

For example, some of the appli-

cations are:

e To Multiply

1 Ao "
e To Divide 104v7£ i s
e To Find M x v
Square Root 2o B e

i
e To Determine ,.x] ",A'LXL.,r o
Mean-Square I

* Frequency
Doubling

—
cos ‘E H = % Keos2ut

The MC1595 can also be used
as a Balanced Modulator/
Demodulator, and for Electronic
Gain Control among many others.
It even has the capability for
determining true rms; plus direct
power calculations.

- where the priceless ingredient i cane!

Here are some of the features
that contribute to the wide versa-
tility of the MC1595:

e Excellent Linearity — 19
max error ‘“X”’ input; 29
error max “Y” input.

¢ Wide Bandwidth — Phase
Error = 3° from DC to 750
kHz.

e Adjustable Scale Factor.

e Large Input Voltage Range
+=10 V.

For more detailed information,
check the specs on the back: |

MOTOROLA

Integrated Circuits



Here’'s detailed data about the first true Linear
Monolithic, Four-Quadrant Multiplier...MC1595

Check the specs . .. to see why it’s destined to be the new major analog building block.

- E— :

A\ MOTOROLA
| Semiconductors
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MC1595L

R FOUR-QUADRANT
MULTIPLIER INTEGRATED
CIRCUIT

‘ ‘ MONOLITHIC SILICON
TITAXIAL PASSIVA
designed for uses where the output voltage is » linear product of T TROLAL 0] AT
two input voltages Typi nlications include: multiply, divide® | 9 |
square root', mean square®. phase detector, frequency doubler o —_— E——t
balenced modulator/demodulator. slectronic gain control r - 3

Advance Information [ o

MONOLITHIC FOUR-QUADRANT MULTIPLIER

sivan i operaiional amplitier

S T——— [l

2% max error on Y-Input |
® Adjustable Scale Factor, K
® Excellent Temperature Sta

i CERAMIC PACKAGE
Voltage Range — +10 Volts CASE 605C
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The MC1595 Multiplier is currently available from distributor stock in
the 14-pin dual in-line ceramic package. For complete specifications and
applications information, circle the reader service number from the preced-

ing page, or write:

~ whene the pricelbss ingredient & cane!

The circuitry shown external to
Motorola products is for illustration
purposes only, and Motorola does
not assume any responsibility for
its use or warrant its performance or
that it is free from patent infringe-
ment.

MOTOROLA
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Motorola Semiconductor Products Inc. / P.O. Box 20912 / Phoenix, Arizona 85036



Coming to the IEEE Show? Come to where
the ideas happen. Booth 2E47-49.

four decade display tube

Now, a new dimension in electronic
display at a low, low price. IEE pre-
sents the Nimo™ four decade display
tube at the unheard of price of $3.50
a decade.

Single plane presentation, variable
brightness, minimum power consump-
tion, temporary data storage, but pri-
marily four bright legible decades.

The new four decade Nimo™ display
tube is only 1.135” in diameter with

The uncommon readout.

<€ INFORMATION RETRIEVAL NUMBER 240

¥8"” high characters in various colored
phosphors.

We’ve reduced space requirements
75%, lowered the cost to compete
with gas discharge tubes, and put the
necessary electronics onto one circuit
board boasting features like:
® 100% digital —no analog yoke con-

trol problem
¢ No character generation required
¢ All inclusive decoding and deflection

¢ No precision power supplies required
¢ Only one non critical adjustment
e MSI components used throughout
No wonder Nimo™ is called The
Uncommon Readout, for IEE has
made the unique commonplace. We’ve
been improving on the readout art for
many years and feel our four decade
Nimo™ display is quite a performer.
So will you...at $3.50 a decade.
P.S. A six decade is on the way.

Industrial Electronic Engineers, Inc.
7720 Lemona Ave., Van Nuys, California 91405

Telephone: (213) 787-0311 « TWX 910-495-1707

®

INFORMATION RETRIEVAL NUMBER 15
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Sprague Series 54774 4Cs ‘ :
Illustration ; The USN-#480 Gated#F ul{SAder

Look. Look ahead with Series 54/74 arrays.

You reduce package count, simplify design, and lower From arithmetic to readout, it makes sense to go
costs when you design-in the complete Sprague line of Sprague, where you get full line, complete specs, com-
Series 54/74 circuits. And make full use of the arrays. petent service, and on-time deliveries.

OUR ARRAY OF ARRAYS

Decade Counter USN-7490 4-Bit Binary Full Adder USN-7483
Divide-By-Twelve USN-7492 g git shift Registe USN-7491
4-Bit Binary Counter  USN-7493 : # : 4

Gated Full Adder USN-7480 BCD Decoder/Driver ~ USN-7441

2-Bit Binary Full Adder USN-7482 Quad Bistable Latch USN-7475

Call Sprague Info-Central (617> 853-5000 extension 5474.

SPRAGUE

Or for your copy of Sprague’s complete Series 54/74
specification data, circle the reader service number below.

THE MARK OF RELIABILITY

INFORMATION RETRIEVAL NUMBER 16
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Multiparameter plots show the potential of IC memory by IBM, one of several shown at
graphical interactive computing. Page 36. solid-state conference. Page 25.

Also in this section:

Wideband rf voltmeter-comparator is developed by NBS. Page 48
The friendly grey computer puts showmanship in design. Page 52

News Scope, Page 21 . . . Washington Report, Page 45 . . . Editorial, Page 79
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hybrid cireuits

from

Burroughs

Burroughs is your preferred source for hybrid circuits

Burroughs, a prime producer of high-volume, high-quality hybrid microcircuits, offers the
entire circuit package and its components at competitive prices. Circuits are now
available in various configurations with screened resistors and capacitors, as well

as discrete components including IC and MSI chips. Burroughs does the whole job,

and does it right—enabling you to reduce system size with increased reliability.

Every circuit is custom-designed and fabricated under the eyes of experts
in complete in-house semiconductor and hybrid operations—assuring
you economy, high reliability, quality control and on-schedule delivery.

Buy your hybrid microcircuits NOW from Burroughs, and discover
what Burroughs’ one-source circuitry capability can do for you.

We also offer hermetic packaging, computer testing, complete
environmental facilities. And we are fully documented to MIL Specs.
Call or write Burroughs Corporation, Electronic Components Division,
P.O. Box 1226, Dept. H1, Plainfield, New Jersey 07061.

Tel. (201) 757-5000, or contact your nearest Burroughs
representative or sales engineer.

1./ Semi-automatic dual latch hybrid test
unit for efficient, high-speed tests.

2./ High-speed resistor abrading process
assures 1% tolerances.

3./ Modern, contamination-free diffusion
operation, atmospherically controlled
for maximum quality assurance.

4./ Multifunctional computerized system
performs all forms of AC & DC tests.

Burroughs

2D39-2D45
20 ooy as IRGE boothy #2032 ELECTRONIC DESIGN 6, March 15, 1969




Defense R&D spurs
protest and antiprotest

For several years there have
been rumblings of dissent at uni-
versities in the country by scien-
tists opposed to heavy involvement
of science in the country’s military
preparedness programs. On March
4 work stoppages and panel dis-
cussions were held by small groups
of protesters at about 20 universi-
ties in the country, with 48 profes-
sors at the Massachusetts Institute
of Technology in Cambridge acting
as the unofficial leaders.

“We didn’t organize anything;
we just wrote our friends around
the country, telling them what we
were going to do, and they all de-
cided to have panels the same day,”
said Dr. Herman Feshbach, a
theoretical physicist and chairman
of the Union for Concerned Scien-
tists at MIT.

Meanwhile a protest against the
protest was held at Argonne Na-
tional Laboratory’s High Energy
Physics Div. in Argonne, Ill. Fifty-
six staff scientists and engineers,
opposed to the union’s aims, re-
sponded with a “work-in.” They
worked 16 hours on March 4.

The MIT protest was kicked off
the evening of March 3 with a
meeting to which faculty members
and students were invited. The
students, Dr. Feshbach said, have
their own organization, the Science
Action Coordinating Committee.
The membership of this student
group, according to an MIT of-
ficial, is limited—80 out of 7000
students.

On March 4 the union held panel
discussions all day and into the
night. The student group held its
own panel discussion in the after-
noon. The union’s topics of dis-
cussion were “Harnessing Science
to Socially Useful Ends,” “Recon-
version and Nonmilitary Re-
search,” ‘“Academic Community
and Government,” “Discussion of
Student Problems,” and “Arms
Control, Disarmament and Nation-

<€ INFORMATION RETRIEVAL NUMBER 17

al Security.” At night the topic
was “Responsibility of Intellec-
tuals.”

The objective of the group, Dr.
Feshbach said, is to look at “the
negative aspects of various
things.” The negative aspects of
the military got the hardest look.
The antiballistic missile system,
Dr. Feshbach said, “could have the
effect not of improving our defense,
but, winding us up with serious
problems in terms of expense and
increasing the arms race.”

The group will examine other
areas where they feel research
should be increased. Dr. Feshbach
suggested that the electronics com-
munity come up with nonmilitary
problems that need to be solved.

The group plans to study the
way money is being spent for de-
fense and decide whether to call
for cutbacks. Dr. Feshbach cites
statements made by Dr. Carl Key-
sen, director of the Institute for
Advanced Studies in Princeton,
N.J. Dr. Keysen said, according to
Dr. Feshbach, that when the war
ends, $20 billion can be channeled
into nonmilitary areas.

New imaging system
turns sound to color
By producing color changes in

temperature-sensitive liquid crys-
tals with ultrasonic energy, two

New image converter (left) turns
ultra-sound to color pictures.

researchers have devised an acous-
tographic imaging color system
with potential uses in nondestruc-
tive testing, oceanography and un-
dersea military applications.

In its present form the image is
essentially a shadowgraph sur-
rounded by a color pattern. Ac-
cording to the researchers—Wil-
liam Sproat associate scientist, and
Sherman E. Cohen, senior quality
control engineer, of the Lockheed-
Georgia Co., Marietta, Ga.—the
images are obtained by interpos-
ing an object under test between a
1-MHz ultrasonic source and a
thermoscopic screen. The latter is
formed by coating the outside of
a thin (0.005 in.) steel plate with
cholesteric crystals and the inside
with a special lossy, sound-absorb-
ent material.

The high losses of the viscoelas-
tic material convert impinging
ultrasonic energy to a temperature
rise. The small increase in tem-
perature is conducted through the
steel plate to the liquid crystal
layer on the opposite side, pro-
ducing a change in color in the
cholesteric layer. :

The experimental system is cur-
rently being operated in an im-
mersion tank filled with water; it
serves as a heat reservoir to main-
tain the image-plate temperature
close to the color transition range.
The thermal bias provided by the
water provides immediate color re-
sponse to slight temperature
changes of the color plate for low-
power inputs.

The image is retained by control-
ling the ambient temperature and
is erased by cooling the crystal
surface. Images can be held up to
10 seconds, Cohen reports.

The system is potentially attrac-
tive for nondestructive testing and
underwater imaging because of its
reduced complexity, compared with
present vacuum-tube, electron-beam
scanning image converters. The de-
vice can supplement high-intensity-
light TV systems for observing ob-
jects at close ranges in sediment-
clouded water.

Radiation-resistant ICs
are a growing market

Radiation-hardened components
have long been required for strate-
gic weapons vulnerable to unex-

21




News
sconeCONTINUED

pected nuclear attack. But now the
list of equipment that the Defense
Dept. believes should remain oper-
able after exposure to radiation
may be growing.

Philco-Ford Corp., which has
just announced it will follow Radi-
ation, Inc., in making available off-
the-shelf radiation-resistant ICs,
says the market for dielectrically
isolated ICs in 1969 is $30 million.
And in six to eight years, says the
company’s Micro-electronic Div.’s
general manager, Howard T. Stel-
ler, this total should increase to $1
billion.

Radiation, Inc., predicts a simi-
lar market.

The Pentagon admits that a pro-
gram does exist for developing
more ‘“hardened components.” But
radiation-resistant components ? No
such program, the Pentagon in-
sists.

Some industry sources have been
waiting for such a directive to be
issued, but others believe the call
for more radiation-resistant com-
ponents will come piecemeal. Cer-
tain new programs will require
components that can survive ex-
posure to strong radiation, some
manufacturers say. How far down
the line this philosophy will go, no
one knows.

Philco-Ford’s first off-the-shelf
radiation-resistant circuits will be
five 930 digital DTL units, a level
shifter and two versions of the 709
operational amplifier.

Radiation’s line also includes a
family of 930 DTLs, a 709 opera-
tional amplifier, a dual level shift-
er and a dual line driver.

At present radiation-hardened
ICs cost about five times more than
conventional ICs. This differential,
though, is expected to be cut
significantly as volume increases.

RCA decides to enter
giant-computer field

Radio Corp. of America has
joined the ranks of large-scale
computer manufacturers with an-
nouncement of a Spectra 70/60
series—‘“a big, new computer de-
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signed to handle the massive in-
formation processing needs of
corporate and governmental data
centers.” )

RCA estimates the domestic mar-
ket for large computers to be $1.8
billion a year, of which it hopes
to get 10 per cent.

The company now has 4-1/2 per
cent of the computer market with
its small computer line. Univac is
estimated to control about 6 per
cent of the market and IBM 70
per cent.

The new Spectra 70/60, three
times larger than the largest com-
puter RCA now manufactures, will
perform local or remote computing
tasks at almost twice the speed of
other computers in its price class,
according to James R. Bradburn,
executive vice president. The
Spectra 70/60 will come in various
sizes with rent beginning at
$17,000 a month. Shipments are to
begin in the second half of 1970.

Burroughs, meanwhile, has an-
nounced a new desk-top billing
computer, designated the L2000.
The company’s president, Ray W.
Macdonald, describes the new sys-
tem as “a revolutionary develop-
ment representing the most funda-
mental design advance in this size
and class of accounting and billing
equipment in the last 60 years.”

The new line uses integrated cir-
cuits, disk memory and a fourth-
generation software technique call-
ed “firmware”—strings of micro-
instructions stored in the disk
memory.

New magnetic material |
promises powerful TWTs

A new magnetic material, said
to be four times as strong as most
alnicos and twice as strong as
platinum cobalt, has been devel-
oped at Raytheon’s Microwave and
Power Tube Div., Waltham, Mass.

The new material, invented by
Dr. Dilip K. Das, is made from
material based on cobalt and the
rare earth element samarium. Sa-
marium cobalt magnets have been
manufactured with energy prod-
ucts as high as 20 x 108 gauss-
oersteds. By comparison, ferrites
produce about 3 million gauss-
oersteds, common alnicos about 5
million and platinum cobalt nearly
10 million, according to Dr. Das.

These comparisons are based on
the -energy product, a figure of
merit for magnetic materials that
takes into account the material’s
residual magnetism, after a strong
magnetizing field is removed, and
its ability to resist subsequent de-
magnetization in a magnetic field
of opposite polarity.

The company says it has already
built traveling-wave tubes with the
new magnets that are smaller and
less costly, and that permit higher
power operation than do TWTs
with platinum-cobalt magnets.

Raytheon says the new magnetic
material may find wide use in
gyros and control motors used in
space applications.

For a given power it is now
possible to make smaller motors,
it was noted.

Gunn device generates
ultrasonic waves

Japanese scientists have report-
ed the first successful generation
of coherent ultrasonic waves from
a Gunn oscillator.

Several American laboratories
have tried to achieve this, but so
far none have reported success.

The successful experiment was
conducted by H. Hayakawa, T.
Ishiguro, N. Mikoshiba and M.
Kikuchi of the Electrotechnical
Laboratory in Tokyo and was re-
ported in the January, 1969, issue
of Applied Physics Letters.

In the test, a small gallium
arsenide Gunn oscillator was bond-
ed to a quartz delay rod. When
voltage, which could be varied from
280 to T00 volts, was passed at
five pulses per second through the
diode, coherent ultrasonic waves at
140 MHz were detected at the end
of the quartz rod.

Although the new source of
ultrasonic waves may be useful in
experimental work, scientists be-
lieve it is not likely at this time
to replace conventional means of
producing coherent sound waves.

The work does, however, confirm
earlier predictions that ultrasonic
radiation can be produced by Gunn
devices. The Japanese scientists
say that more quantitative meas-
urements of the acoustical energy
are needed to confirm theoretical
ideas about these semiconducting
devices.
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Do you think
a bright young engineey
should spend
his most imaginative years on
the same assignment?

Neither do we.

That’s why many of our
areas are organized by func-
tion—rather than by project.

At Hughes, you might
work on spacecraft this year,
communications satellites next
year, tactical missiles the next
year.

All you need is an EE, ME
or Physics degree, 2-8 years
experience, and talent. If you
qualify, you may work on sev-
eral different assignments
over a period of a few years.

You may work on special-
ized assignments, or broad
systems-oriented programs.

Or you can choose not to
change assignments if you'd
rather develop in-depth skills
in one area.

Either way, we think you'll
like the Hughes approach—the
chance to be assigned by func-
tion, if desired.

[t means you'll become
more versatile in a shorter
tirpe; 0t G pemE R s =
(And your | HUGHES
salary will  t-———-cmme - E
show it.) =

r )
| |
1 !
[ |
| |

AEROSPACE DIVISIONS

Some of the current openings at Hughes.

Microwave & Antenna Engineers

Electro-Optical Engineers

Microcircuit Engineers

Space Systems Engineers
Missile Systems Engineers
Guidance & Controls Engineers
Spacecraft Design Engineers

Weapon Systems Engineers
Components & Materials Engineers

Circuit Design, Development &
Product Engineers

ELECTRONIC DESIGN 6, March 15, 1969

Send resume to:

Mr. Robert A. Martin

Head of Employment, Dept. 72,
Hughes Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City, California 90230

U.S. Citizenship is required
An equal opportunity employer
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RCA-CA3040 now opens a new era in monolithic device
design for high-gain, wideband performance. This new
linear integrated circuit offers high input impedance,
emitter-follower output, and exceptional stability over
the full —=55°C to +125°C operating temperature range.
Check these significant CA3040 performance highlights:

» 37 dB typ. differential push-pull voltage gain
» 31 dB typ. single-ended voltage gain
« 55 MHz typ.—3 dB bandwidth
55 M Hz « useful gain to 200 MHz
= s » two bias options for temperature compensation
v A constant DC output voltage
I eo m p I Ie r constant differential voltage gain
* 150 ko typ. input resistance .
* 0.5 Vaus typ. output swing voltage

Look into CA3040 now for performance and economy in
video amplifiers, Schmitt triggers, modulators, IF
amplifiers, high-speed sense amplifiers, product
detectors, and instrumentation amplifiers.

For details, contact your local RCA Representative or
your RCA Distributor. For technical data, write RCA
Electronic Components, Commercial Engineering,
Section ICG-3-2, Harrison, N.J. 07029

...and Check These RCA Wideband Amplifiers

CA3001 For video, IF, and DC
29 MHz typ. —3 dB BW $3.35 (1,000 units)
CA3002 IF and video ampl
11 MHz typ. —3 dB BW $2.25 (1,000 units)
CA3021 4 mW power drain @ 6 V
2.4 MHz typ. —3 dB BW $1.90 (1,000 units)
CA3022 12.5 mW power drain @ 6 V
7.5 MHz typ. —3 dB BW $1.60 (1,000 units)
CA3023 35 mW power drain @ 6 V
16 MHz typ. —3 dB BW $1.55 (1,000 units)
CA3020 /2-watt “Universal” ampl
8 MHz typ. —3 dB BW $1.55 (1,000 units)
CA3020A 1-watt “Universal” ampl
“c" 8 MHz typ. —3 dB BW $1.98 (1,000 units)
Integrated RCA-CA3040 in 12-lead TO-5 style package
Circuits 9 $2.95 (1000 units)
N N\ TN 77N
¥ 132 k0 45 k0 132 k0

o
S
X/
KIKEO
I

48 k0

48 k() .
1400 i 8100 i
®
® @ ® @
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NEWS/SOLID-STATE CONFERENCE

IC applications abound at solid-state show

Semiconductor memories, high-speed op amps
and solid-state power devices draw attention

Ralph Dobriner
Chief News Editor

The word at this year’s Inter-
national Solid-State Circuits Con-
ference, held in Philadelphia, was
diversity. More than 180 papers
and 12 panel sessions zeroed in on
such wide-ranging semiconductor
topics as current-input differential
amplifiers, IMPATT diode oscilla-
tors, IC monolithic displays and
ultra-high-speed digital techniques.

Three areas appeared to fore-

shadow important design trends:
integrated-circuit memories, mono-
lithic operational amplifiers and
solid-state power control.

In memories, the trend is to
faster cycle times—of less than 100
ns—more storage cells per chip
through LSI, and lower power con-
sumption.

In op amps, the search is for
high operating speeds—10 times
faster than the familiar uA709
operational amplifier.

In solid-state power control, the
drive is for clever IC circuit con-
figurations. The advantages cited
include an integrated circuit with
a Hall element for power control,
an integrated trigger circuit for
phase control of Triacs or SCRs,
and a pressure-sensitive diode with
large resistance variations under
applied stress.

A complete ISSCC 69 digest of
the technical papers is available at
$15 from H. G. Sparks, Moore
School of Electrical Engineering,
Univ. of Pennsylvania, Philadel-
phia, 19104.

In IC memories, the trend is to quicker cycle times

Of the MOS-IC memories devel-
oped to date, most operate at rela-
tively low speeds. It has been diffi-
cult to fabricate an LSI MOS
memory that operates below 100-
ns cycle times.

H. Yamamoto, M. Shiraishi, and
T. Kurosawa of Nippon Electric
Ltd., Tokyo, reported that they
have developed a 144-bit (16-word
X 9 bits) memory with a 40-ns
write cycle time and a 30-ns read-
cycle time. They used n-channel
MOS transistors.

The authors observed that an
MOS memory using n-channel MOS
transistors operates at a higher
speed, due to higher effective mo-

bility, than an MOS memory using-

p-channel or complementary MOS
transistors with lower effective mo-
bility.

To achieve the high memory
speed, the n-channel enhancement
MOS transistors were deposited on
a normally doped substrate. On a
highly doped substrate (2 x 101
cm-), high speed would be impos-
sible because of the increase of the
effect of source-substrate bias on
threshold voltage and the increase
of the junction capacitance.

The authors noted that an n-
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channel MOS-IC of this type can be
operated at a speed that is about
three times higher than that of a
p-channel MOS IC. In fact, they
observed, because of its high effec-
tive mobility, the minimum cell
area of the n-MOS-IC memory is
about half that of the p-MOS-IC

memory when the same output cur-
rent with the same address voltage
is required.

The entire chip of the 144-bit
memory is assembled in a 48-lead
flat package. With the use of bi-
polar peripheral circuitry, each
wafer operates with a 3-mA digit

144-bit LSI memory chip, constructed by Nippon Electric Co., has a 30-ns
read-cycle time and a 40-ns write cycle time.
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output current, 15-ns digit write
pulse width, and a 10-ns access
time.

IBM shows 40-ns IC memory

A high-speed, three-dimensional
semiconductor memory made of bi-
polar monolithic integrated circuits
was described by four IBM engi-
neers: Dr. Benjamin Agusta, John
K. Ayling, Richard D. Moore and
George K. Tu.

The memory is designed to be
used both as the main buffer and
as a write-in control store in the
company’s System/360 Model 85.

The memory is air-cooled, and in-
formation can be nondestructively
read out of a silicon chip in 7 ns.
The writing or entering of infor-
mation takes 12 ns.

Access time to the complete buf-
fer memory, which can store up to
147,456 data bits, is 40 ns—a
speed that is said to be faster than
any previous IBM computer mem-
ory. The memory is structured into
2048 words of 72 bits each.

Developed at IBM’s Components
Div., Burlington, Vt., the memory
storage circuits are diffused into
the surface of a single silicon chip

measuring 112 mils square. Each
memory chip contains 664 compo-
nents, consisting of transistors,
diodes and resistors. The chip pro-
vides 64 interconnected memory
storage cells. Each memory chip
operates at 112 mW and provides
a ONE signal level of 2 mA into a
20-ohm load.

Functionally, two silicon chips
are mounted on a half-inch-square
ceramic memory module to provide
the basic building block.

Seventy-two storage modules, to-
gether with drive and sense circuit
modules, are packaged on a 7-by-9-
inch multilayered pluggable card
with a capacity of 512 memory
words of 18 bits each. A larger
multilayered printed-circuit board,
containing 16 storage and four
logic and terminating cards, makes
up the basic storage unit. Two
storage units form the complete
buffer memory with one-quarter
megabit capability.

A key factor in achieving per-
formance objectives, the authors
said, is the use of a single distri-
bution approach employing termi-
nating resistors. The resistors close-
ly match the loaded characteristic
impedance of each line that exceeds
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The drive system in IBM’'s high-density monolithic memory makes use of
specially designed current-switch-emitter-follower circuits that provide well-
controlled output-signal levels. Low-order address bits are decoded at the

inputs of these circuits.
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two inches in length on the printed-
circuit card. Maximum bandwidth
is maintained, and careful wiring
layout insures that required sig-
nals arrive at any point in the
memory within 3 ns of each other,
thus permitting the rapid cycle
time to be achieved.

The monolithic silicon devices
have an npn planar, double-diffused
structure with p* junction isola-
tion and 0.2-mil task tolerances. A
single-level aluminum interconnec-
tion plane is subsequently passi-
vated with a film of sputtered
quartz. The 23-chip contact pads
are formed by metal evaporation.

Schottky diodes in a memory

Schottky diodes may be the key
to faster low-power integrated-
circuit memories and other logic
circuits in small economical pack-
ages.

This is the view of five Bell Tele-
phone Laboratories engineers, D.
A. Hodges, M. P. Lepselter, R. W.
MacDonald, A. U. MacRae and H.
A. Waggener, who reported in a
technical paper that they are suc-
cessfully using two types of Schott-
ky diodes in IC memories.

One type replaces diffused load-
ing resistors in flip-flop memory
cells of bipolar transistors. The
second links the cells to the digit
lines of the memory. This combina-
tion, the authors noted, reduces the
cost amnd increases the circuit

switching speed.
Reverse-biased Schottky diodes,
which have low-energy barriers and

Two identical 64-bit, 3D-organized
monolithic memory chips, made by
IBM, are mounted, pads down, in a
standard module.
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operate as loading resistors, are
much smaller than conventional dif-
fused resistors, resulting in more
circuits on a chip and hence lower
cost per circuit.

Schottky diodes with high-energy
barriers, which connect memory
cells with pairs of digit lines, per-
mit very fast switching.

In a typical low-power memory
cell requiring resistances on the
order of 50,000 ohms, a Schottky
diode needs only 2 per cent of the
area of its conventional diffused-
resistor counterpart.

50 ns cycle times achieved

The engineers believe that, with
the low capacitances and low leak-
age currents in these diodes, it is
possible to achieve memory cycle
times of 50 ns for arrays of sev-
eral thousand cells. The power re-
quired to hold stored information

in such a memory would be about
75 microwatts per bit, a low figure
and reportedly not easy to achieve
with conventional bipolar transistor
integrated circuits. %

The low- and high-energy barrier
diodes are formed on lightly doped
p- and n-type silicon, respectively.
Ion implantation and diffusion
processes can be used to control
the doping of the silicon.

According to the Bell engineers,
the Schottky diodes are created in
an operation that also forms the
ohmic contacts on heavily doped
areas and that is part of the beam-
lead IC fabrication sequence. The
only variation from the standard
beam-lead process is the substitu-
tion of rhodium for platinum as the
first metal deposited. Otherwise, it
is compatible with beam-lead tech-
nology.

Associative memories are going

to play an increasingly important
role in computing and data-hand-
ling systems. What is needed is a
practical associative memory ele-
ment—one containing most of the
repetitive logic needed to imple-
ment a large system.

A step in this direction was re-
ported by R. F. Herlein and A. V.
Thompson of American Micro-
Systems, Inc., Santa Clara, Calif.
They described an 8-word-by-8-bit,
parallel-organized LSI array de-
signed to operate at 1 MHz. The
memory contains 1799 p-MOS tran-
sistors on a 156-by-144-mil die and
is contained in a 40-lead dual in-
line package.

The memory system operates in
three basic functional modes: read,
write and compare. More complex
functions, such as sorting, must be
accomplished by iterative algo-
rithms.

Researchers pressing for faster operational amplifiers

Monolithic operational amplifiers
now perform as well as—and in
some cases even better than—dis-
crete units. There really is only
one major area where a dramatic
improvement in performance is
needed: higher operating speeds.

That’s what Robert Widlar, chief

IC designer for National Semicon-
ductor Corp., says. The input cur-
rent specifications of discrete am-
plifiers are so good, he reported in
a technical paper, that even FET
amplifiers can be replaced with
low-cost monolithic circuits in full-
temperature-range applications. But
present general-purpose amplifiers
have rates of only 0.5 V/us and
bandwidths of 1 MHz, he noted,
and many applications require a
tenfold improvement in perform-
ance.

Widlar described several new ap-
proaches for the design of mono-
lithic amplifiers. One uses cascode
connection and bootstrapping cir-
cuitry to achieve very low input
current—of less than 100 pA over
the military temperature range.
This, he notes, is more than 10
times better than the LMI101A,
which is pretty close to the limits
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of what can be done with conven-
tional transistors.

The operational amplifier he de-
scribed uses both standard transis-
tors and low-voltage, high-gain
devices. The differential input
stage is operated at zero collector-
base voltage through use of a boot-
strapped cascode connection for the
high-gain input transistors. With
this type of connection and circuit-
ry, Widlar said, it is possible to
take advantage of the best features
of both transistor types, forming

Self-compensated monolithic opera-
tional amplifier, developed by Mo-

torola Semiconductor, is contained
on a 56-mil-by-63-mil wafer.

the equivalent of a high-gain, high-
voltage transistor pair.

Widlar also described the circuit
for a high-speed operational am-
plifier that, with further develop-
ment, could have a bandwidth of 50
MHz and a 50 V/us slew rate at
unity gain. He noted that the ma-
jor problem in trying for better
frequency response from monolithic
amplifiers has been the poor fre-
quency characteristics of the lateral
pnp, which is used for level shift-
ing. The poor response in level
shifting above 2 to 5 MHz puts a
practical limit on slew rates of
about 5 V/us for unit-gain compen-
sation. High-speed amplifiers will
probably have to avoid using the
lateral pnp as a gain stage, Wid-
lar remarked.

The high-speed monolithic ampli-
fier he described uses only npn
transistors as amplifiers. A stand-
ard, differential input stage is em-
ployed, and its output is buffered
by a pair of emitter followers. A
pair of resistors and a current in-
verter provides the level shifting.
The second-stage amplifier drives
a complementary emitter follower
output stage.

ELECTRONIC DESIGN 6, March 15, 1969



Because the circuit can be made
to look like a two-stage amplifier,
it is relatively easy to frequency-
compensate, making possible the
high bandwidth and slew rate.

Another way to higher speed

In further pursuit of high-speed
performance—or high slew rate—
Fairchild Semiconductor engineers
are taking a somewhat different
tack.

As E. S. Narayanamurthi ob-
serves in his technical paper, since
the slew rate and frequency re-
sponse are related, a monolithic
operational amplifier with improv-
ed frequency performance should
lead to a high slew rate.

The frequency response of mono-
lithic amplifiers, he said, may be
limited to such factors as the input
capacitance, the f;s of the con-
stituent transistors and problems
created in the level shifting stage
by the nonavailability of lateral
pnps with good frequency char-
acteristics. Even if an amplifier is
designed with high gain and good
frequency performance, the need
for compensation capacitors for

closed-loop operation limits the
available slew rate, according to
Narayanamurthi.

The Fairchild engineer described
a new monolithic amplifier in
which some of the problems have
been overcome without sacrificing
de performance. The closed-loop
unity-gain bandwidth is 15 MHz
with a voltage gain near 20,000—
a performance that, he says, is
much better than the celebrated
HAT09.

While the necessary gain of an
amplifier can be achieved with two
stages, the need for compensation
in the input stage for closed-loop
performance restricts the attain-
able slew rate, which at a node is
approximately:

S— A5 1/C,
where I is the dc current, C the
capacitance and A, the voltage
gain following the node. This sug-
gests, the author noted, that a
third gain stage beyond the points
where compensation is applied
would help to achieve a larger
slew rate.

The amplifier has three stages,
with an associated level shifting
circuit. The input stage consists of
a differential cascode with Dar-

ELECTRONIC DESIGN 6, March 15, 1969

Why do engineers
hate inductors?

Well, primarily because inductors
stubbornly resist integration. Nytronics
started taming them about 30 years ago,
and our R&D boys have been concen-
trating on improving their quality and
performance ever since. Today we think
our line of inductors is the most nearly
perfect it is possible to make.

WEE-DUCTOR — Magnetically shielded with
inductance range 0.1 to 180,000uH, designed
to MIL-C-15305, Grade 1, Class B. Encapsul-
ated Envelope: 0.157” diameter x .450” length.

SUPER WEE-DUCTOR/90537 TYPE — Manufac-
tured in accordance with MS90537, Molded
Magnetically shielded with inductance range
0.1 to 100,000uH +10% tolerance. Molded
Envelope: 0.163” diameter x 0.410” length.

SUPER WEE-WEE-DUCTOR — Miniature shielded
with inductance range 0.1uH to 10,000uH.
Designed to MIL-C-15305, Grade 1, Class B.
Epoxy-Molded Envelope: 0.125” diameter x
0.335” length,

DECI-DUCTOR— Subminiature with inductance
range 0.1 to 1000uH. Designed to MIL-C-
15305, Grade 1, Class B. Molded Envelope:
0.100” diameter x 0.250” length.

S-M-L INDUCTORS — Non-shielded with in-
ductance range 0.1 to 10,000uH. Designed to
MIL-C-15305, Grade 1, Class B. Molded Enve-
lope: “S"” Type — 0.188” diameter x 0.44”
length, “M” Type — 0.25” diameter x 0.60”
length, “L” Type — 0.31” diameter x 0.90”
length.

VARIABLE INDUCTOR — Unshielded with ad-
justable range 0.1 to 4700uH. Designed to
meet MIL-C-15305, Grade 1, Class B. Encap-
sulated Envelope: 0.400” diameter x 0.500”
length. Vertical or Horizontal mounting.

WEE V-L — Magnetically shielded adjustable
range 0.1 to 100,000uH. Designed to MIL-C-
15305, Grade 1, Class B. Epoxy Molded 0.300”
diameter x 0.400” length.

WEE CHIP-INDUCTOR — Magnetically shielded,
wrap-around termination permitting contact
to either face or ends. Designed to meet
MIL-C-15305, Grade 2, Class B. .280” x .195”
x .100”. Presently available .15uH to 1000uH.

8 Send for our new
44-page catalog
with the quality
line of
standard
components.

NYTRONICS,INC.
The qualiy line 8f dtandand components

550 Springfield Ave., Berkeley Heights, N.J. 07922 g (201) 464-9300 §y TWX: 710-984-7977
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lington inputs. The cascode ar-
rangement, while reducing the in-
put capacitance, helps to increase
the bandwidth. Emitter degenera-
tion is provided to improve the
stability, and common-mode feed-
back from the second stage is em-
ployed to achieve high common-
mode rejection. Compensation is
applied at collectors of the cascode,
with external capacitors so chosen
that the slew rate is not impaired.

The second stage is a simple
differential stage, with compensa-
tion again being applied at the col-
lectors. Emitter degeneration is
again provided for greater stabil-
ity. Level shifting to the output
stage is accomplished by a current
source-resistor combination. To im-
prove the frequency response, an
internal capacitor is added across
the resistor. For good frequency
performance, the stage immediately
following the current source tran-
sistor has a high resistance and
small capacitance. This is achieved
by using an emitter follower after
the current source.

Output stage gain is obtained
with a common-emitter configura-
tion, and output is provided by a
complementary pair operated in
Class AB. A vertical pnp has been
chosen rather than an all-npn
scheme because of its comparative
stability, even though its perform-
ance is only adequate.

Narayanamurthi noted that a
unique feature of the amplifier is
an internal capacitor. The construc-
tion of the capacitor is important,

he said, in that the effect of the
parasitic capacitance to the sub-
strate must be minimized along
with the leakage at the junction.
This is done by placing the top
(metal) plate at the lower end of
the level shifting resistor and the
junction plate at the upper end of
the resistor. In this way the leak-
age from the junction plate flows
harmlessly through the emitter fol-
lower, and the voltage across the
junction is at maximum, so that
the capacitance is low and changes
with signal level are small.

A rival to junction FET inputs

A self-compensated monolithic
operational amplifier with low in-
put current and high slew rate was
described in a paper by J. E. Solo-
mon, W. R. Davis and P. L. Lee of
Motorola Semiconductor Product
Div., Phoenix, Ariz.

The performance of the ampli-
fier, according to the authors,
rivals that of all junction-FET in-
put configurations in almost all re-
spects. Input current and current
drift are about the same for both
types of amplifier, but voltage off-
set and drift are considerably bet-
ter in the Motorola operational
amplifier.

Input current has been reduced
by means of a special circuit con-
figuration designed to operate
with high-beta (several thousand),
low-voltage transistors. These are
fabricated simultaneously with
standard transistors through the

Integrated circuits invade the power field

Integrated circuits are being fab-
ricated that may someday find
wide use in such power applica-
tions as speed-control circuitry for
induction motors, pressure sensors,
solid-state switches and tempera-
ture-control circuits for fans and
blowers.

A Hall silicon element, construct-
ed with epitaxial integrated-circuit
techniques, has been used with an
integrated amplifier as a switching
circuit in a dec motor. It replaces
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the mechanical brushes. The Hall
device, which was described by G.
Bosch of Philips Research Labora-
tories, Eindhoven, The Nether-
lands, senses the position of the
permanent magnetic rotor, and
the amplified Hall voltage controls
the current of the motor coils.

The element consists of part of
the n-epitaxial layer, confined by
the p* that forms an island. The
sensitivity is given by

Vi =~ 0.4 uBV,, = 0.8Bi,,/ned.

use of modified diffusions to pro-
duce both narrow and wide base-
widths on the same wafer. At the
same time slew rates have been
improved by reducing the rate of
first-stage transconductance-
to-operating current.

For most well-designed ampli-
fiers, this approach is the only cir-
cuit modification (other than for-
ward feed) to improve the speed of
operation, the authors said.

The basic amplifier configura-
tion is essentally that of two cas-
caded voltage-gain stages. The cir-
cuit exhibits a typical input current
of 2 nA and an input offset current
and current drift of 0.3 nA and
2 pA/°C, respectively. The unity
gain slew rate is 4 V/us, and the
open-loop voltage gain is 150,000.
The input transistors operate with
betas of 4000, while the effective
first-stage operating current is 50
MA and the input transconductance
is 1/2.5 k0.

Other characteristics of the am-
plifier are internal capacitive com-
pensation, input overvoltage and
output short-circuit protection. All
the circuitry, including the 35 pF
MOS compensation capacitor, is
contained on a 56-by-63-mil wafer,
as shown in p. 28. The large white
area is the capacitor.

A second version of the amplifier
has been built, the authors report-
ed,with unity-gain slew rates of 30
V/us, simultaneously with an input
offset current of 40 nA, an open-
loop gain of 50,000 and a small-
signal bandwidth of 2.5 MHz.

Here V,, is the Hall voltage;
V., and ¢,, are the load voltage
and current, respectively; B the
magnetic field; » the density of
free electrons (with charge e), and
d the thickness of the epilayer.

For example, if 7,, = 2 mA,
B=5000 gauss, n—10'%cm-3, d=10
microns, v,,—=50 mV, while v,,~
2 V.

To avoid starting problems, two
Hall elements are placed on differ-
ent chips at 90-degree positions in
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NEW OPERATIONAL AMPLIFIERS
e Two new, fully compensated, hybrid IC op amps in
DIP packages.
e New low quiescent drain (60 pA) op amp with wide
supply range (+4 to =18
NEW INSTRUMENTATION AMPLIFIERS
e New 115 volt common mode, wide supply range
(=50 to =135V) unit in 2.40” x 1.80" x .60" en-
capsulated package.
e New low quiescent drain unit with wide supply range
(£5 to =20 V).
e Plus a complete line of small, encapsulated instru-
mentation amplifiers.
NEW FUNCTION MODULES
e Two new low price, 1.2 MHz multipliers. Only $75
and $95 in single unit quantity.
e Plus a wide variety of unique hybrid and analog func-
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istics with any cut-off frequency in the 1 Hz to 20
KHz range. Wider frequencies available in custom
units.

NEW LOWER PRICES
e On _ operational amplifiers, instrumentation ampli-
fiers, sample/hold modules, multipliers, and other
units.

Make sure you get your copy

Simply check this publication’s reader-service card, con-
tact your local Burr-Brown Engineering Representative,
or see us at IEEE BOOTH #3826-27.

Operational Amplifiers
Instrumentation Amplifiers
Function Modules

Active Filters

Power Supplies

TELEPHONE: 602-294-1431 » TWX: 910-952-1111 « CABLE: BBRCORP

ELECTRONIC DESIGN 6, March 15,

ENGINEERING REPRESENTATIVES: ALABAMA, HUNTSVILLE (205) 534-1648 / ARIZONA, PHOENIX
(602) 254-6085 / CALIF., LOS ANGELES (213) 665-5181, SAN DIEGO (714) 232-2017, SAN FRAN-
CISCO (408) 244-1505 / COLO., DENVER (303) 399-4391 / CONN., EAST HARTFORD (203) 874-9222
/ D.C., WASHINGTON (SEE MARYLAND) / FLORIDA, ORLANDO (305) 425-2764 / ILLINOIS,
CHICAGO (312) 286-6824 / MD., SILVER SPRING (301) 588-8134 / MASS., BOSTON (617)
245-4870 / MICH., DETROIT (313) 358-3333 / MINN., MINNEAPOLIS (612) 781-1611 / MO.,
ST. LOUIS (314) 524-4800 / N.C., GREENSBORO (919) 273-1918 / N.J., CAMDEN (215) 925-8711
/ N.M., ALBUQUERQUE (505) 255-1638 / N.Y., ALBANY (518) 489-4777, BINGHAMTON (607)

723-9661, MT. VERNON (914) 664-0080, NEWBURGH (914) 561-4510, NEW HARTFORD (315)
732-3775, ROCHESTER (716) 473-2115 / OHIO0, CINCINNATI (513) 761-5432, CLEVELAND (216)
237-9145, DAYTON (513) 277-8911 / PENN., PHILADELPHIA (SEE CAMDEN, N.).), PITTSBURGH
(412) 243-6655 / TEXAS, DALLAS (214) 357-6451, HOUSTON (713) 774-2568 / UTAH, SALT
LAKE CITY (801) 466-8709 / VIRGINIA, (SEE MARYLAND) / WASH., SEATTLE (206) 767-4260
/ WISC., WAUKESHA (414) 786-2180 / CANADA, DOWNSVIEW, ONT. (416) 636-4910, MONTREAL,
QUE. (514) 739-6776, NEW WESTMINSTER, B.C. (604) 524-1161, OTTAWA, ONT. (613) 725-1288,
VANCOUVER, B.C. (604) 291-7161

INFORMATION RETRIEVAL NUMBER 22

1969

31



NEWS/SOLID-STATE CONFERENCE

CURRENT(mA)

Sg — 2

109

20g
Large changes of current occur when

stress is applied to the pressure-
sensitive diode.

the motor. One integrated switch-
in circuit with a Hall element is
shown on page 32, middle.

Diode works well under stress

A pressure-sensitive semiconduc-
tor diode that exhibits unusually
large variations in electrical resist-
ance when mechanical stress is
applied was described by A. Yama-
shita, M. Tanaka and T. Tsuzaki of
Matsushita Electric Industrial Co.,
Osaka, Japan.

The authors foresaw wide use of
the diode as a solid-state switch,
solid-state relay, solid-state vari-
able resistor and as a pressure
sensor. Use of the pressure-sensi-
tive diode as a switch and as a vari-
able resistor, they predict, may
make it possible to construct a
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Integrated circuit with a Hall element is used as a switching circuit in a dc
motor. It's fabricated by Philips Research Laboratories.
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PHASE CONTROL INTEGRATED CIRCUIT

High-gain integrated trigger-circuit, developed by General Electric, is designed
for proportional power control applications.

32

solid-state thyristor system.

The high sensitivity of the diode
to stress was achieved by adding
deep-level impurities. The deep
impurity (copper), highly doped
region was formed on the surface
of a p-type silicon single crystal.
Surface barrier contact was
achieved with a niobium metal
electrode.

The large changes of current in
the forward and reverse directions
when stress is applied are shown
in the Fig. on page 32, top. These
curves were obtained for a diode
made on 6 X 10 boron-impuri-
ties/ecm?® and 1000 degree copper-
diffused semiconductor.

The authors also reported that
the diode responds to ultrasonic
waves. The temperature coefficient
of current without stress is similar
to that of a normal silicon Schottky
diode. With stress, the temperature

coefficient decreases.

The life of the device is obviously
determined by the maximum stress
applied. At about 2 X 10 g/cm?,
the life is reported to be 100 mil-
lion operations.

IC controls triacs, SCRs

A high-gain integrated trigger
circuit for phase control of triacs
or silicon-controlled rectifiers was
described by two General Electric
engineers, E. K. Howell and J. R.
Mullaly.

The monolithic IC circuit has
multiple uses: to control the speed
of induction motors from a ther-
mistor input signal; to control the
temperature of fans and blowers,
or as a dec tachometer signal input,
for feedback speed regulation.

The circuit features adjustable
gain, zener-regulated supply volt-
age, alternating trigger pulses and
inductive load logic.

As shown on page 32, bottom,
the input signal establishes a ped-
estal level, to which is added a
ramp that is externally adjustable.
The resulting waveform is com-
pared with a reference wave by the
comparator, which produces an out-
put signal when the ramp crosses
the reference level. The lockout
gate blocks this signal from the
trigger pulse generator until a
blocking voltage appears across the
triac. mm

INFORMATION RETRIEVAL NUMBER 300 THRU 306 »



component and
circuit Design

MICROWAVES

Beamlead diodes improve
halanced mixer.

State-of-the-art construction boosts ruggedness
and reliability of X-band device.

A unique microstrip circuit design and a pair of matched beamlead
Schottky diodes combine to make our new SYM-8401 series of X-band
balanced mixers a significant improvement in broadband design.

The ceramic substrate microstrip circuit provides low signal path loss,
high isolation and broad bandwidth. The matched pair of beamlead
Schottky barrier diodes is permanently welded to the microstrip circuit.
This construction assures a degree of ruggedness and reliability not
obtainable with conventional assembly techniques.

The SYM-8401 operates in a frequency range from 8 to 12 GHz. Single
sideband noise figure is 9 dB max. from 8.5 to 11.5 GHz and 10 dB max.
from 8 to 12 GHz. A typical noise figure plot is shown in Fig. 1. These
measurements include 1.5 dB noise figure of the IF amplifier.

Typical VSWR is shown in Fig. 2. Average VSWR is 2.0:1 at both signal and
local oscillator ports. The IF impedance at each IF port is typically 100 ohms. b4l
This impedance is shown over the operating frequency range in Fig. 3. Permissible ¥
RF input power at signal or local oscillator ports is 400 mW max.

This series of mixers is packaged in a sealed miniature housing with OSM-type .
connectors at signal, local oscillator and balanced IF ports. CIRCLE NUMBER 300 3‘::’5‘.,’5:"?.’52‘&8&333‘ ;'L?."s‘frﬁil?é‘ried it
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EL DISPLAYS

you've got more choices
when you use EL.

Electroluminescent displays come in a wide
variety of shapes and sizes. At least one
should fit your application.

Typical electroluminescent readouts

Type Number Total Total Overall

No. of Power Current Length
Digits (mW) (mA) (inches)

7 Segment Numeric

34 Inch

NU31A 1 8.8 0.088 0.595

NU35A 5 44.0 0.440 1.990

NU38 8 70.4 0.704 3.700

14 Inch

NU51S 1 10.0 0.10 0.685

NU54S 4 40.0 0.40 2.950

NU56S 6 60.0 0.60 4.000

2 Inch

NU201S 1 90.0 0.90 2.295

NU203S 3 270.0 2.70 7375

NU206S 6 540.0 5.40 13.685

3 Inch

NU301S 1 350.0 3.50 3.280

NU303S 3 1050.0 10.50 10.710

NU305S 5 1750.0 17.50 17.010

6 Inch

NU601S 1 720.0 7.2 6.092

12 Inch

NU1201A 1 2000.0 20.0 15.000

9 Segment Numeric

14 Inch

NU5S1T 1 13. 0.13 0.685

NU73T 3 39.0 0.39 2.435

NU76T 6 78. 0.78 4.000

34 Inch

NU71T 1 26.0 0.26 0.935

NU73T 3 78.0 0.78 3.248

NU76T 6 156.0 1.56 5.608

1-15 Inch

NU151T 1 67.0 0.67 1.720

NU153T 3 226.0 2.26 5.748

NU156T 6 427.0 4.27 10.468

14 Segment Alphanumeric

34 Inch

AN71R 1 17.0 0.17 0.935

1 Inch

AN101R 1 47.0 0.47 1.218

2 Inch

AN201R 1 135.0 1.35 2.295

5 Inch

AN501R 1 750.0 7.50 5.155

Digital clock display panel shows six digits and two colons.

We have the broadest line of EL display devices available
anywhere. Numeric displays are off-the-shelf items in sizes
from 33” up to 12”. Alphanumeric readouts start at 14”
and go up to 12”. Depending on the size you pick, we can put
up to 12 characters on a single panel.

For example, we have a display especially designed for
desktop calculators that shows twelve l4-inch characters
on a 7%” by 1%"” panel. Or, for another application, we
have a panel of three 5-inch numerals. This panel is now in
use to show flight numbers at the baggage pickup center
at Chicago’s O’Hare airport.

A third design that illustrates the versatility of EL dis-
plays is shown in the photograph. This is a readout for a
digital clock incorporating six digits and two colons on a
234” by 1” panel.

In addition to the wide range of display arrangements
that are available, you get many other advantages when
you use EL readouts. For example, EL readouts are inher-
ently free from catastrophic failure. Light output gradually
decreases, over the life of the device. Use of operational
duty cycles increases, rather than decreases, the life of EL
devices. This is in rather marked contrast to vacuum or gas
type displays where on-off cycling decreases brilliance and
increases the chances of sudden failure.

EL devices are also cool running. There are no heat dissi-
pation problems. In addition, the spectral output of EL
devices closely matches the response curve of the human
eye. And they can be turned on and off faster than the
human eye can respond.

If the wide range of devices available in our line doesn’t
meet your exact needs, don’t worry about it. EL offers al-
most unlimited design flexibility. Within practical limits of
size and complexity, any symbol configuration can be
formed that can be produced by graphic arts techniques. In
short, if we don’t have it, we can turn them out in quantity

in a short time. CIRCLE NUMBER 301
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Basic construction of EL readout panel.
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CRT MODULES

Let our engineers desion

your GRT display package.

We'll save you time and money, and you'll
end up with a better system.

Our CRT engineering staff is offering a new service that
can give you the best in display systems at minimum cost.
We’ll build a complete CRT display package, designed to fit
your system.

Too often, the design engineer has to make do with the
cathode ray tubes available on the market and force them
to fit his system requirements. Sylvania has changed all
that.

Because we are experts in CRT devices, we can pick the
best tube for your system. Because we’re experts in inter-
facing CRT systems, we can give you the best drive circuits
to meet your system requirements.

In short, you get the optimum display system for your
needs. You get it fast, and in most cases you get it at a
lower cost than if you did your own design work.

Sylvania offers integrated display modules in three sepa-
rate design approaches (see sketches). We can give you a
tube system with a separate electronics black box for in-
stallation in your own equipment. Or, the module can be
supplied as a rack-and-panel assembly. The third form of
display module is the complete assembly mounted in a free-
standing cabinet. Of course, all types of modifications can
be made on these three basic structural designs.

By making Sylvania responsible for both the selection of
the CRT and the drive circuitry, you can be sure that the
best choice of tube and circuitry will result. Immediate cir-
cuitry, such as the anode power supply, bias supply, video
amplifier and drive circuits will all be optimized to both the
CRT and the associated system.

Typical CRT display package
designed and built by Sylvania engineers.

Pricing on our integrated CRT modules is based on a
one-time engineering charge and a per-piece price quota-
tion. Why not talk to us about CRT display problems. We’ll
give you a fast solution.

CIRCLE NUMBER 302

Three basic CRT module configurations are; tube with black box, rack-and-panel assembly and complete

CRT module package.




INTEGRATED CIRCUITS

New line/lamp driver cuts
refiections on long lines.
High power output permits termination of

long lines to eliminate problems caused by
mismatching.

Sylvania’s new SG-350 quad 2-input line/lamp driver gives
you enough power output to drive a terminated line. This
means you can eliminate reflections that cause spurious out-
puts and lower noise immunity. The major difference be-
tween the SG-350 (Fig. 1) and other drive circuits such as
the SG-140 and SG-220 is that the standard SUHL active
pullup network has been removed and the physical size of
the output transistor has been increased.

Elimination of the pullup network means that the outputs
of the SG-350 can be connected together to perform the
wired-OR function. The larger geometry of the output
transistor allows higher sink currents so that the circuit

can drive incandescent lamps, bus and terminated long
lines, directly.

The “1” level at the output of the device is determined
by an external resistor connected to a suitable power supply.
For long-line driving applications, the value of this resistor
is the same as the characteristic impedance of the line.
Turn-off delay time is a function of the RC time constant
of the pullup resistor and load capacitance plus the storage
time of the device.

The big advantages of having the capability to drive long
terminated lines are graphically illustrated in a series of
waveform photographs taken using the test setup shown
in Fig. 2.

Figure 3a shows system response when the test line is an
unterminated twisted pair 20 feet long. (Letters refer to
test points on Fig. 2.) Note that the transmitter input
pulse is the same width as the delay of the line. When a
pulse is transmitted down the line the returning reflections
arrive at the transmitter when the output is off (high im-
pedance). This causes the line to ring, particularly at the
receiving end. Because of the high voltage excursions on
the receiving end, we get spurious pulses at the receiver
output. For each transmitted pulse there are five receiver
output pulses. The spurious output pulses will continue
until the line capacitance charges to the threshold level. If
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Fig. 1. Circuit and logic diagrams of SG-350 line/lamp driver.

$G350
L——TRANSMITTER —_—

|
Vs=35V I

PULSE
GENERATOR

j=—TEST LINE—»|

Ry

Vg=35V

POINT @ TRANSMITTER INPUT (TOP TRACE) SV/cm, O AT | cm, DOWN.

POINT TRANSMITTER OUTPUT (2nd TRACE) 5V/cm, O AT 2 cm, DOWN.

POINT @ RECEIVER INPUT (3rd TRACE) 2V/cm, O AT | cm, BELOW ¢ .

POINT @ RECEIVER OUTPUT (4th TRACE) 5V/cm, O AT BOTTOM.

Fig. 2. Test setup used to obtain waveform photographs.
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Fig. 3. Waveforms on unterminated (a) and
terminated (b) 20-foot length of twisted pair.

Fig. 4. Waveforms obtained on test of
unterminated (a) and terminated (b) 33-foot
length of RG-58 A/V coaxial cable.



Fig. 5. Resulting
waveforms

when a 20-foot
length of twisted pair
is unterminated (a),
terminated at the
transmitter (b)

and terminated

at the receiver (c).

the driving pulses are shorter than the line delay, the num-
ber of spurious outputs will increase.

Figure 3b shows what happens when the same line is
terminated with a 150-ohm resistor. Note that there is only
one output pulse for each input pulse.

A similar comparison is shown in Fig. 4, for 33 feet of
RG-58A/U coaxial cable. Fig. 4a shows the unterminated
condition and Fig. 4b shows what happens when the line is
terminated in 50 ohms.

System response for a 20-foot length of twisted pair is
illustrated in Fig. 5. In this case the driving pulse is much
longer than the delay time of the line. Figure 5a is the un-
terminated case where the presence of the driving pulse
(which keeps the transmitter in the ““O” or ““on” condition)
tends to clamp the magnitude of the reflections. Note that
there are no spurious output pulses in this case, but that
the length of the receiver output pulse is much longer than
the input to the transmitter. This is caused by the recharge
of the line capacitance to threshold level. Also, because of
the magnitude of the reflections at the receiver input, the
noise immunity is reduced. In higher electrical noise am-
bients this situation could produce spurious outputs.

Figure 5b shows the system response when the line is ter-
minated at the transmitter end rather than at the receiver.
This approach does not suppress the reflections because the
termination is in parallel with the output impedance of an
“on”” transistor.

The results obtained when the line is terminated on the
receiving end are shown in Fig. 5¢c. Note that the receiver
output pulse width is the same as the input to the trans-
mitter. Noise immunity is also improved thanks to the lack
of reflections at the receiver input.

These results speak for themselves. It’s easy to see the
advantages you get when you use the SG-350 for terminated
line driving applications. Of course, the SG-350 is com-
pletely compatible with the rest of the Sylvania SUHL line
and has all of the inherent advantages of SUHL logic design.

CIRCLE NUMBER 303

IDEAY
CIRCUIT BOARDS

Need circuit boards?
we’ll make them for you.
We've expanded our in-house facility to take

care of a growing number of outside cus-
tomers.

For years, our printed circuit board operation has been
supplying the needs of our Electronic Systems Division.
Now we’ve decided to put all the expertise we’ve acquired
to work for you.

Typical of our precision work is the board shown in the
photograph. Dimensional tolerances were held within 0.0005"*
over a span of 20””. These boards have been produced at a
rate of 1200 boards per day only four weeks after starting
production.

Our highly automated production facility is equipped to
handle any kind and size of board you need—single sided,
double sided or multilayer. And we’re able to turn out high
reliability, close tolerance boards. For instance, our modern
automatic drilling equipment can hold tolerances of 0.001"’.

We’ll work with you starting at any point from the draw-
ing board, breadboard or from your artwork. We’ll do pro-
totyping and can give you high or low volume production.

And in production, you can be assured of getting consist-
ent and reliable plated-through holes as well as high-quality
circuit plating, thanks to our automatic plating system.

And our services don’t stop there. In addition to handling
all of your board requirements, we are completely equipped
to do fully automated component insertion. We’ll have more
to tell you about this in a future issue of IDEAS.

If you need circuit boards, why not talk to one of our
technically trained sales force. They’ll bring our facilities
right to your doorstep. CIRCLE NUMBER 304
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Circuit board holds dimensional tolerance of 0.0005”
over 20” span.




IDEAY

TELEVISION

Slandard monochrome

picture-tube fine
keeps on growing.

We now have six sizes in the line that
offer you the most tube for the least

money.
ey
9.19"
m_&: Mg.u
100"
MAX
i
. \ -2l
y o
ek ‘Tf
I
| +.3"
1 {— 113"
/ t=—REF. LINE
wul“ﬂl PHTESIOR. Bt L“.u'
e 227ZP4 standard tube.
LALL LB
| -.10" |
P 94" ) |
R o
- 7777, Lirse gt s
EXTERNAL 798% 2. x 4 30°
COATING 30 o e 20
REFERENCE i i CENTERLINE RT'
Y2575, 423 m’:‘::; A 11 6 .\l”
DE6OI8 BOTTOM VIEW OF BASE
B7- 247
BASE
Standard tube types
Max.
Screen  Overall Implosion Deflection Anode Gz
Type Area Length Protection Angle EF/IF Type Voltage  Voltage
Number (Sq.In.) (In.) System (Degrees) (Volts/Ma) Focus (Volts) (Volts)
9YP4 40 9.24 T-Band 85 12.6/80 Lo Es* 15,000 100
12DEP4 74 9.19 T-Band 110 6.3/450 LoEs* 15,000 100
17ESP4 141 11.20 Kimcode 114 6.3/450  Electrostatic 23,000 300
20YP4 184 12.27 Kimcode 114 6.3/450 LoEs* 23,000 50
227ZP4 229 13.13  Kimcode 114 6.3/450  Electrostatic 23,000 400
23HFP4 282 14.88 Kimcode 110 6.3/450 LoEs* 23,500 50

*Low Voltage Electrostatic

When we introduced our “standard”
12”7 B & W picture tube a little over a
year ago, we said we could offer lower
price through volume production. Ap-
parently, a lot of people believed us.
The 12-inch tube has been a roaring
success.

Now, we’ve expanded our standard-
tube concept to other sizes including
9”7, 177, 20”7, 22”, and 23” models (di-
agonal). A total of six different sizes
that can save you money on the single
most expensive component that goes
into a TV set.

How do we know that these tube
types are best for standardization?
We made a survey to find out the most
acceptable bulb configuration for each
size. Then we determined which elec-
tronic factors were most important.
These included focus and deflection
voltages, gun-mount configuration,
anode button location and other de-
sign considerations.

We put all this information to-
gether and came up with a series of
tubes that meet the majority of de-
sign needs. We developed a series of

tubes that we can sell at the lowest
possible price.

Now, you can have a “MADE IN
U.S.A.” TV set that can be price-com-
petitive with foreign-made sets. And,
in addition, you get the full range of
field engineering services and techni-
cal assistance that only a domestic
manufacturer can provide.

Shouldn’t you look into our stand-
ard tube line for your next set design?
We feel sure you will find that the
price break and superior Sylvania
quality will pay off for you.

CIRCLE NUMBER 305



DIODES

High-Q VVCSs improve
H-F amplifier performance.

Family of voltage variable capacitors for
use in tuned circuits are now available with
Qs of 600 and better.

When they couldn’t get the special VVCs they needed any-
where, a major manufacturer of communications equipment
brought their problem to Sylvania.

They required very high-Q VVCs tightly matched into
quads by capacitance change ratio for use as the tuning de-
vice in high-frequency amplifiers. Fast action was essential
to meet the customer’s production schedules.

A special team consisting of the customer engineers and
Sylvania’s engineering and production groups was rapidly

DIODE CAPACITANCE VS. REVERSE VOLTAGE
60

formed to concentrate on a fast solution to the situation.
By working closely with the user, and applying Sylvania’s
diode know-how, the required quantities were supplied on
time. And the result is a new series of VVC diodes in the
Sylvania line.

This high-Q series features typical Qs in excess of 600 and
a choice of capacitance values from 4.0 pf to 33.0 pf, nomi-
nal. Tuning ratios are closely controlled to the typical
values shown in the characteristics table.

When it comes to packaging, you can write your own
ticket because Sylvania has the flexibility to meet your
needs.

Whether you want your VVCs in chip form, DO-7 pack-
age or in any other form factor, Sylvania’s VVCs offer a
greater design margin.

The new series is also available in matched sets of two
or more diodes with tightly controlled capacitance and
change ratios between units.

When you need VVC diodes, take advantage of Sylvania’s
specialized design knowledge and our proven ability to
deliver the goods. CIRCLE NUMBER 306

D6900 series high-Q voltage variable capacitors
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Use Sylvania's ‘'Hot Line'" in-
quiry service, especially if you

require full particulars on any
item in a hurry. It's easy and
it's free. Circle the reader ser-
vice number(s) you're most
interested in; then fill in your
name, title, company and ad-
dress. We'll do the rest and
see you get further informa-
tion by return mail.

Sylvania Electric Products Inc.
Sylvania Electronic Components
1100 Main Street

Buffalo, New York 14209
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MANAGER’S CORNER

That littie extra something:
Service.

There is one area where foreign TV picture tube manufac-
turers cannot compete with domestic producers. That area
is service to the customer.

By service we mean assuring that you get fast aid and
intelligent assistance when problems crop up on your pro-
duction line.

Sylvania’s Commercial Engineering Laboratories are set
up precisely to give you that service. The Commercial En-
gineering Labs work hand-in-glove with field engineering,
sales, marketing, quality control, design and development
and the manufacturing group to provide a product that is
competitive and fulfills the requirements of TV receiver
manufacturers.

To do this, Sylvania’s Commercial Engineering Labs at
Seneca Falls, N.Y. evaluate hundreds of picture tubes
made by both Sylvania and our competition on a regular,
systematic basis. This evaluation procedure includes a
detailed evaluation of all tube characteristics that are im-
portant to successful operation in TV receiver. A typical
rundown of these characteristies includes emission, cutoff,
brightness, ease of setup and registration, sereen uniformity,
convergence pattern, raster shift and many others.

The instrumentation available in the Lab for this work
includes a number of color test stations used to evaluate
color tubes under controlled, repeatable operating condi-
tions. A wide range of operating voltages and currents are
available at each station for normal and stress testing.

In addition, an Earth’s magnetic field environmental
chamber is available to analyze tube and receiver perform-
ance under various conditions of the earth’s magnetic field.

In our labs, we can duplicate the magnetic environment that
would be experienced by tubes operating in any part of the
United States, Europe, Canada, or Mexico.

This accumulation of data on a regular basis allows Com-
mercial Engineering to quickly analyze the possible causes
of problems on a customer’s production line or in field
operation. It also helps in solving new design and unusual
applications problems that are part of the color receiver
production business.

In addition to aiding the customer, our Commercial En-
gineering Lab also aids our own manufacturing division. Be-
cause Sylvania sells to all major color set makers in the
United States, Europe, Canada and Mexico, it is important
that our products meet the varying requirements of a
variety of manufacturers. To do this requires a complete
knowledge of the operating requirements of many receiver
design groups located all over the world.

This knowledge begins with the analysis of new receiver
circuits that affect the operation of the picture tube. It in-
cludes such things as tube and chassis mounting arrange-
ments as well as the location and characteristics of neck-
mounted components. Our search for knowledge of actual
operating requirements ends with a life test of the picture
tubes in receivers purchased from the customer.

With this kind of data, we can react quickly to customer
requirements and analyze production situations thoroughly
to obtain quick solutions to problems.

This is the primary function of our Commercial Engineer-
ing Laboratories, and is just another example of our efforts
to provide the best production and service to the customer.

TN YY\@UOMQS)

D. G. Mackey
Section Head, Commercial Engineering Lab.

This information in Sylvania Ideas is furnished
without assuming any obligations.
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At Last...Broadband
AC Digital Voltage Measurements

(with unparalleled sensitivity and programmability)

BALLANTINE 3570 DIGITAL MODULE

— RANGING =— rAESPONSE TIME™
0ss 15 35

AvTo

and Ballantine made it possible!

Who else but Ballantine, the
recognized leader in Broadband
voltage measurement techniques
could have introduced the New
Model 3570 Series Digital
Voltmeter. . . featuring complete
programmability and exceptional
sensitivity and accuracy

for AC and DC digital voltage
measurements.

Computer and System Interface

is assured by the programmability
of all operating functions as well
as coded outputs for
measurement information.

Full-scale AC sensitivity of 10mv
combined with a 10 MHz
bandwidth offers a measurement
capability not previously
available. AC mid-band accuracy
is 0.2°/0 RDG +0.01% FS.

DC accuracy is 0.02° RDG
+0.01% FS.

A four digit display with overrange
employs dual-slope integration
for superior noise rejection.
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Optional 20 MHz Frequency
Counter capability and
Auto-Ranging are also available.

Rack and Stack

Modular packaging makes it
possible for system modules to be
easily arranged side-by-side for
rack mounting or over-and-under
for bench use. State-of-the-art
versatility is assured as new
modules are introduced.

INFORMATION RETRIEVAL NUMBER 23

Creative engineering at Ballantine
is your assurance that the New
Model 3570 Series Digital
Voltmeter is more than merely a
better voltmeter—for that goes
without saying. Ballantine has
once more advanced the
state-of-the-art in voltmeter
technology, and set a new
standard in Broadband AC Digital
Voltage Measurement.

We invite comparison . .. Write or
phone—for additional technical
information, The Singer Company,
Instrumentation Division,
Ballantine Operation, P.O. Box 97,
Boonton, New Jersey 07005,

(201) 334-1432 or your nearest
Ballantine Representative.

SINGER

INSTRUMENTATION
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S revealing questions to
ask hybrid manufacturers:

Do you manufacture your own chips? Fairchild

does. We're the only manufacturer that manufac-
tures, tests and stores our own chips. We test over
three million dice in our hybrid facility every month.
And we store over 10 million dice, ready to be used
right now. Response to any demand is quick and in
volume. From Fairchild.

How large is your

selection of hybrid
components? Back to the
Fairchild stores, where
we’ve got those 10 mil-
lion dice. They include
everything from simple
diodes to complex LSI
functions. If you need it,
you can get it right now.
From Fairchild.

Can you offer computer-aided design? Fairchild not only offers, but delivers.

If those 10 million single chips in our facility won’t do your job best, we give
your problem to our CAD group. With our new computer-aided design tech-
nology, the whole design procedure
—choosing the logic elements to
implement your function, gener-
ating diffusion and metalization
masks, even setting up functional
and electrical test sequences for
checking out the completed device
—1is all handled by the computer.
It’s just one of the things that

3
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makes our prices the lowest in the industry. Your special functions are available
fast and economically. From Fairchild.

Are you limited to any spe-

cific technology? Not at
Fairchild.We use the technique
that’s best for you. Thick film
for economy. Thin film for accu-
racy and radiation resistance.
Thin film on silicon if the func-
tion calls for a lot of active
devices—discretes, MOS or LSI
—and few passive ones. What-
ever’s right. From Fairchild.

Can you make hybrids in production quantities? At

Fairchild, we make so many hybrids we’ve even got a
line of standard hybrid functions priced like discretes. Hybrid
production is on an assembly line basis, with the lines split
according to the complexity of the functions being manu-
factured. Skills and equipment are matched exactly to the
products. The products are right on price, performance and
reliability. From Fairchild.

When all the answers are in, you’ll find that Fairchild is the
only manufacturer that qualifies as a complete hybrid source.
For everything. Packages. Products. Substrates. Volume.

If there are more questions,

FER IR SRR LR
you can get one brochure that F=AIRCHILD

has all the answers. Only from
Fairchild. Write for it today! SEMICONDUCTOR

Fairchild Semiconductor /A Division of Fairchild Camera and Instrument Corporation
313 Fairchild Drive, Mountain View, California 94040 (415) 962-5011 / TWX: 910-379-6435

INFORMATION RETRIEVAL NUMBER 24
ELECTRONIC DESIGN 6, March 15, 1969 35




NEWS

Graphics: The future in design by computer

Costs and rudimentary software are holding back
wide use, but research progress is quickening

Robert Haavind
Managing Editor

Electronic designers across the
nation are using computers regu-
larly to assist them in their work.
Yet present methods are only the
crude beginnings of design automa-
tion, many researchers believe.
Cumbersome batch processing tech-
niques (see opposite page), a gen-
eral lack of available software and
unsuitable interfaces between engi-
neer and computer are all holding
back automated design.

But despite the drawbacks, the
demand for design automation is
booming. In the San Francisco Bay
area alone, over 80 companies are
offering computer services or soft-
ware support. In addition scores of

Sy
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oS
At Bell Labs, where over 1400 re-
searchers use computers, graphical
interaction is being developed for a
wide range of tasks.
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companies in the area have their
own computer and programing
staff, and hundreds of engineers
are using in-company equipment
for design work. The situation is
similar at other electronic and areo-
space centers around the country.

It is not surprising, therefore,
that dozens of researchers are
focusing on an approach that
promises to make the computer a
much more powerful partner in the
design process. That approach is
graphical interactive computing.

Graphic terminals allow a de-
signer to work on his problems as
he visualizes them. Circuit and
block diagrams, sets of curves,
blocks of data, wave shapes—these
are the language of the electronic
designer.

Interaction is also vital, because
design is a process that couples
intuition and iteration. A designer
gets an idea, shapes up a circuit,
and then goes through a number
of analyses and modifications to
make his circuit conform to all re-
quirements. Often these modifica-
tions require insight, which can’t
yet be put into a computer program
for batch processing. Also, a step-
by-step process like this becomes
difficult when hours, even days, go
by between the formulation of a de-
sign problem and the obtaining of
results.

Graphics still aren’t common

Despite the great potential,
graphic terminals are not yet being
used widely for circuit or systems
design work. They are expensive,
particularly in an interactive mode.
The software is still rudimentary,
although some important steps for-
ward are being made. Graphical
programs that make terminals easy
to use take up large blocks of stor-
age, and calculations to manipulate
images can tie up a computer while
it should be handling more vital
computations.

“Lack of standardization is a
big thing holding back computer
graphics,” says John Ward, who de-
signed graphic systems for Project
MAC (Multi-Access Computing) at
the Massachusetts Institute of
Technology, Cambridge, Mass. Im-
portant developments at different
research facilities cannot be trans-
ferred, he explains. Each group
must work out the new concepts
to fit its own languages, programs
and equipment.

A fully interactive graphic termi-
nal costs over $60,000 and the most
common terminal in the industry—
the IBM 2250—costs in the neigh-
borhood of $250,000. Without ex-
tensive software development—both
to simplify operations between the
terminal and the computer and to
tailor the capabilities of the sys-
tem to a particular application—
the user finds the graphics ap-
proach cumbersome rather than

helpful.
At MIT and Bell Telephone
Laboratories, Murray Hill, N.J.,

where much work has been done
on developing computer graphics
for design work, studies show that
some 90 per cent of the design
activity on graphic terminals did
not make full use of interactive
capability. Both MIT and Bell have,
as a result, done extensive work on
the development of simpler, lower-
cost terminals with more limited
capability.

This does not mean that fully in-
teractive terminals will not become
useful. It just indicates, graphics
researchers feel, that the tech-
niques for permitting smooth inter-
action in difficult, eye-level design
problems have not yet been worked
out. An examination of some of the
difficulties faced in achieving this
goal, and of some of the achieve-
ments already made, should help
clarify their outlook.

Basically an interactive graphic
terminal consists of a cathode-ray
tube, some device for indicating lo-
cations on the screen of the com-
puter, and a variable amount of
circuitry to relieve the main com-
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(graphics, continued)

puter of some of the storage and
calculations needed to operate the
display. Early graphic terminals
usually had minimal built-in cir-
cuitry. Today many displays have
an associated small computer of
their own, plus special purpose
digital or analog circuits or both.

Every display requires d/a con-
version, since commands from the
computer are in the form a string
of digits and deflection voltages
must be analoged.

Most terminals are of the ran-
dom positioning type, where the
beam only traces out the pattern
specified. A raster scan that uses
an ordinary TV monitor is also
possible, and much cheaper, but
this approach has drawbacks. The
raster display is not as pleasing
visually, and it involves program-
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ing difficulties, besides not work-
ing well with a light pen.
Refreshing—that is, tracing an
image over and over many times a
second—is required in normal
CRTs This requires display data
to be stored and repeatedly cycled.
With normal phosphors, such as the
P-31, this must be done 30 to 60
times a second to give the appear-
ance of a stationary image. If the
picture becomes cluttered, the sys-
tem isn’t able to retrace at such a
fast rate, and it begins to flicker.
Why not use long-persistence
phosphors ? Unfortunately, they are
not as bright, are easily burned,
and, again, there may be diffi-
culties in using a light pen.
Display functions can be provid-
ed in either hardware or software.
The configuration of a typical sys-
tem—the IDIIOM offered by In-
formation Displays, Inc., of Mount
Kisco, N.Y.—is shown in the block

diagram. The programmable mem-
ory and controller is a Varian Data
Machine 620-i computer with core
capacity for 4000 16-bit words. The
display processing unit serves as a
mode control, decoding instructions
from storage and generating the
proper function signals. It also
takes care of such tasks as setting
up a string of characters across
the screen automatically, adjusting
positions and spaces, and establish-
ing left and right margins. A num-
ber of special functions are built
in.

The character generator provides
64 symbols—alphabetic, numeric
and special. The vector generator
draws lines between specified end
points. Circles can be drawn auto-
matically when the user specifies
the center and then a point on the
perimeter. The blink control allows
the user to select a particular por-
tion of his drawing to blink on and

Three-dimensional data can be dis-
played on this Adage terminal. Built-
in circuitry allows scaling, translation
and rotation of images. Cost ranges
from about $60,000 for a simple 2-D
version, to some $250,000 for full
3-D capability. This was one of the
first systems to have its own com-
puter for refresh and some display
computation, which can tie up a main
frame computer. Aside from beautiful
images, the system can produce use-
ful multiparameter plots, and show
dynamic variations continuously.
Movie-making equipment will soon be
added to the system accessories.

ELECTRONIC DESIGN 6, March 15, 1969



off. The character rotating control
permits a string of characters to
be rotated 90° counter-clockwise,
which is particularly useful for la-
beling graphs.

The IDIIOM system, with a light
pen, sells for $79,000.

The methods used to draw lines
and to follow the motion of the
light pen were spelled out by
Robert Reikert, formerly with IBM
and now a display designed for In-
formation Displays. Straight lines
can be drawn between specified end
points in the same time interval,
no matter what the length. But
shorter lines will be brighter than
long ones. If X and Y deflection
voltages are applied at the same
rate, the lines will be bowed rather
than straight. Thus for an equal-
time system, both of these effects
must be compensated for. Informa-
tion Displays chose instead, Rei-
kert explained, to use a time-pro-
portional vector generator.

In the case of the light pen, a
photo sensor in the pen senses light
at some point on the screen. The
time at which the light is sensed
tells the computer where the pen
is located. A cursor, perhaps a
square box, appears on the screen
and the light pen is pointed at it.

Then the pen is moved to a desired
location, say where a designer
wishes a resistor to appear. As the
pen moves, it strikes one side of
the lighted box, indicating to the
‘computer the direction of motion.
Then the cursor is moved in that
direction. This takes time, and a
fast-moving pen can easily race
| ahead of the cursor. To aid the

Storage tube display, using a Tek-
tronix 611 CRT, is the poor man’s
route to graphical interaction. Com-
puter Displays sells this one for
$12,500 with ““mouse’’ (right) or joy-
| stick control.

tracking speed, Information Dis-
plays uses a predictive technique,
advancing the cursor along a pro-
jection of the track that the pen
has been following.

If a user is willing to sacrifice
some interactive features, he can
get a display system at much lower
cost. Computer Displays, Inc., of
Waltham, Mass., for example, sells
a storage tube terminal for $12,500.
This system is based on work done
at MIT; Robert Stotz, president of
Computer Displays was formerly
an MIT graphics researcher.

The ARDS (Advanced Remote
Display Systems) terminal will op-
erate with any computer, Stoltz ex-
plained, because it has been design-
ed to look like a teletypewriter,
except that it will operate at 1200
bits per second or faster. Standard
ASCII code, with some special
graphic control characters added,
aids standardization. The Tek-
tronix 611 storage tube in the ter-
minal is also becoming an industry
standard.

A storage display has the ad-
vantage of not flickering, no matter
how much data is stored. But
changes cannot be made as a pat-
tern is built up, unless the entire
picture is erased. Corrections can
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Typical system organization for a refresh-type display
console. This IDIIOM system allows the user to select a
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portion of the display to blink on and off. A Varian 620-i
computer is part of the system.

39




NEWS

(graphics, continued)

(DRAW SYMBOL)

(NOT RECOGNIZED)

1ol
2708 1y
A? 5 ol 0l 00
301010

(POTENTIAL 'A")

(RECOGNIZED AS 'A")

Training the computer to recognize a
hand-drawn character is an unusual
feature of a Lincoln Lab graphics sys-
tem. The use of the TX-2 computer
with a large, fast, thin-film memory
makes this possible. Display at top
shows how total character set is
shown. The other versions have been
simplified.
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be made, although the user cannot
actually see them on the display.

A user indicates positions on the
screen by use of a “mouse” or a
joystick. The mouse has two wheels
at right angles beneath it, repre-
senting x and y directions. The
wheels are connected to variable
potentiometers. A spot on the
screen tracks the motion of the
mouse. The joystick operates like
an aircraft control, similarly con-
trolling the dot’s position.

At the other end of the range of
interactive consoles are those offer-
ing real-time manipulation of 3-D
images. The Adage AGT-50, selling
for $150,000 to $250,000, is an ex-
ample. Adage, Inc., of Boston, also
offers a simpler version for about
$120,000 (the AGT-30) and a 2-D
version (the AGT-10) for $60,000.

Scaling, translation and rotation
to allow 3-D operation are provided
by built-in analog circuitry.

IBM, the largest seller of
graphics terminals, did not use a
display computer with its early
2250 models. But the latest version,
the 2250 Mod IV, has an associated
IBM 1130 computer. This system
sells for about $250,000.

Graphics for IC masks

IBM 2250s were used in one of
the first projects to show the value
of graphical interaction for in-
tegrated-circuit mask design. A
group under Arnold Spitalmy of
the United Aircraft Corp. Norden
Div., Norwalk, Conn., developed a
program to allow ICs to be design-
ed from standard building blocks.

The 2250’s screen is split into
functional areas, as shown in the
diagram. The statistical area shows
data concerned with the images in
the picture area, where the work-
ing drawings are displayed. The
computer feedback area helps the
user to operate in a proper se-
quence, by giving him messages
like: “Pick a Command.” The
“menu’’ area shows a list of opera-
tions from which the designer can
make choices. Since the program
for CADIC (Computer-Aided De-
sign of Integrated Circuits) is
large and complex, only portions
of it are in the main computer’s
working memory at one time. Thus
the portion concerned with one
mode—‘‘placement” for example—
will be in working core while that

X 2 - HEADED R
X | — HEADED R
TRANSISTOR

i
1

MOVE

SKETCHED SYMBOLS

MOVE END
(STRETCH)
MOVE WHOLE
OBJECT
FORMAL SYMBOLS

Some of the hand-drawn symbols the
Lincoln Lab. system has been trained
to recognize are shown above. The
central point of the “M’ tells the
system where the user wants some-
thing moved to.

concerned with the other four
modes are on discs. A button push-
ed on a function key set will switch
into the “Record” mode, for ex-
ample, swapping a new portion of
the program into working memory.
A new menu will appear, and the
user can select portions of his dis-
play to store away for future use.

Just as Norden was completing
work on the system, it stopped its
integrated-circuit effort at the
Norwalk plant. CADIC is now be-
ing sold as a service to IC manu-
facturers.

Will the automation of the de-
sign process eliminate jobs for
thousands of design engineers?

“Not at all,” says R. W. Wyn-
drun Jr., supervisor of the explora-
tory circuit applications group in
the Film Circuit and Component
Development Dept. of Bell Tele-
phone Laboratories. Instead Wyn-
drun feels that present designers
will be able to work more efficient-
ly and design better circuits.

Wyndrun’s group has just begun
to move to graphical terminals in
addition to the Teletype machines
already being used for interactive
circuit design work. “In the early
days of computer-aided design,” he
recalls, “every problem had to be
carried to the computer room on
the fifth floor of the laboratory.
Hours, sometimes days, passed be-
fore the results came back.”

When his group switched over to
Teletype machines operating in a
time-shared mode, the speed on de-
sign problems was increased five
to ten times. Now the graphical
approach is allowing solutions to be
reached five to ten times even fast-
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er than that.

“Designs that used to take four
days are now done in two or three
hours,” Wyndrum says.

Engineers will try more alter-
natives, he explains, and since each
can be analyzed so much faster and
more thoroughly, a better optimiza-
tion job can be done.

Another factor that adds to the
power of computer-based design,
the Bell researcher feels, is that
studies have shown that only 10
per cent of a designer’s time is
spent on reaching a nominal de-
sign. The other 90 per cent is
devoted to the analysis phase,
where values are optimized and
then modified to take into account
yields, tolerances, variation of tem-
perature and other parameters.

A picture = 1024 words

“A picture is worth 1024 words,”
jests Lawrence Rosler, supervisor
of the Bell Laboratories graphics
group that is providing the soft-
ware backup to Wyndrun and his
designers.

A hierarchy of programmers is
involved in bringing graphics into
wide use, according to Rosler. This
starts with the systems program-
mer, who evolves an operating sys-
tem like the OS-360 or a compiler,
then goes to the graphical systems
programmer, then to an applica-
tions programmer, and finally to
the user of the equipment. Rosler’s
aim is to wipe out the distinction
between the last two in this chain.
The approach is to make the pro-
graming of a problem for graphical
solution no more difficult than
FORTRAN programing.

Just as the development of
FORTRAN compilers allowed com-
puters to be programed in the
natural language of mathemati-
cians, Rosler says, so will graphical
systems allow engineers to work
naturally with the computer.

Designing graphical systems
where the designer is virtually un-
aware of the programing is also the
objective of a group headed by Dr.
William Sutherland at Lincoln
Laboratory, Lexington, Mass. A
sign on the wall in Dr. Suther-
land’s cubicle in the basement of
the laboratory may indicate his
working philosophy :

“Programs are like waffles—
throw out the first one.”
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Layout of IBM 2250 display panel as
it is used by Norden in developing
integrated circuit masks. Standard
parts, whether devices or circuits, are
put together to structure a mask pat-
tern.

For 18 months he and his group
have been developing programs
suitable for the layout of integrat-
ed-circuit masks.

“We are in the 15th version of
the program,” he reveals, “And
we’re not satisfied yet.”

Each application for a graphical
program turns out to call for differ-
ent properties, and many of these
cannot be determined until real
work is done with graphical inter-
action. Thus the Lincoln Laborato-
ry group is evolving programs
that offer an assortment of basic
features, and then allow an indi-
vidual user to build up his own
combinations of these features as
he proceeds in his work.

In the IC mask case, for example,
routines are available to line up the
ends of devices with each other or
with indicated points on other de-
vices. Line widths and dimensions
are automatically taken care of, so
that proper values for components
are achieved and devices are spaced
correctly.

The most unique portion of the
Lincoln Laboratory development
is an automatic symbol recognition
facility for stylus-drawn symbols.
An individual user can “train” the
system to recognize the symbols he
draws with the stylus.

With this technique the user can
draw symbols on a square tablet to
communicate his desires to the com-
puter. Thus he does not have to
divert his attention to a keyset or
a keyboard as he works along. Also,
the “menu” presentation used in
many graphical systems, which
takes up screen area, is not re-
quired.

Another advantage to the symbol

recognizer is that a user defines
his own symbols, and thus can easi-
ly remember them.

The recognition capability is pro-
vided by a trainer facility (see dia-
gram). The user specifies by means
of a typewriter what character or
subroutine he wishes the symbols
to represent. The example shown is
for the letter A, but the system
could similarly be trained to recog-
nize the symbol for a subroutine,
such as a move command.

Training is performed by re-
peatedly writing the symbol on the
screen in the portion that lies be-
tween what appears to be the upper
part of a football goal post. Each
time that a symbol is drawn, the
system notes certain of its proper-
ties and attempts to match these to
a set of remembered features.
These are such things as how many
strokes are used, the aspect ratio
(length to width) of the character,
and how many crossings it makes
of a tic-tac-toe grid fitted over the
character. At first the machine
does not recognize the character at
all, so it displays two question
marks below the goal posts. The
proper character is typed in again
and the user writes the symbol
again. Finally it makes partial rec-
ognition, where the symbol’s char-
acteristics are closer to one re-
membered pattern than to any
other. The machine indicates by
displaying a character with a single
question mark after it. When all
the features of the character agree
with the remembered pattern, the
recognized character is displayed
with a period after it.

Just a few of many developments
leading toward easy communica-
tions between engineer and com-
puter via graphics have been men-
tioned here. Dozens of projects con-
tinue to reduce the drawbacks, in-
cluding cost. Already graphics
terminals are proving economical
for making printed-circuit wiring
patterns and for integrated-circuit
masks. Soon it will become a widely
used approach to circuit and sys-
tems design.mm
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When Speed, Accuracy and Traceability
harmonize in one test system,
they’re playing our song.

news and innovations in metrology e|s|i

The urge to automate components testing
and other QC tests—and to provide data
logging as well—has produced a three-
cornered dilemma, to wit: Can speed be
increased indefinitely without sacrificing
accuracy and traceability? We think not.

It is probably jet age heresy, but we say
there are limits beyond which speed of
automation cannot advance without harm-
ing accuracy and repeatability. At least for
the forseeable future.

Model 70 Programmable Meter Calibrator

This is not to say we do not believe in
automating and simplifying electrical
measurements. On the contrary ESI is
directed toward that end, but because we
are first of all precision metrologists, we
start with accuracy and traceability and
work toward automation and information
storage.

We've been building automated, semi-
automated and data logging test systems
as long as anybody. As a result of our

| &

vantage from atop the precision metrology
pyramid, we think we know as much as
anybody about how to harmonize the
three corners of the dilemma: Accuracy,
Traceability and Speed.

On these pages are three systems which
demonstrate ESI’s capability in automation
and data logging: the Model 70 Program-
mable Meter Calibrator, Model 500 series
of automated resistor testers, Model 242C
DL Resistance Measuring System with data

logging.
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Calibrate a multimeter
in 9 minutes
by punched card.

How do you automate the calibration lab,
where it takes 1'/2 hours to check and
certify the average meter?

ESI answers that question with our Model
70 Programmable ‘Meter Calibrator, which
cuts calibration to one-tenth the time it
takes for most instruments and meters of
all types . . . and at the same time pro-
vides complete data printout.

With the Model 70 system a semi-skilled
operator can check and certify virtually all
common direct-reading analog meters and
numerous digital instruments in less than
a quarter hour. Voltage, resistance and
current are all tested at 0.1%o accuracy for
the whole system.

A programmed card for each meter con-
trols the calibration test procedure, ad-
vancing the system through preselected
range and function checkpoints, instruct-

ing the operator to adjust the instrument.

Heavily loaded laboratories payout cost
of the Model 70 system within 9 to 18
months.
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Data logging ohms
at 10 ppm...and
other things.

When a standards or calibration lab man
says “‘automation” he more likely is refer-
ring to automated data acquisition analysis
and recording, rather than to a speedup in
measuring.

ES| pioneered 6 years ago in this field by
offering complete data logging and inter-
facing equipment on our Model 242 Re-
sistance Measuring System. Upgraded
today to 10 ppm accuracy over an ex-
tremely wide range, the 242C can handle

the resistance measurements of most

small-to-medium labs and provide com-
plete data acquisition in the bargain.

Data logging on several of our different
test systems can be computerized to pro-
vide immediate answers to questions of
quality, effects of design changes, drift
rates, etc. This information can pertain to
individual components such as resistors
and capacitors, or in a broader scope to
temperature measurements, instrument
calibration and certification, voltage meas-
urements and environmental and life test-
ing.

ESI provides the complete system, with a
variety of input/output devices available
together with our own data couplers and
guarded four-terminal fixtures and pat-
ented test leads. Systems compatible with
data logging are as follows:

MODEL NAME

242 Resistance Measuring System
701 Capacitance Measuring System
951 Temperature Measuring System
721 DC Ratio Measuring System

1071 AC Ratio Measuring System
1045A1 DC Voltage Measuring System
123 Resistance Measuring System

e|s ie

oy
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Automated resistor
tester logs out
deviation plus
temp. coefficient.

i you want the ultimate in speed and
accuracy (with traceability) in a testing
system for precision resistors, you'll find
today’s answer at ESI in our burgeoning
new Model 500 series.

The first of these models was offered last
year (shown above) as a semi-automated
Resistance Deviation Bridge on which an
unskilled operator could test precision re-
sistors at 50 ppm accuracy, one every
second. An automatic sorter was added
later which further increased speed and
reduced operator error to nil. A KELVIN
KLAMP® jig accepts the resistor, which is
measured and then ejected into one of
three tolerance limit bins and automatic-
ally counted. A mechanical handler is now
available to eliminate manual feeding.

At this month’s IEEE show we are featuring
a new addition to this model series, which
provides temperature-correlated measure-
ments of resistors on a semi-automated
batch basis, complete with data logging
and computerized readout of temperature
coefficients for every resistor tested. Fifty
precision resistors are mounted easily on
an oven closure. The oven is programmed,
automatically on closing, to take the re-
sistors through selected temperature set-
tings. At each heatpoint the resistors are
sequentially measured for deviation from
nominal value. The results are recorded,
analyzed by computer and a temperature
coefficient is immediately printed out for
each resistor, along with average and mean
deviation at any selected temperature.

Much more than a GO-NO-GO unit, the
system checks values from 0.1 ohm to 111
megohms and has infinitely adjustable de-
viation settings from 0.01% to 10% full
scale.

ELECTRO SCIENTIFIC INDUSTRIES, INC.
13900 N.W. SCIENCE PARK DRIVE « PORTLAND, OREGON 97229

SEE us at IEEE—Booth No. 2B02
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u-PAC logic module prices have been reduced. Again.
It brings us close to our objective: to provide the most
comprehensive and economical digital logic offering in
the industry. First, take a look at some typical prices:

Unit Price

e R New Price
Model Description Old New per Function
DI-320 10, two input NAND gates  $25.00 $20.00 $2.00/gate
DN-320 6, three input NAND gates 21.00 16.00 2.66/gate
DF-320 8, three input NAND gates New 20.00 2.50/gate
FF/320 8 basic flip-flops New 31.00 3.87/flip-flop
FA/320 4 clocked flip-flops 31.75 25.00 6.25/flip-flop
BC-320 6 stage binary counter 46.50 38.00 6.33/stage
SR-321 8 stage shift register New 54.00 6.75/stage
AP-335 8 half adders 168.00 129.00 16.12/half adder

We'll give you 102 more price comparisons on request.

Now, focus on those factors most often neglected in a
make-or-buy go 'round. ;-PAC modules offer the lowest
total system cost because they are more than “a
flip-flop mounted on a card.” ;;-PAC modules are an

integrated system of digital logic electronics with fully
compatible mounting hardware and power supplies. 1/0
circuits and analog circuits. Wire wrap tools and other
accessories. The works. Plus support. Like in-depth
documentation. Logic design aids. 1009, circuit testing.
72-hour Certified Fast Shipment. Even custom designs
for your special needs.

Whether your logic needs are large or small, ask your
Honeywell PAC man to give you the full story. He'll help
you “bank” a nice piece of change. Honeywell,
Computer Control Division, Old Connecticut Path,
Framingham, Massachusetts 01701.

Honeywell

COMPUTER CONTROL
DIVISION



Problems with circumlunar navigation?

Lunar gravitation still puzzles NASA
Mysterious ‘“mass concentrations” of
material beneath the surface of the
moon are still causing concern

with navigation in the U. S. Apollo
program. The unknown material
causes significant gravitational
variations, and these in turn affect
the flight path of an orbiting
spacecraft. A shortage of data on
this shifting gravitational field
makes it impossible to predict
accurately the spacecraft’s path in
orbit. And rather than clearing up
the problem, the Apollo 8 lunar

mission provided enough data to further
complicate what had already been known.

To find out more about the problem,
NASA may let Apollo 10—the second

manned circumlunar flight, scheduled for

launching May 17—stay in orbit

above the moon a day longer than planned.

The problem and the possible shift in
plans were described recently by

Christopher C. Kraft, director of flight
operations at NASA’s Manned Spacecraft

Center in Houston.

Apollo 10 is scheduled to go into low
lunar orbit with three astronauts.

At that time the lunar landing module
will be detached and will descend

with two men to about 50,000 feet above

the lunar surface; the module will then
return to a rendezvous with the

command section of the spacecraft. Then

the lunar module will be left behfnd,
and the command module will return to
earth with the astronauts.

Medical electronic hazards charged

Ralph Nader, the self-appointed
crusader for consumer protection,?

charged before the National Commission on

<4 INFORMATION RETRIEVAL NUMBER 26
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Product Safety that 1200 hospital
patients each year are electrocuted
accidentally. These deaths occur
generally, he said, among patients
undergoing routine diagnostic tests,
long-term monitoring, and even simple
treatment. The source for his data,
Nader said, is Dr. Carl W. Walter, a
clinical professor of surgery at the
Harvard Medical School. Dr. Walter
also is a surgeon at the Peter Bent
Brigham Hospital in Boston.

The accidental electrocutions generally

2o undetected and are usually listed as
cardiac arrests, Nader told the commission.
According to Dr. Walter, many of the
accidents occur when untrained hospital
technicians combine incompatible

electronic units. Others, he

says, are caused by high voltage

surges that leak from poorly designed
equipment.

Nader said that Dr. Seymour

Ben-Zvi, instrumentation director

at the Downstate Medical Center in
New York City, had evidence showing
that 40 per cent of the equipment
coming into the center was defective.

Soviet building more missile subs

The Soviet Union is shifting its
strategic military emphasis, Defense
Secretary Melvin R. Laird says. It is
apparent, he noted, that the Russians
have started a crash program to
expand their meager fleet of submarines
equipped with ballistic missiles.

These would be comparable to U. S.
Polaris nuclear subs, which launch
intermediate-range missiles while
submerged.

The Soviet Union now has, according
to Pentagon sources, roughly 45
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missile-carrying submarines—most

of which can fire only if surfaced. It
has only one Polaris-type submarine,
armed with 16 missiles, with two more
under construction. But under a crash
program, Laird notes, the Russians
could equal the U. S. force of 41
Polaris submarines by 1973 or 1974. The
Secretary points out that the U. S.
achieved such a construction rate

in 1964.

Laird made these observations at a
recent hearing before the Senate

Foreign Relations Committee on the
nuclear nonproliferation treaty. He

also indicated that the Soviet Union either
has or is preparing to deploy a form of

fractional orbit bombardment system (FOBS).

Laird left no doubt with the committee
of his belief in the need for the

Sentinel ABM system, at least as a ‘“‘thin’
defense. Some 10 possible defensive
applications of Sentinel are being
studied by the Pentagon, and chief among
these is the use of the ABM system as

a coastline shield against
submarine-launched ballistic missiles.

b3

Aviation planning study sought

Sen. James B. Pearson (R-Kans.) has
introduced a bill that would set

up a commission for one year to study
air transportation problems in the
United States. Called the National
Aviation Planning Commission, the
body would consist of top officials of
every U. S. agency now associated
with air travel plus 10 technology
experts to be appointed by the
Secretary of Transportation. The bill,
already endorsed by the Nixon
Administration, aims to establish a
“comprehensive air transportation policy.”

Pearson points to present dispersion

of authority for decision-making in
aviation affairs—the Civil Aeronautics
Board, the Dept. of Transportation

and the Federal Aviation Administration.
And there is secondary responsibility
for R&D activities within NASA and the
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Defense Dept., he adds.
The Senator cites these deficiencies
in present planning areas:

= A need for a single central
clearinghouse for aviation information.

® A need for systematizing R&D
activities, with emphasis on the future
impact of air traffic congestion, the
jumbo jets and supersonic transports,
and the integration of air transport
with other transportation modes.

= A need for a technical and
economic plan to provide the ground
facilities for aviation growth.

Noting present congestion in the air
traffic system, Pearson asserts:

“It is not fair to say that a lack of
planning on a national scale is the sole
cause of the current condition of our

air travel system, but it has played

a major role.” The nation, he says,
simply wasn’t prepared for the

dynamic growth of the aviation industry.

This is the second attempt by the Senator
to set up an aviation commission. He
proposed a similar bill in 1967, but it
failed to win support.

Navy missile falls short

The Navy’s Condor missile, a TV-guided
air-to-ground weapon designed to

carry conventional explosives 60 miles,
may be in trouble. Washington

sources indicate that, in recent flight
tests, the 2500-pound missile achieved
less than half the range desired, and
that some difficulty was encountered
with the remote-control radio link.

Whatever the reasons, the Navy has
delayed a request for production
money at least a year.

Built by North American Rockwell’s
Columbus Div., the Condor is ;
guided by TV. One TV camera in the
aircraft’s nose “sees” the target

and passes the information on to a camera
in the missile’s nose. The pilot

can then fire the missile and begin his

own evasive action.

By a TV picture radioed to him from the
missile’s camera, he is able, with a
joystick, to continue guidance inputs

to the missile. When close to the

target the missile homes in by another,
undisclosed, technique.
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AND THE

POTENTIOMETER

ONLY 0.25” Dia. X 0.18” high
TC 150PPM/°C over entire resistance range 10Q to 1 Meg.

Bourns presents the first commercial single turn potentiometer to meet or exceed the
requirements of MIL-R-22097. Sealed for wave soldering and immersion cleaning . . . with
settability superior to anything on the market today. Manufactured in the tradition of excellence
of design and workmanship you have come to expect from Bourns. .. the leader in the industry.
Write or call the factory, local field office or representative today for technical data.

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



NEWS

Army gets multi-display antiaircraft radar

The Army’s forward combat
troops are getting a highly versa-
tile mobile radar for detecting
high- and low-speed enemy air-
craft flying at tree-top levels.

Called Faar (for forward area
alerting radar), the system detects
aircraft coming from any direction,
identifies them as friend or foe,
and relays target information to
antiaircraft sites.

Contained in a transportable
shelter, the Faar system’s console
can be operated remotely, out to
150 feet. Targets and their identi-
fications are displayed automatic-
ally on the console’s cathode-ray
tube, in one of a matrix of squares,

each of which represents a specific
combat sector. Target information
is relayed via a vhf radio link to
remote antiaircraft batteries which
are equipped with small 13-pound
displays.

Aircraft are indicated on the
portable displays by two colored
dots—green for friend and red for
enemy. As the plane moves, its path
can be tracked on the display with
a grease pencil.

Faar was designed and developed
for the Army Missile Command by
the Bedford Div. of Sanders Asso-
ciates, Inc., in Nashua, New Hamp-
shire. The initial production con-
tract is to $7.1 million. =m

Mobile radar detects and identifies
enemy planes at tree-top level.

NBS offers wideband

In the course of carrying out
research on radio noise standards,
two National Bureau of Standards
engineers have developed a wide-
band rf voltmeter-comparator for
making precise measurements of
equipment in the frequency range
of de to 1 GHz and the voltage
range of 1 to 15 volts.

The device will be helpful, an
NBS spokesman says, in the aero-
space, electronic equipment-manu-
facturing and communications in-
dustries, where accurate measure-
ments of rf voltage are needed for
research and quality control.

The voltmeter-comparator is a
completely passive dual-channel co-
axial, 50-ohm feedthrough device,
which uses matched diodes as de-
tectors of peak voltage amplitudes.
Diode loading is such that neglig-
ible power is extracted from the
signal.

Because of circuit configuration,
the device is basically a differen-
tial voltmeter. Its dual-channel de-
sign reduces ambient temperature
variation effects and allows greater
resolution (at least 1 part in 10%)
than do other rf voltmeter types.
Absolute values of rf voltage may
be measured, however, by using a
reference de voltage in one channel.
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rf voltmeter-comparator

The limit of uncertainty, in this
case, is less than 1 per cent to 100
MHz and less than 3 per cent to
IR GHZ:

The use of diodes as rectifiers in
rf voltmeter design is well known.
Normally the diodes in such instru-
ments respond to the peak value
of the input waveform, and the rec-
tified output is processed and dis-
played on a meter scale calibrated
in rms volts. Many of these volt-
meters, however, exhibit poor sta-
bility, due to the inherently high
temperature coefficients of recti-
fying diodes. They offer only a
low degree of resolution because of
limitations in readability of the
type of display used.

The new NBS voltmeter-compar-
ator also makes use of rectifying
diodes. But thermal stability is
greatly enhanced by using two
separate detector circuits, arranged
so that the temperature coefficients
of the individual diodes tend to
compensate one another. Also, be-
cause the device is completely pas-
sive, the internal circuitry is not
as prone to suffer drift as are ac-
tive circuits, such as amplifiers
used in some types of voltmeters.
Very high resolution (at least 1
part in 10°) is obtained by essen-

tially bucking the outputs of the
two detector networks against each
other and by displaying their dif-
ference on a sensitive dc¢ voltmeter
or potentiometer.

In addition to applications as a
voltmeter or as a monitor, the
voltmeter-comparator can also be
used to indicate when the magni-
tudes of two voltages are equal—
this includes balancing active and
passive push-pull networks, center-
tapping transformers, and adjust-
ing attenuator networks for equal
attenuation.

Because of its wide bandwidth
and very flat frequency response,
the voltmeter-comparator is useful
for certain swept-frequency meas-
urements, such as a sensitive detec-
tor for level controlling the output
voltage of a swept-frequency oscil-
lator.

Other applications include volt-
age calibration, systems develop-
ment and evaluation, and servicing
precision laboratory equipment. A
set of engineering drawings for the
voltmeter-comparator is available
upon request from developers L. D.
Driver or M. G. Arthur at the
National Bureau of Standards’
Radio Standards Engineering Div.,
Boulder, Colo. mm
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TEKTRONIX PRODUCT REPORT—PORTABLES

A Complete Family

product rept Of Portahle Oscilloscopes

_ portables )

TYPE 323
TYPE 321A 4 MHz, 71b
6 MHz, 14 1b

TYPE 453 PE 454

TY
TYPE 422 4
15 MHz, 22 1b 50 MHz, 30 Ib 150 MHz, 3114 Ib

Tektronix portable oscilloscopes provide perform-
ance and convenience features which span a wide
variety of oscilloscope applications. Bandwidths
to 150 MHz, dual-trace vertical amplifiers, delaying
sweep and AC, DC or battery operation are some
of the features. The Tektronix portable family is
designed to permit you to choose the instrument
that best suits your application.

please turn page for additional information
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Making the Measurement . . . with Tektronix Portable Oscilloscopes

Each Tektronix portable oscilloscope is a complete measuring system.
Necessary accessory items such as probes, adapters, cords, filters, and
manuals are included at no extra cost. Additional value is provided by
a complete line of optional accessories—voltage probes, current probes,
special adapters, cameras, protective covers, and Scope-Mobile® Carts.
Your Tektronix Catalog lists all accessories with detailed descriptions.

TYPE 453
DC to 50 MHz
Dual Trace
Delaying Sweep
AC Powered

Dual-trace DC to 50 MHz bandwidth
with sweep delay in a compact 30-pound
instrument. Rugged environmental ca-
pabilities are combined with perform-
ance features normally found only in
multiple plug-in instruments. Vertical
amplifiers provide 7-ns risetime, DC-
to-50 MHz bandwidth, from 20 mV/div to
10 V/div deflection factor. At 5 mV/div
deflection factor, risetime is 8.75ns
and bandwidth is DC to 40 MHz. Cas-
cading Channel 1 and Channel 2 pro-
vides 1 mV/div deflection factor, DC-to-
25 MHz bandwidth. The included Type
P6010 miniature 10X probes preserve
system bandwidth and risetime perform-
ance right to the probe tip. Front panel
switching logic permits making 5 mV/
div X-Y measurements. Jitter, time co-
incidence, pulse width and other meas-
urements are easily made utilizing the
calibrated sweep delay. Sweep rates
are 5s/div to 0.1 us/div, extending to
10 ns/div with the X10 magnifier. Solid-
state design, with FET vertical inputs,
provide low drift and fast stabilization
time. AC powered.

Type 453 Oscilloscope ........ $1950

TYPE 321A
DC to 6 MHz
AC, DC,
or Battery Powered

Bandwidth is DC to 6 MHz and deflec-
tion factor is 10 mV/div to 20 V/div.
Sweep rates are 0.5 s/div to 0.5 us/div
extending to 0.1 us/div with the X5 mag-
nifier. Rugged mechanical and electri-
cal design plus a choice of AC, DC, or
battery power make the Type 321A ideal
for field operations requiring accurate
waveform measurements. With internal
batteries, it weighs 17 pounds; without
batteries, it weighs 14 pounds.

Type 321A Oscilloscope
without batteries .............
Set of 10 NiCd batteries ...... $ 70

TYPE 454
DC to 150 MHz
Dual Trace
Delaying Sweep
AC Powered

DC-to-150 MHz bandwidth, 2.4-ns rise-
time! This oscilloscope is currently the
fastest real-time, general-purpose instru-
ment available. Dual-trace amplifiers
provide 150-MHz bandwidth at 20 mV/
div deflection factor. At 5 mV/div, rise-
time and bandwidth are 5.9 ns and 60
MHz respectively. Single-trace displays
at 1 mV/div deflection factor permit
viewing low level signals. The supplied
P6047 10X probes preserve the 150-MHz
bandwidth right to the tip of the probe.
Sweep rates are 5s/div to 50 ns/div,
extending to 5 ns/div with the X10 mag-
nifier. Calibrated sweep delay permits
expanding specific portions of your
waveform display for examination in de-
tail. A photographic writing speed of
3200 div/us (>2500 cm/ us) is provided
by the Type 454 Oscilloscope, C-31
Camera, and 10,000 ASA film, without
employing film-fogging techniques! X-Y
displays, with calibrated deflection fac-
tors to 5 mV/div, are possible with the
flick of two front panel switches. The
Type 454 is mechanically designed to
withstand environmental extremes and
rough handling. AC powered.

Type 454 Oscilloscope . ....... $2700
C-31-R (Roll-film back) ........ $ 550

U.S. Sales Prices FOB Beaverton, Oregon

Your Tektronix Field Engineer will
demonstrate the performance of the
Tektronix portable oscilloscope of
your choice, on your premises at
your convenience. Please call him
or write, Tektronix, Inc., P.O. Box
500, Beaverton, Oregon 97005.

TYPE 422
DC to 15 MHz
Dual Trace
AC, DC,
or Battery
Powered

This compact, rugged oscilloscope
combines small size and lightweight
with 15-MHz, dual-trace performance.
Two models are available. One is pow-
ered from AC; the other from AC, DC, or
internal rechargeable batteries. The AC
version weighs less than 22 pounds in-
cluding accessories; the AC/DC model
with built-in battery recharger weighs
30 pounds including accessories and
batteries. Dual vertical input amplifiers
cover major use areas with 23-ns rise-
time and DC-to-15 MHz bandwidth over
the 10 mV/div to 20 V/div deflection
range. 1 mV/div deflection factor with
5 Hz-to-5 MHz bandwidth is provided on
Channel 2. Sweep rates are 0.5s/div
to 0.5 us/div, extending to 50 ns/div
with the X10 magnifier. The Type 422 is
mechanically and electrically designed
to withstand rugged environments.

Type 422 Oscilloscope
(AC version) ............... $1450
Type 422 MOD 125B Oscilloscope
(AC/DC without Battery Pack) . $1800
Battery Pack for Type 422 MOD 125B
(order 016-0066-02) ......... $ 125

TYPE 323
DC to 4 MHz
AC, DC,
or Battery
Powered

Internal batteries provide up to 8 hours
of continuous operation and are re-
chargeable from the AC line in approxi-
mately 16 hours. The Type 323 may
also be powered from the AC line or
external DC. Bandwidth is DC to 4 MHz
and deflection factor is 10 mV/div to
20 V/div. 1 mV/div deflection factor at
2.75-MHz bandwidth is provided for
viewing low-level signals. Sweep rates
are 1s/div to 5 us/div extending to 0.5
us/div with the X10 magnifier. A single-
control knob permits automatic or man-
ual level sweep triggering, positive or
negative slope. The compact Type 323
weighs 7 pounds including batteries and
is designed for field environments.

Type 323 Portable Oscilloscope
with batteries ............... $925

Tektronix, Inc.

committed to progress in waveform measurement
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How to save
on relays

A quotation from Line
Electric includes lots of

values that add to the total
savings possible.

deliveries to meet your
production line schedules.
O Line offers excellent
engineering help free.

O Line maintains the highest
manufacturing standards in

the industry

Add these values together
and you get all-round
savings on your relay
purchases. Not to mention
the headaches you can avoid.

Won’t you check us out
and see how much better
you can do at Line? Send for

= free copy of our new 1969

catalogue containing all the
most frequently used indus-
trial type |
relays. We
guarantee
you’ll learn
something
to your
advantage.

In a hurry, call (201)
887-8200 and ask for Relay
Sales Manager. We like to
do business by phone.

LINE ELECTRIC COMPANY, U.S. Highway 287, Parsippany, N.J.

Manufacturers of relays and the best service in the business.
SUBSIDIARY OF THE SINGER COMPANY
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ARNOLD

EH? HOW’S THAT AGAIN? When a telephone was truly a luxury
and you had to bend both ears to understand the guy on the next block,
you paid for it in spades. Today, your friend comes through clear

as a bell—from across the continent—thanks to repeater coils that
reamplify the gab and Arnold MPP loading cores that eliminate cross
talk between closely spaced wires. Elsewhere in communications, Arnold
supplies iron-powder and soft ferrite threaded cores for radio/TV,

tape cores as circuit inductors and Alnico magnets for a host

of communication uses.

Forward-looking manufacturers always look to Arnold for high-quality
magnetic materials, design, technology, components. Magnetic cores.
Powder cores. Laminations. You ask. We’ll supply. The best in
magnetic materials.

Other Arnold products are also widely used in communi-
cations: Soft ferrite corese Tape and Bobbin cores e Alnico
and Arnox® permanent magnets ¢ Supermendur cores.

Write for your free guide to the only complete line of magnetic materials.

ARNOLD

SPECIALISTS IN MAGNETIC MATERIALS

The Arnold Engineering Company, Main Office: Marengo, Ill.
Branch Offices and Representatives in Principal Cities

INFORMATION RETRIEVAL NUMBER 29



can show you how to put showmanship in your designs.
You, too, can lure excited users to your next product.
The secret is ‘involving’ them in its operation.

by Roger Kenneth Field

The Friendly Grey Computer isn’t friendly, nor
is it a computer. Its grey paint is chipped here
and there, and streaked where apparently some-
one once tried to oil it. The aging contrivance
contains no logic and no memory. But were it
able to tell its tale, what priceless advice it could
relate to design engineers.

The Friendly Grey Computer and the other
curious devices presented here are early examples
of an entirely new design style that has been
termed—erroneously, if you stop to think about
it—electronic art. Obviously these gadgets will
never rank with the great art treasures of West-
ern civilization. And their electronic sophistica-
tion hardly gives evidence of NASA funding. But
they are entertaining. In fact, entertainment and
human involvement are the goals of this quasi-
technological semi-art. At more and more
museums and galleries these designs are becom-
ing star attractions.

And therein lies the lesson for working engi-
neers. Involvement and entertainment are meas-
ures of success for nearly every object used by
humans, not just art. What is it about these “art”
gadgets that people like? Think of your favorite
instruments. Do you enjoy watching the flicker
of their Nixies? Feeling their probes? Shrinking
a waveform as you twiddle a knurled knob?
That’s what this new design style is all about.
Its creators call it participatory environmental
electronics.

A design engineer, busy with equations in an
isolated laboratory, can easily forget that the
users of his designs are people. And people like
excitement—devices that light up, dance or whir
in response to touch There’s a message in this
for the designer who would succeed in the
marketplace: Is your equipment exciting? Do
people become “involved” with it?

Edward Kienholz’s Friendly Grey Computer
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(1965) is one of the earliest examples of this new
design style, and it is still an extremely popular
attraction at exhibits of technological art. Recent-
ly, for instance, at New York’s Museum of
Modern Art, Keinholz’s homely contraption—
standing among Rauschenbergs, Oldenburgs and
Tinguelys—was rarely surrounded by fewer than
half a dozen spectators. Many waited 15 minutes
or more for a chance to read an incredibly com-
plicated set of directions on the computer’s soiled
faceplate before attempting to extract the solu-
tion to a problem.

The absurd directions implored the user to
write on the computer’s stack of cards a question
that lends itself to a “yes” or “no” answer. Next,
the user is directed to ‘“program the computer
heads (C-20 and G-30) by setting dials in appro-
prite positions.” (The heads are actually shells
of an old capacitance-resistance bridge and an old
signal generator, both made by General Radio.
Just what constitutes an appropriate position is
left to the problem solver’s imagination.) Then
the user speaks his question into the receiver in
a clear voice, dings the dinger and waits for an
answer. According to the directions:

Flashing wyellow bulb indicates positive an-

swer. Flashing blue bulb indicates negative

answer. Green jewel button doesn’t light, so
it will not indicate anything. Computers
sometimes get fatigued and have nervous
breakdowns,; hence the chair for it to rest in.

If you know your computer well, you can tell

when it’s tired and sort of blue and in a

funky mood. If such a condition seems immi-

nent, turn rocker switch on for ten or twenty

minutes. Your computer will love it and work
all the harder for you.

In fact, the blue light is connected to the main
switch; consequently the computer appears to
meditate until the blinking mechanism warms up

ELeEcTRONIC DESIGN 6, March 15, 1969
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The moving hand holds a permanent
magnet that contorts and washes out
the patterns on the screen. Called
““++v/Rondo Electronique”’ (1966-
1968) by its creator, Nam June Paik,
the work’s complex colorful Lissajous
figures entrance onlookers. ‘‘Some-
day,”’ says the Korean artist, ‘‘artists
will work with capacitors, resistors
and semiconductors as they work to-
day with brushes, violins and junk."

Nudity suggests involvement in a
work by artist Robert Phillips and
engineer Thorne Macdonald, who
created this responsive girl with
sculptured plaster, a cathode-ray
tube, magnetic tape loop and driver
amplifiers. True to the piece’s title,
‘‘Speak That | May See,” the tube
displays patterns that explode and
implode in time to sound that comes
through speakers near the figure's
feet.

Flashes catch the undulating rods
and the pulsing strobes speed up or
slow down, depending on the amount
of noise in the vicinity. A loud clap
of the hands makes the rods appear
to quiver. The work, ‘‘Cybernetic
Sculture,’”” was created by artist Wen-
Ying Tsai and engineer Frank T.
Turner for a recent competition spon-
sored by EAT (Experiments in Art and
Technology).
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The living switch is a plant that is part of a piece by Thomas Shannon called
“Squat.” When the leaves are touched, movement of the roots triggers the
transparent amplifier, which causes a three-legged erector-set-like structure
to undulate.

Music moves the laser beam that shines on a rotating card, producing three-
dimensional patterns. ““ELLI (Electronic Laser Light Image)'’ by artist John
William Anthes and engineer Tracy S. Kinsel, allows an observer to control
the beam with knobs on the panel.
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and then answers no to all ques-
tions. Yet because of the but-
tons and knobs, and the compli-
cated instructions, users rarely
discover this fact. And fascinat-
ed by the intriguing apparatus,
they frequently lavish a sub-
stantial portion of their museum
visit on the computer, fidgeting
with its dials, mumbling into the
telephone handle (which is elec-
trically connected to nothing
whatsoever), dinging the dinger
and scrawling urgent questions
on the cards, such as the follow-
ing:
Did Pamela hurt her knee?
Will I get married? Am I
an idiot for going through
with the directions? Does
Mao Tse Tung smoke pot?
Am I a girl? Are you a
fake? If a radio is broken,
can it still be called a radio?
Are you silly? For all “n,”
are there x, y and z such
that xn | yr — 2zn?

All the above questions, of
course, were answered in the
negative, including one that was
nervously written on the back of
a card: “Am I pregnant?”’

The secret to the computer’s
success at entertaining partici-
pants is that it keeps the mind
busy and the hands occupied.
The written card, for example,
serves no purpose other than to
send the participant searching
for a pencil. The telephone re-
ceiver keeps the vocal cords ac-
tive. And the dinger, otherwise
irrelevant to the whole process,
attracts attention and lures par-
ticipants to the computer.

Contortions for cathode-ray tube

There are, of course, more
sophisticated ways of encourag-
ing human participation with
inanimate objects, and many in-
volve more electronics than
dinging dingers. One such
method makes use of a cathode-
ray tube and is especially effec-
tive when a color tube is used
to display moving forms (see
The moving hand). The artist
who has been exploring the en-
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vironmental use of cathode-ray
tubes is a Korean named Nam
June Paik. The secret to his de-
sign success is that he usually
includes a magnet, which the
observer can use to alter the dis-
played pattern should he choose
to do so.

Keep your eye on the package

There’s no reason to believe
that cathode-ray tubes and other
electronic components must be
placed in rectangular, pastel-
colored boxes. In fact, humans
tend to gravitate toward color-
ful rounded packaging configu-
rations, such as those made pos-
sible by the use of day-glow
paints, molded plastics and
pressed metals. To be sure, de-
signers need not exploit the full
limit of modern sculpting in
their quest for user participa-
tion (see Nudity suggests in-
volvement), but how about a
round oscilloscope with pink
knobs, a purple screen and psy-
chedelic decals to keep away evil
spirits?

In the blink of a strobe

Another attention-getting fea-
ture that has eluded the design
engineer is the flickering strobe.
Blue-white flashes of light are
already an essential visual ele-
ment in environmental night-
clubs, discotheques, happenings
and sensory palaces. And they
can be just as entertaining in
electronic equipment.

The most advantageous way
to use strobe lights in a design
is as a reward. Wouldn’t a lab
full of electronic instrumenta-
tion be a more interesting place
if a good reading on, say, a fre-
quency counter were followed by

a volley of dazzling strobe
flashes.
Another way to use the

strobes (see Flashes catch the
undulating rods) is to vary
their frquency to “extract” vari-
ous motions from uniform me-
chanical vibrations. The beauty
of changing the strobe frequen-
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cy, rather than the frequency of
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