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Interactive computing is leading The way in which intellectual
toward new modes of thinking work is performed may change
and of solving problems. Human as a result of programs like the
Imagination is backed up by a Stanford Research Institute one
computer’s speed and memory. illustrated here. See page 25.




Type X601PE Metallized Mylars
typify TRW's stature in advanced
metallized dielectrics.

They're smaller and lighter...
metallized! Tough and rugged...

...stand tall

epoxy sealed! ldeal for printed cir-

cuits...save space!

TRW offers many additional
styles and dielectrics for demand-
ing Military and Industrial needs.

INFORMATION RETRIEVAL NUMBER 232

Product information is available
from TRW Capacitor Division, TRW
INC., Box 1000, Ogallala, Nebraska.
Phone (308) 284-3611. TWX: 910-
620-0321.

TRW




THE COUNTER REVOLUTION GOES ON AT HP

Feature for feature,
you cant find

a better

universal counter

The new Hewlett-Packard 5325B Universal Counter
gives you more counting features for your money
than any other counter. And its extreme flexibility lets
you do all the jobs a counter can do without plug-in
accessories. Measure frequency to 20 MHz, time in-
tervals from 100 ns to 10° s, and period, multiple
period, ratio and multiple ratio. Time interval stop
and start signals can be from common or separate
inputs, with separate trigger level, slope and polarity
controls for each.

Only the 5325B guarantees a very narrow trigger
level threshold band—Iless than 1.0 mV—to prevent
false counts when the trigger level setting is marginal.

Integrated circuits designed specifically for electronic
counters simplify internal wiring and reduce primary
power requirement to less than 35 watts. Therefore,
the 5325B requires no cooling fan and operates from
50 Hz to 400 Hz power.

Another feature is readout blanking: it blanks all

53258 UNIVERSAL COUNTER
MEWLETY « PACKARD

BASE/MULT IPLIER
m"w‘é omy 4 oves

zeros to the left of the most significant digit—simpli-
fies and speeds readout interpretation.

Still another: it generates two types of oscilloscope
markers, which not only mark the start and stop
points of an interval, but also intensify the entire
measured segment when desired.

One more thing. Some counters can give you wrong
time interval answers when the time interval stop
signal unknowingly disappears or its trigger level is
set too high. The 5325B won’t respond incorrectly
under such conditions—it will simply keep counting
and not present a new reading.

These features, together with standard remote pro-
gramming, BCD output that's stored for recording
and readout while a new measurement is made, sam-
pling rate down to 100 us, 0.1 us—10 s gate time,
and excellent time base stability make the new 5325B
Universal Counter an outstanding instrument. Yet the
price is only $1300.

Call your local HP field engineer for more details. Or

write Hewlett-Packard, Palo Alto, Calif. 94304;
Europe: 1217 Meyrin-Geneva, Switzerland.

02828

HEWLETT ﬁ PACKARD

ELECTRONIC COUNTERS
INFORMATION RETRIEVAL NUMBER 2




Systron-Donner’s new portable counts every cycle at frequencies right up through
500 MHz. It’s the sure, simple way to measure the higher frequencies because it’s fully
automatic —no more heterodyning, no more tuning, no more calculating.

Model 7015 costs only $1975 —$300 less than equipment using the older heterodyne
techniques. So you get instant final-answer readings and save money too.

This new portable can be yours with a wide choice of oscillators, ranging in stability from
the standard 3 parts in 107 per week to ultra-high stability of 5 parts in 10" per 24 hours.

For complete information contact Measurements Division, Systron-Donner Corporation,
One Systron Drive, Concord, California 94520. Phone (415) 682-6161.

First portable with
top counting range: 500 MHz!

MODEL

[ ATTENUATOR -
1 10 100 DC
RECYCLE RATE R .

PRESET A
Q.

+

\

TRIGGER

7015 COUNTER

SYSTRON e+ DONNER
Another first.
One 01135
Systron-Donner
instruments

Electronic counters
Pulse generators
Microwave frequency
indicators
Digital clocks
Memory testers
Digital voltmeters
Time code generators
Data generators

Analog computers
Digital panel meters
Microwave signal
generators
Laboratory magnets
Data acquisition
systems
Microwave test sets
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an hour than you can use in a month.

We can make any hybrid, in any quantity, using any
method: Thick film. Thin film. Thin film on silicon.
We can make them faster than anyone in the indus-
try. And deliver them quicker to anyone in the world.
We’ll take any functions you need and package them
any way you want. Our list of hybrid components has

4
¢
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For your less complex applications, we have a line
of off-the-shelf standard hybrids priced like discretes.
If this commitment makes sense in general, we’'d

like to send you the whole story in detail. Our
brochure is called Fairchild Hybrid Microcircuits.
It can give you more ideas in an hour than

everything from a simple diode to a complex LSI array. you could use in a year. Write for it. ——
FAIRCHILD
Fairchild Semiconductor/A Division of Fairchild Camera and Instrument Corporation//313 Fairchild Drive, Mountain View, California 84040 (415) 962 7011 TWX 910 279 6415 SEMICONDUCTOR
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circuitl

problems?

Signalite Glow Lamps have
solved problems in these areas:

e Voltage Regulation & References ¢ Photo-Cell Drivers ¢ SCR Triggering
e Timing e Photo Choppers e Oscillators e Indicator Lights ¢ Counters

e Voltage Dividers e

Surge Protectors e

Logic Circuits e

Flip-Flops

e Memory e Switching e Digital Readouts

Signalite glow lamps combine long life, close tolerance and economy, and are
manufactured with a broad range of characteristics to meet individual applica-

tion requirements. For a creative approach to your design problem . ..

Signalite’s Application Engineering Department.

ULTRA HIGH LEAKAGE RESIST-
ANCE. Devices with leakage
resistance in excess of 102
ohms are available for circuits
requiring this property. Such
applications would include sam-
ple and hold for A to D con-
version, and capacitor memory
systems.

SEE Signalite Application News
for TYPICAL APPLICATIONS

VOLTAGE REGULATORS BETTER
THAN 1% ACCURACY These

subminiature voltage regulators

are used in regulated power
supplies, as reference sources,
photomultiplier regulators, os-
cilloscopes calibrators, etc.
They are available in voltages
from 82 to 143 V. They are used
in multiples as regulators in
KV ranges.

See Signalite Application News
for TYPICAL APPLICATIONS.

PHOTO-CELL APPLICATIONS
The A074 and A083 have been

I —I1—1designed for use with Cadmium .

ISulflde or. Cadmium Selenide
photocells Applications include
Iphoto choppers, modulators, de-
=modulators, low noise switching
|devices, isolated overload pro-
tector circuits, etc. Speed of
| Operation is Ilmlted only by the

Rk _jphOtO cells.

SEE Signalite Application News
for TYPICAL APPLICATIONS

NEON TIMERS The bi-stable
characteristics and high leak-
age resistance of Signalite's
special glow lamps make them
ideal as a component for tim-
ing circuits. The basic circuit
resembles a relaxation oscilla-
tor network.

SEE Signalite Application News
for TYPICAL APPLICATIONS

INFORMATION RETRIEVAL NUMBER 5
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SIGNALITE
APPLICATION NEWS

is used to communicate

new and proven tech-

niques and applications

of Signalite’s neon

lamps and gas dis-

charge tubes. Signalite

Application News. pro-

- vides a forum for an

exchange of ideas to keep the design
engineer aware of the versatility of
neon lamps and their many applications.
Copies are available from your Signalite
representative or by contacting Signalite.

INFORMATION RETRIEVAL NUMBER 95

INCORPORATED

NEPTUNE, NEW JERSEY 07763

(201) 776-2490

A General Instrument Company

313
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with your
reputation at stake,
which resistor line would you specify?

take a close look—therell be no question

Manufacturer X

Manufacturer Y Manufacturer Z

The above illustrations are from unretouched photomicro- A-B hot-molded fixed resistors are available in all standard resistance
graphs taken of four 14-watt fixed resistors. Compare the Vvalues and toleranc‘es, plus values above and bt.elow star.lc.jard limits.
anchoring of the leads, the seal provided by the insulating A-B hot-molded resistors meet or exceed all applicable military speci-
3 3 ¢ i fications including the new Established Reliability Specification.
Jjacket at the ends, the homogeneity of the resistance material,  gown actual size.

the sharp color code bands—and decide for yourself.

ame
TyPe BB 1/8 WATT

For more details on Allen-Bradley hot-molded resistors, TYPE CB 1/4 WATT -

please write for Technical Bulletin 5000: Allen-Bradley R OEE T WS -
Co., 1344 South Second Street, Milwaukee, Wis. 53204. =_—_,
In Canada: Allen-Bradley Canada Ltd. Export Office: TYPE GB 1 WATT LSl

630 Third Avenue, New York, N. Y., U.S.A. 10017. _'w
1067E-4 TYPE HB 2 WATTS ‘“

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS




Dual Darlington
diff amp array

RCA-CA3050 and CA3051 now offer the cir-

cuitdesigner another significant opportunity

to work with the inherent device match of

monolithic construction PLUS the flexibility

of RCA building-block arrays. On asingle

chip,inadual-in-line package,eachtype offers:

« independently accessible inputs and
outputs

» diode temperature compensation of
constant-current-transistor bias

« high input impedance—460 Ko typ

« low input offset current—70 nA max

» low offset voltage—5 mV max

« low input bias current—500 nA max

Get the feel of real design freedom with

CA3050 or CA3051 for matched dual

amplifiers, dual sense amplifiers, dual

Schmitt triggers, doubly balanced detec-

tors and modulators, and a multitude of

applications that call for matched device

performance from DC to 20 MHz.

For more information, contact your local

RCA Representative or your RCA Distribu-

tor. For technical data, write RCA Electronic

Components, Commercial Engineering,

Section ICG-2-1, Harrison, New Jersey 07029.

Ask About These Linear Transistor Arrays from RCA

CA3018 Darlington pair, plus

2 independent transistors $ .98 (1,000 units)
CA3018A Tight-spec version of CA3018 $1.35 (1,000 units)
CA3026 High gain dual diff ampl

array for DC to 120 MHz $1.25 (1,000 units)
CA3036 Dual Darlington array $ .89 (1,000 units)
CA3045 Darlington pair plus 3 tran-

sistors in dual-in-line

ceramic package $1.50 (1,000 units)
CA3046 Dual-in-line plastic package

version of CA3045 $ .98 (1,000 units)

RCA-CA3050in 14-lead dual-in-line ceramic pkg $2.25 (1000 units)
RCA-CA3051 in 14-lead dual-in-line plastic pkg $1.65 (1000 units)

Integrated
Circuits

INFORMATION RETRIEVAL NUMBER 7
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SON OF THE QUIET ONE

You know The Quiet One.

The potentiometer that's four times as
noise-free as the Allen Bradley Series J.
And twice as linear. And longer lasting.

Well, would you believe it2
The Quiet One has just fathered a
potentiometer with exactly the
same traits — except size.
Daddy: 1%e” diam., 2 watts.
- - Sonny: %” diam., 1 watt.
i . Otherwise, like father like son.
= Want to find out more?
Write Clarostat,
+ Dept. 102,
Dover, N.H. 03820.
) It's pretty big news.
In a quiet, little way.

. CLAROSTAT



LAMBDA ANNOUNCES
the new EE power package

with the highest power available in a half-rack module!

NEW UP TO 150 VOLTS/UP TO 33 AMPS/
“EE"” MODULE ———; ONLY $320
NEW
OVERVOLTAGE ——
PROTECTOR
NEW
RACK ADAPTER
mounts
2 “EE" modules
or
up to 8 “A" modules
or

up to 8 “B" modules

NOW THERE ARE 7 VERSATILE 5 YEAR-GUARANTEED CONVECTION-
COOLED LM SERIES MODULES—IN STOCK—ONE DAY DELIVERY.

FEATURES OF NEW “EE” POWER PACKAGE Package EE 45" x 7%2” x 17"
® MEET MIL. ENVIRONMENT SPECS
i i f meeting milita WIDE RANGE
rse%euﬁ:'feymlég?;bda with assurance of meeting ry DT VoL ] MAX AMPS AT AMBIENT OF: (1)
* RFI—MIL-1-16910 « Vibration: MIL-T4807A Mode! RANGE VDC | 40° 50° 60° 71° Price
» Shock: MIL-E-4970A Proc. 1 & 2 LM-EE-0-7 0-7 16 13.5 11.2 9.2 $320
* Humidity: MIL-STD-810 Meth. 507 LM-EE-0-14 0-14 702 86 73 51 320 |
» Temp. Shock: MIL-E-5272C (ASG) Proc. 1 IM-EE032 e 55 7 o ) 350
« Altitude: MIL-E-4970A (ASG) Proc. 1 : 2 : 2 5
« Marking: MIL-S1('D-1‘30 ~)Qua|ity: MIL-Q-9858 LM-EE-0-60 0-60 2.7 245 2.15 1.85
Fungus Proofing (optional):
all models available with MIL-V-173 varnish for all FIXED VOLTAGE
fungi nutrient components at $10.00 surcharge. ADJ. VOLT. MAX AMPS AT AMBIENT OF: (')
e THERMALLY PROTECTED AND Mode! RANGE VDC| 40°C 50°C 60°C 71°C Price?
SHORT CIRCUIT PROOF Lm-EE-‘J - 3 8t5°/- 33.3 2:.2 ::.g fg.: z
® NO VOLTAGE SPIKES OR OVERSHOOT L ML P P 2 ac : :
on turn-on, turn-off, or power failure. t:z:_: - : ;:’;’ :3-3 :f-g :;'z ::: :
® WIDE INPUT VOLTAGE AND FREQUENCY RANGE Sl S : . : :
105-132 VAC, 45-440 Hz with 10% derating for 50 Hz EMEES 5 £5% 310 2.6 208 17.3 320
operation. (205-265 VAC, optional at no extra charge). LM-EE-6 6 *5% 30.0 24.6 20.8 17.3 320
® LINE REGULATION: .05% + 4mV t:-::-:o 12 1:’/- Z&g 1;35 ::-: ::-: ::
-EE- *5% 4. 4 5 ;
¢ LOAD REGULATION: .03% + 3th LM-EE-12 12 *5% 21.0 19.0 16.1 132 320 |
® RIPPLE AND NOISE: 1mV rms; 3mV p-to-p INEETS e 00 Y E 7 )
® TEMP COEFF.: .03% /°C LM-EE-18 18 5% 165 148 12.4 10.1 320 |
¢ HIGH PERFORMANCE OPTION LM-EE-20 20 *5% 15.2 13.7 1.8 9.7 320 |
All models available with these specifications at $15.00 LM-EE-24 24 *5% 14.0 125 10.8 9.0 320
surcharge: LM-EE-28 28 *5% 13.0 115 9.8 8.2 320
LINE REGULATION: .01% + 1mV LM-EE-36 36 *5% 10.4 9.8 8.6 71 —320 |
LOAD REGULATION: .02% + 2mV LM-EE-48 48 =5% 7.7 71 6.5 5.4 320
RIPPLE AND NOISE: 0.5mV rms; 1.5mV p-to-p LM-EE-100 | 100 5% 33 3.0 25 2.1 350 |
with 60 Hz input LM-EE-120 | 120 =*5% 30 2.7 29 1.9 350
TEMP COEFF.: .01%/°C LM-EE-150 150 *5% 22 2.0 1.75 1.50 350
, NOTES:
NEW ACCESSORIES FOR “EE” PACKAGE I Current rating Ié fromtzerg tol mﬁx. ?urrpnt Iatlnﬁ app%ess%ée(l:gllsrg gglaul
L ) rin; - - D
E;Xk7kd5?},:|rs v ”, ‘ézlfagse;:?ugﬁ atugggsr;zngdealgfe ?0% :aalrjrg.voFoarg:perauon at 360-440 sz
B0 x.19"W x 21”D. Price $70.00 consult factory for ratings and specifications. For 50 Hz operation derate 10%.
® Chassis Slides 2 P;;Ices F.g.hB. :actﬁ::);, Melville, N. Y. All specifications and prices subject to
Add suffix “-CS” to LRA Model number and add $50.00 change without notice.
to price.
o P P I Write, wire, or call to order direct, for information, or for new Lambda
5;’,‘,‘)(‘8%,, Metered panel MP-50. Price $55.00 ;ow:r zupplies catalog. LAMBDA Electronics Corp., 512 Broad Hou;m
-50. / , Melville, L. I., 5 . , TWX
5%"” x 8%” Non-metered panel P-50. Price $35.00 24, e.v' i Py YOk ZATAG TEL- DA G-E0AA200 e

Add $10.00 for fungus proofing.
® Overvoltage Protectors

224-6484
LM-OV-7 3-8V 476"H x 2'%6"W x 1'%”D  $75.
LM-OV-8 6-20V 47¢"H x 2'%"W x 1!¥%s”D  75.
LM-OV-9 18-70V 47"H x 2'%"W x 1'¥%6”D ~ 75.
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Surprise package

(1"x

It's a completely new way to display digital information. The
Hewlett-Packard solid state numeric display packs everything
in one, small unit only 1”x 0.5”x 0.16". Gallium arsenide phos-
phide diodes and an IC driver/decoder chip deliver bright red
numerals —bigger than life, visible for yards.

This new “total package” also gives you the edge on cost. You
don’t have to buy driver elements, or anything else. No special
interfacing is needed. Only four line 8-4-2-1 BCD input and less
than five volts to drive it. The modules are available in three-
character packages, too.

The Hewlett-Packard solid state numeric display is ideal for in-
struments requiring smaller, tighter display panels. Or any ap-

1 14 1 1/4
/z X /10

plication demanding either low power or resistance to shock
and vibration, without catastrophic failures.

Get more information about the new technology for numeric
indicators. Call your local HP field engineer or write Hewlett-
Packard, Palo Alto, California 94304; Europe: 1217 Meyrin-
Geneva, Switzerland.

HEWLETT hw PACKARD

SOLID "STATE DEVICES

01810
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MONSANTO COUNTER - TIMER

.iﬁ

Universal; extended range

7 nanosecond pulse resolution
Full 50 MHz counting
Programmability, BCD output...

all for only $1285.

Our new model 110A offers you a
broader range of operational advantages
than any other counter/timer in its
price range.

Front-panel functions are tailor-
made for programming with our Model
501A Programmer (shown at right) or
can be readily selected by virtually any
contact-closure or logic-level source.

The extended frequency range,
dc to 50 MHz, of the Model 110A to-

MODEL 501A DIGITAL PROGRAMMER

gether with such ad-

to expect from Mon-

vantages as: provi-
sion for use of an o
external time base;

santo. The price is
- - only $1285.00, FOB
West Caldwell, N. J.

internal time base,

marker, and gate outputs; the inherent
reliability of our “4th generation” inte-
grated circuit design, plus our usual
2-year warranty all combine to assure
you the versatility, the reliability, and
integrity of performance you have come

Eighth digit optional.
For a demonstration, or for full tech-
nical details, call your local Monsanto
Field Engineer or contact us directly at
Monsanto Company, Electronic Instru-
ments, West Caldwell, New Jersey
07006, (201) 228-3800.

Monsanto




Who Built

the Converter
sed on the
rmy’s Minigun?

Abbott did. Out of 931 converters
delivered during 14 months, only two
were returned for repair. Maybe
that’s the reason, Abbott’s Model-
BL5D-11A converter was selected as
a power supply for installation in the
SUU-11A /A minigun system, used
on helicopters in Vietnam. This
system employs a 7.62 millimeter
minigun pod with firing rates of 6000
rounds per minute and therefore
demands high reliability. This Abbott
converter has an MTBF (mean time
between failures) of 129,379 hours
as calculated from the MIL-HDBK-
217 handbook.

Abbott power modules use only the
highest quality semiconductors and
MIL-T-27B transformers in their
construction to obtain the high degree
of reliability under tough environ-
ments demanded by today’s military
requirements. To withstand heat sink
temperatures of 100°C all silicon
semiconductors are used exclusively.

High density electronics packag-
ing, coupled with good design, give
Abbott power modules a minimum
size and weight for their rated power

Please write for your FREE copy of this new
catalog or see EEM (1968-69 ELECTRONIC
ENGINEERS MASTER Directory), Pages
1727 to 1740.

abbott transisior]

LABORATORIES., INCORPORATED

5200 W. Jefferson Blvd./Los Angeles 90016
(213) WEbster 6-8185 Cable ABTLABS

output. One group of Abbott’s DC to
DC converter line, for example, the
Model BO5D, is smaller than a pack-
age of cigarettes, weighs less than a
pound and produces five watts of
regulated output voltage. All of the
models described in the Abbott Cata-
log have correspondingly small sizes
and weights.

If you have a need for a reliable
converter, inverter or modular power
supply, take a look at Abbott’s. There
are over 3000 models listed in their
new catalog. They are built to oper-
ate in military environment of MIL-
E-5272C at 100°C. They include
output voltages from 5 volts to
10,000 volts DC with output currents
from 2 milliamperes to 20 amperes.
A wide range of different types of
input power is available:

604 to DC, Regulated
4004 to DC, Regulated
28 VDC to DC, Regulated
28 VDC to 40045, 1¢ or 3¢
6045 to 40045, 1¢ or 3¢

TO: Abbott Transistor Labs., Inc., Dept. 07
5200 West Jefferson Bivd.
Los Angeles, California 90016
Sir:
Please send me your latest catalog on power
supply modules:
NAME DEPTH
COMPANY
ADDRESS

CITY & STATE
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Designer’s
Datebook

MARCH 1969 APRIL 1969
Sun | Mon| Tue | Wed | Thu | Fri | Sat
1 Sun| Mon| Tue| Wed| Thu| Fri | Sat
2| 3| 4| 5| 6] 7| 8 11219415
9[10|11 |12 |13 |14 |15 6 7 8| 911011 |12
16|17 (18 [19 |20 | 21 | 22 13 (14| 15|16 |17 |18 |19
23|24 |25 |26 |27 |28 |29 20 | 21| 22|23 |24 |25|26
30|31 27 | 28| 29|30
For further information on meet-.

ings, use Information Retrieval Card.

Feb. 19-21
Solid-State Circuits Conference
(Philadelphia) Sponsor: IEEE,

Univ. of Pennsylvania; L. Winner,
152 W. 42 St.,, New York, N. Y.
10036

CIRCLE NO. 433

Mar. 12-14

Microwave Technique Conference
(Cologne, Germany) Sponsor:
IEEE; H. H. Burghoff, Strese-
mann Allee 21, VDE-Haus, 6
Frankfurt/Main 70, Federal Re-
public.

CIRCLE NO. 434

Mar. 24-27

IEEE International Convention
(New York City) Sponsor: IEEE;
J. M. Kinn, 345 E. 47 St., New
York, N. Y. 10017

CIRCLE NO. 435

Mar. 25-27
Conference on Lasers and Opto-
electronics (Southampton, Eng-

land) Sponsor: IEE; IEE, Savoy
Place, London W. C. 2, England.
CIRCLE NO. 436

Apr. 15-18

International Magnetics Confer-
ence (Amsterdam, the Nether-
lands) Sponsor: G-MAG; U.F.
Gianola, Bell Telephone Labs.,
Murray Hill, N.J. 07971

CIRCLE NO. 437

Apr. 16-18

Geoscience Electronics Sympo-

sium (Washington, D. C.) Spon-

sor: G-GE; Maurice Ringenback,

Weather Bureau, ESSA, Gramax

Bldg., Silver Spring, Md. 20910
CIRCLE NO. 438
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Flex1ble flat cable

AMPUNYT* CONNECTOR matches flat cable’s unique

requirements—with mating, machine-applied contacts in a specially
designed connector housing. Just cut your cable to the required
length. That's all the preparation you need. High speed machine
crimps insulation-piercing contacts to the cable automatically at rates
up to 5000 per hour. Contacts then simply snap into housing for
cable-to-cable, cable-to-board and cable-to-round wire connections.
9 through 33 circuits. Mates with AMPMODU* Connectors and
Miniature Spring Sockets and AMP-UNYT Box Contact

Receptacle Connectors.

Simple. Fast. Lowest total installed cost of anything on the
market. Matches IPC-FC-218. For complete details write:

AMP INCORPORATED, HARRISBURG, PA. 17105.

ANMP

INCORPORATED

Trademark of AMP Incorporated




Logic Designers:

Help IBM develop large-scale
data processing systems.

We need Logic Designers to develop the hard-
ware for large-scale scientific systems, designed
to solve complex problems having extremely
large computational loads. Loads that are found
in such areas as weather forecasting, radiation
burst effects, or signal processing.

Imaginative new concepts.

Advanced concepts in system architecture are
being explored to achieve exceptionally high
data processing rates.

You would work on the design and develop-
ment of systems hardware and its integration
into the overall system.

If you qualify, you could get in on the ground
floor of important advances in large-scale com-
putation.

You should have an E.E. degree (or its equiva-
lent) and two years’ experience in large-scale
scientific or commercial data processing sys-
tems, including logic design.

Grow with IBM.

This development program is just one of the
many we have at IBM’s Federal Systems Divi-
sion, located near Washington, D.C.

For example, we are deeply involved with the
manned space program. Working on systems to
analyze delicate seismological disturbances. And
designing many new real-time, on-line informa-
tion systems.

It has been these kinds of advanced programs
that have kept IBM a leader in the information
processing industry.

Call or write.

Learn more details. Call Jim Dunn at (301)
921-7724 collect any weekday between 9 and
4:30. Or, if you prefer, send a brief letter or re-
sume to him at IBM Corporation, Federal Sys-
tems Division Headquarters, Dept. CB1020
18100 Frederick Pike, Gaithersburg, Md. 20760.

An Equal Opportunity Employer
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product report
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NEW 25-ps samPLING
35-ps TDR, 18-GHz TRIGGERING . . ..

. . and MORE!
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please turn page for additional

Type S-4
25-ps RISETIME
The new Type S-4 Sampling Head fea-
tures a 25-ps risetime, DC-to-14 GHz
bandwidth, and a 50-Q input impedance.
This step-ahead measurement capability
gives increased detail and resolution
when making fast pulse measurements.
Type S-4 Sampling Head .......... $795

Type S-50
25-ps PULSE GENERATOR
The new Type S-50 Pulse Generator
Head has a 25-ps risetime, +400 mV
amplitude and a pulse duration of 100
ns. The Type S-50 and Type S-4 com-
prise a high-resolution, 35-ps TDR

measurement system.
Type S-50 Pulse Generator Head

Type S-51
18-GHz TRIGGERING
The new Type S-51, 1-to-18 GHz Trigger
Countdown Head provides stable oscil-
loscope triggering to 18 GHz. With the
Type S-4 Sampling Head, stable dis-
plays to 14 GHz and above are possible.
Type S-51 Trigger Countdown Head .. $450

Type S-3
SAMPLING PROBE HEAD

The new Type S-3 Sampling Probe Head
has a 350-ps risetime and an input im-
pedance of 100 kQ paralleled by 2.3 pF.
The Type S-3 is designed to measure
high impedance signal sources and is
easy to use when probing into miniature
circuits.
Type S-3 Sampling Probe Head ..

Type S-2
50-ps RISETIME
The Type S-2 Sampling Head features a
50-ps risetime with a terminated 50-0
input impedance and standard GR874
input connectors.
Type S-2 Sampling Head .......... $325

... $475

.. $395

The Tektronix Type 561B Oscilloscope
with the Type 3T2 Random Sampling
Sweep and the Type 3S2 Dual-Trace
Sampling Unit features new measure-
ment capabilities with plug-in and ex-
tendable Sampling Heads. Six Sampling
Heads are presently available offering a
step ahead in measurement perform-
ance, designed to meet your changing
measurement needs.

Type S-1
350-ps RISETIME
The Type S-1 Sampling Head is a 350-ps
risetime, 50-Q unit that combines low
displayed noise with an excellent trans-
ient response.
Type S-1 Sampling Head .......... $275

TYPE S-2
SAMPLING HEAD

| RrisemmE
(| <50ps

RISETIME

TYPE S
SAMPLING HEAD

5002
<350ps +5v MAX

information
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Making the Measurement . . . TEKTRONIX 25-ps Sampling Oscilloscope

NEW! 25-ps Risetime

The Type S-4 offers for the first time
25-ps measurement capabilities in an
oscilloscope. This state-of-the-art meas-
urement performance provides increased
detail and resolution of your fast pulse
displays. The photograph shows the
same pulse displayed with the 25-ps
Type S-4 (upper trace) and a 350-ps unit
(lower trace). Note the difference in
detail of the pulse characteristics dis-
played by the Type S-4 with its 25-ps
risetime performance.

NEW! 14-GHz Displays

For the first time, you can see displays
to 14 GHz on an oscilloscope. Using the
Type S-4, DC-to-14 GHz Sampling Head
with the Type S-51, 1-to-18 GHz Trigger
Countdown you can see how your cir-
cuit is really performing. Two Type S-4
Sampling Heads used in the Type 3S2
(XY mode) let you measure phase shift
to 14 GHz. The photograph shows the
loss due to a 3-ft coaxial cable trans-
mitting a 15-GHz signal. Sampling
Heads can be used at your signal source
eliminating losses due to cables.

NEW! 35-ps TDR System

The Type S-4, 25-ps Sampling Head and
the Type S-50, 25-ps Pulse Generator
comprise a high-resolution 35-ps TDR
System. The double exposure photo-
graph shows a comparison of a 100-
ps TDR System (upper trace) and the
new 35-ps TDR System (lower trace).
Note the better resolution with the 35-ps
Type S-4/S-50 TDR System.

Mix or Match!

Sampling Heads may be mixed or
matched. High frequency signals and
fast risetime pulses must be generated
and transmitted in low impedance cir-
cuits. The Type S-1, S-2 and S-4 Sam-
pling Heads have a terminated 50-Q
input providing excellent termination
for your fast risetime pulses and a
choice of risetime capabilities. Add
the Type S-3 Sampling Probe Head with
its 100-kQ, 2.3 pF input impedance when
it is necessary to measure high imped-
ance signal sources.

For a demonstration, call your local
Tektronix field engineer or write:
Tektronix, Inc., P. O. Box 500,
Beaverton, Oregon 97005.

A Choice of Oscilloscopes

Tektronix offers a choice of sampling
oscilloscopes designed to satisfy your
measurement needs. Select the Type
561A Oscilloscope with an 8 x 10-cm
CRT and illuminated internal graticule
for conventional displays. The Type 564
Storage Oscilloscope offers the added
advantage of split-screen storage. Stor-
age is especially useful when sampling
low repetition rate signals, making TDR
measurements and for signal compari-
son. The Type 568/230 Digital Readout
Oscilloscope provides digital readout of
measurements without operator inter-
pretation or error. Measurements in-
clude voltage, risetime, delay time, pulse
width and many other specific meas-
urements, readout directly in four-digit
resolution.

Random Sampling

Type 3T2 Random Sampling Sweep pro-
vides all the measurement capabilities
of a conventional (sequential) sampling
sweep, plus it features the added ad-
vantage of random sampling operation.
When used in the random sampling
mode, the triggering event may be dis-
played on screen without the use of
delay lines or a pretrigger. The Type
3T2 has a calibrated sweep range from
100 us/div to 200 ps/div, extending to
20 ps/div with the X10 magnifier.

Plug-ins for a Plug-in

The Type 3S2 Dual-Trace Sampling Unit
features a choice of six Sampling Heads
that provide new convenience and ver-
satility when making fast pulse meas-
urements. The Sampling Heads can be
plugged into the Type 3S2 or used re-
motely, eliminating losses due to cables.
An interchannel delay control compen-
sates for signal cables or other external
delays between channels. Select the
performance you need today and update
your measurement capabilities with new
Sampling Heads in the future.

Type 561B Oscilloscope ........ $560
Type 564B Storage Oscilloscope . $995
Type 568/230 Digital Oscilloscope $4125
Type 3T2 Random Sampling Sweep ..

............................. $1000
Type 3S2 Sampling Unit ........ $850
Type 285 Power Supply ......... $150

(powers one S-50 or S-51)
U.S. Sales Price FOB Beaverton, Oregon

Tektronix, Inc.

committed to progress in waveform measurement
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GE 4-pole magnetic-latching relay makes bow.

GE has complemented its DPDT magnetic-latching relay (3SAM) with a 4PDT version (3SBM). It is the world’s smallest
4-pole double throw 2-amp magnetic-latching relay (.610 x .610 x .320”). These relays feature a permanent magnet to
latch the armature in position once the movable contacts are switched, thus

“reset” them. (See diagram.) Contact ratings: DC resistive 2 amps at 28v., DC
inductive 0.3 amps at 28v. (L/R not greater than 0.002); AC resistive 0.5 amps at

23 1 T 16 E 115v., AC inductive 0.125 amps at 115v. (enclosure isolated from ground). Base
JEET list price of single coil 3SAM $17.50, dual coil 3SAM $19.50; single coil 3SBM $32,
1I ¥ | " 310 dual coil 3SBM $36. Slight adder for mounting choice. GE's popular family of

sealed, microminiature relays is the most complete in the industry.
Circle #242 for catalog.

Reset Terminal

Review of new catalogs.

Fairchild Semiconductor's ‘‘Discrete Device Condensed Catalog of 1969" is now available from Schweber. Within its

55 pages, you will find a complete listing of Fairchild diodes and transistors classified into specific categories which are
summarized in a table of contents. Electrical characteristics are ‘condensed’ into a single horizontal line per device with
the emphasis on ‘condensed.’ There are no performance curves, applications, or test data. For a compact, handy classi-
fication of Fairchild discrete devices circle #243. All devices in this catalog are available off-the-shelf from Schweber.
Alpha Industries offers a 2-color, 8-page brochure describing a complete line of Integrated Semiconductor Modules for
use in all types of stripline and coaxial RF structures from DC to 18 GHz. This catalog describes the electrical and

A detailed theory and applications section is provided, in addition to numerous photographs, drawings and performance
curves. All devices listed are available from Schweber. Circle #244.

A free evaluation kit.

Why be satisfied with constant-voltage under varying current conditions, when you can also get constant-voltage under
fluctuating temperature conditions? It takes a particular kind of Zener Diode to do both; namely, a temperature-com-
pensated reference diode. So...we've made up a little evaluation kit which includes a sample Motorola 1N825, an 8-page
application note on Design Considerations and Performance of 0-TC Diodes by Motorola engineers, and data sheets of
same. The kit is free from Schweber if you circle # 245.

Cannon-ITT connector guide.

“Who can assemble 100,000 different kinds of Cannon connectors in 24 hours!” Don't try to answer this question unless
you first obtain a Cannon connector guide. This will help you select the proper connector series from the four groupings
listed: Rectangular Rack/Panel; Circular; Microminiature; and Special Applications. Go to one of these four headings

in the guide. Below each heading are several blocks listing the various connector series. Check your requiremeants such
as size and number of contacts, their terminations, connector size and coupling method, and

environmental requirements. For detailed product data and ordeting information obtain the proper E

detailed catalog from Schweber. In the meantime circle # 246 for your Connector Guide.

SCHWEBER
ELECTRONICS

YOU GET THESE 24 DEVICES IN THE MCK1500 KIT: 1-24 i February, 1969
MOTOROLA TEMP VALUE* :
TYPENO.  DESCRIPITION RANGE  FOR2 The Compleat Designer by Motorola.
MC1520G Operational Amplifier ~ —55 to - 125°C $ 19.50 : :
Mgmggg gperational Amp|i;ler —55t0 + 125°g gggg Not since Izaak Walton’s Compleat Angler has anyone offered the
MC17 perational Amplifier —55t0 4 125° g : . . . . '
mgﬁggg epfraﬁo;a, Almp”ﬁer __gg < 11528 2288 I\D/It-:g}/(ggsegoasYcompleat a tracr: ofn1l;n§?fr mteg[?(t:eg circuits.as Motc;:;ola S
15 oltage Regulator —56 to ; . . You get two-each o ifferent evices covering the
MC1437L Dual Operational Amplifier - 0to 4 75°C 13.00 A 0 < g : . g /
mg}agg gmere:umlc'ompa,am, __gg to 11528 5238 nine major linear applications (see box score on left). You get a compleat
ense Amplifier —55 to o A H H : : : :
MCI711G Dual Differential Amplifier — 38 to - 123°C 36,00 techmpal ]lbrary, Ipcludlng all the data sheets, apphcatlon notes, .an.d
mg}gﬂ)lé 39?1 s:nsi_?mplmer ~gg :o Iggg gzgg selection information on the entire Motorola LIC line. You get all this in a
ideo Amplifier —55to o 3 . g

MC15546 Power Amplifier —ssto+125°C_ 2850 | Sturdy, li‘r&]lthsrtege tcarhr y:[ng CZSG t)l:at FtJff)tt:«‘r?tS;SVee{yth_lng for as long aSt

TotiiVallie S ane ol e e ] $361.00 you use the kit. But what you don't get, is the price as per curren

vcx;soo Kit Pdncg gl sz:; gg published prices. You pay only $94.50 for this compleat LIC kit now

ave (on devices alone) ........eeeevue % 1 3 ” s
g oo dac available from Schweber for immediate shipment. Circle #241 for
*As of current published prices, 1-24 quantities. more information.

P B'ue:ead 7 assuring operation from short power pulses and low power drain. The relays are
3 i + ; ; available with single or dual coil arrangements. In single coil operation, contacts
seT | are switched from one position to the other by reversing the applied ‘polarity; in
32 15 114 38 dual coil operation, one coil acts to “‘set” the contacts and the other coil acts to
3 Bl

mechanical details of several types of switch modules from SPST to SP6T, and also includes digital phase shifter modules.

-

¥

Latest news on new products and prices from Schweber Electronics, Westbury, N.Y. 11590. . . Edited by Sam Kass
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In a

270,000 pr

3"x 5% case

(This is a standard rating.
Even higher capacitance values
are possible on special order.)

POWERLYTIC" CAPACITORS ARE PACKED WITH CAPACITANCE!

Improved Capacitance Capability

Type 36D aluminum electrolytic capacitors now
have as much as 60% more capacitance in a
given case size than previously available.

Higher Operating Temperature
Improved Powerlytic capacitors may now be
operated at 85 C.

High Ripple Current Capability

Ideal capacitors for use in ‘‘brute-force’’ filter-
ing and pulse discharge applications. Single
capacitors are capable of handling up to 20
or more amps rms at 25 C, 120 Hz.

Superior Seal and Safety Vent

Beaded aluminum canis crimped onto a rubber
gasket recessed in a rigid molded cover, pro-
viding an expected operating life in excess of
ten years. Pressure-type safety vent employs
silicone rubber for reliable, predictable release
of excess pressure.

Choice of Insulating Tubes, Terminal Styles

In addition to the standard bare case, Type
36D capacitors are available with a clear plastic
tube or with a Kraftboard tube. Tapped ter-
minals in two different heights, as well as solder
lug terminals are available.

For complete technical data, write for Engineering Bulletin
343I1B to Technical Literature Service, Sprague Electric Co.,
347 Marshall Street, North Adams, Mass. 01247

SPRAGUE COMPONENTS

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS

TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS

45C-8130R1

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

Electric Co.

-
Sprague’ and '@’ are of the S|

INFORMATION RETRIEVAL NUMBER 17
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Spellbound by a graphic console, a Stanford hand) and five “piano keys.” This permits

Research Institute designer churns data into text to be written and modified without his
a computer by means of a ‘“mouse’’ (right eyes leaving the screen. Details on p. 25

% W

cally fabricated by a computer-controlled time and cost. See p. 34

Also in this section:

Silicon-on-sapphire memory was automati- laser operation at considerable savings in

Lunar module tested to the nth degree. Page 36
News Scope, Page 21 . . . Washington Report, Page 39 . . . Editorial, Page 45

ELEcTRONIC DESIGN 3, February 1, 1969




Wet-sintered-anode Tantalex” Capacitors

Buy the best.

doing if.

: A
Here S how: Select from the broadest
line of tantalum capacitors anywhere. From
Sprague. The lower your temperature

requirement, the lower your cost.

Volumetric efficiency up to
210,000 xF-volts per cubic inch.
For use in miniature com-
mercial /industrial printed wir-
ing boards, packaged circuit
modules, and wherever else
cost and space are prime con-
siderations. Elastomer end seal
capped with plastic resin in-
sures against electrolyte leak-
age and lead breakage. Avail-
able in voltage ratings from 6
to 75 VDC.

A superior design that meets
all the basic military require-
ments for capacitors within this
temperature limit. There is no
compromise in quality. Voltage
ratings from 6 to 150 VDC.

For extra large values of
capacitance, use Type 200D
or 202D package assemblies,
which consist of several
109D - type capacitor ele-
ments in a hermetically-
sealed case.

Exceptional electrical stability
due to chemical inertness of
tantalum oxide film to specific
electrolytes used, low diffusion
of TFE-fluorocarbon elastomer
seal, and special aging for
125C operation. Voltage ratings
from 4 to 100 VDC.

Dual temperature ratings of
Type 200D and 202D package
assemblies give you extra
high capacitance values for
+125 C operation.

7
For operation to + 85 C For operationto +125C | Foroperationto +175C
Type 145D Type 109D Type 130D Type 137D

Proven glass-to-metal hermetic
seal qualifies these outstanding
capacitors for use in satellites,
missiles, and other critical
aerospace applications. They
have greater volume efficiency
than has been previously avail-
able for wet-sintered-anode
capacitors in this temperature
range. Type 137D capacitors
exhibit extremely low leakage
currents. Available in voltage
ratings from 2 to 150 VDC.

INFORMATION RETRIEVAL NO. 821

INFORMATION RETRIEVAL NO. 822

INFORMATION RETRIEVAL NO. 823

INFORMATION RETRIEVAL NO. 824

Select the capacitor type that meets your temperature requirements. That's how
to save money. Specify Sprague Tantalex” Capacitors.That's how to get the best.

For complete information on Type 145D Capacitors, write
for Engineering Bulletin 3750 (Type 109D, Bulletins 3700F

and 3700.2; Type 130D, Bulletins 3701B and 3701.2; Type
137D, Bulletin 3703A; Type 200D and 202D, Bulletin
3705B) to the Technical Literature Service, Sprague Electric
Company, 347 Marshall St., North Adams, Mass. 01247.

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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U.S. 1970 budget raises
spending for electronics

The electronics industry shouldn’t
find too much fault with the final
budget request of the Johnson Ad-
ministration. Proposed expendi-
tures for fiscal 1970 for both elec-
tronics procurement and R&D are
up slightly, compared with the total
for fiscal ’69.

Rises have been requested for
electronics spending in the Com-
merce, Defense and Transportation
Departments, while the NASA
budget remains level. These four
Federal organizations account for
the bulk of the expenditures.

For the Defense Dept., the trend
is evident whether looking at func-
tional or program breakdowns. For
example, expenditures for intelli-
gence and communications have in-
creased nearly $200 million, with
a total request for $6.2 billion.
Similarly, total R&D obligational
authority has risen from $8.1 bil-
lion to $8.6 billion. Procurement
has risen from $24.5 billion to
$25.1 billion. And it’s important to
note that both R&D and procure-
ment expenditures are heavily
weighted toward electronic system
needs.

On the R&D side, heavy expendi-
tures either begin or continue for
the Advanced Manned Strategic
Aircraft, the two new F-14 and
F-15 fighters, the VSX antisub-
marine warfare aircraft, several
air-to-surface missiles, the Air-
borne Warning and Control System,
the Sentinel ABM system, and the
Poseidon and Minuteman III stra-
tegic missiles.

Strategic weapons development,
which has been on the back burner
for the last few years while tacti-
cal weapons were being pushed, is
emphasized in fiscal 1970. Just be-
fore leaving office, Defense Secre-
tary Clark Clifford expressed con-
cern over the rapid growth of the
Soviet force of ICBMs—a situation
already decried by the incoming

ELECTRONIC DESIGN 3, February 1, 1969

Defense Melvin R.
Laird.

On the procurement side, the
greatest increase is for the Navy,
with over $2.4 billion assigned for
advanced ship building. In addition
the procurement of aircraft and
missiles continues at a high rate.

The total NASA request is for
$3.88 billion, or essentially the
same as that approved by Congress
last year. Of this amount, approxi-
mately $3.2 billion is for R&D and
facilities. Over $2 billion of the
NASA funds are earmarked for
the manned space flight programs,
and three-fourths of this is for
Apollo alone. The rest is for fur-
ther progress in building the
Saturn-I orbital workshop and the
associated Apollo telescope mount.

Another $500 million would be
used by NASA for space science

Secretary,

applications. A new effort this i

year is to be the Earth Resources
Technology Satellite, a long-delayed
effort. In addition nearly $300
million in spending is proposed for
tracking and data acquisition. If
NASA can get the request through
Congress, it would also like to
move to a flight model of the
NERVA nuclear engine.

The Dept. of Transportation
budget has been increased to $246
million for research alone. The
total for ’69 was $177 million.
Most of the increase will go to the
Coast Guard for the National Data
Buoy System; to the Federal Avi-
ation Administration for air traf-
fic control and noise abatement,
and to the Urban Mass Transpor-
tation Administration.

The Commerce Dept. largely
holds its own, with an R&D budg-
et of about $85 million. Most of
this is for the Environmental Sci-
ence Services Administration, for
use in meteorological satellites and
World Weather Watch program.

Federal efforts to attack grow-

ing crime in the nation are also
reflected strongly in the budget.
For the electronics industry, there
is a $8.2-million request for re-
search—double last year’s request.
These funds would be assigned
largely to the National Institute of
Law Enforcement.

Executive sees upswing
in consumer IC market

A growing consumer integrated-
circuit market is forecast by Chris
Goodman, Marketing Manager-
U.S.A., Motorola Semiconductor
Products, Inc. He predicts a steady
rise that will make for a $23.5-
million market by early 1972.

“The picture is changing,” Good-
man told a marketing Iluncheon
given by H. H. Scott, Inc., in New
York City. Progressive semicon-
ductor vendors are tempting the
entertainment industry by devel-
oping ICs to satisfy the standard
requirements of selected types of
consumer equipment.”

Typical of these circuits is the
MC 1304 fm multiplex demodula-
tor, used in the new H. H. Scott
342C 100-watt fm stereo receiver.
This circuit, and others like it, are
expected to generate a market for
standard consumer ICs.

“Wide acceptance of ICs by the
consumer industry has been slow
in coming,” Goodman conceded,
“because the linear circuits re-
quired are complex, and standard-
ization is difficult. The consumer-
product manufacturers have not
been stimulated by competition to
finance the development of ICs for
their own use, and the IC vendors
have been reluctant to develop
the circuits without some assur-
ance of subsequent high-volume
contracts.”

But with the advent of con-
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A rosy outlook predicted for ICs in
the consumer area.

21




News
SGOUECONTINUED

sumer-product ICs, the outlook for
vacuum tubes is increasingly
cloudy, Goodman continued.

“The tube market for home
electronies will decrease,” he said,
“in both dollar value and unit
volume. There won’t be enough
tubes left in entertainment equip-
ment to make a dent in the num-
bers game by 1973.”

Tubes, Goodman forecast, will
account for only 15% of the dollars
spent by home-electronics manufac-
turers in 1975.

The Motorola marketing execu-
tive also predicted an increase in
the use of voltage-variable capaci-
tive diodes. “We've just about
whipped the last remaining prob-
lems,” he reported. “We will be
able, in 1969, to inexpensively
match two or more diode units to
provide satisfactory frequency
tracking.”

And another component that
Goodman expects to be used in-
creasingly is the MOSFET. “These
devices are superior to tubes,” he
said, “even in noise and cross-
modulation characteristics, while
they maintain the conventional ad-
vantages of transistors. We have
now licked the two big problems—
danger of damage during manu-
facturing and lack of long-term
stability—and our sales of these
devices are mushrooming.”

Air Force takes over
backup unit for Sage

A computerized center, newly
built on sand dunes in North Caro-
lina, has been turned over to the
Air Force as the first unit in an
air-defense system that would take
over if Sage is ever destroyed.

The standby system, called Buic
III (Backup Interceptor Control),
will ultimately stretech throughout
the United States and Canada
(see “Redesign Strengthens Air De-
fense Backup,” ED 19, Sept. 12,
1968, p. 25).

The first unit, built at Fort
Fisher Air Force Station, N. C.,
provides a second line of defense

22
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Buic Ill site at Fort Fisher, N. C.,
stands ready to take over for Sage.

against airborne threats to the
East Coast from Atlantic City,
N. J., to Savannah, Ga.

Fourteen more Buic III sites are
to become operational soon at other
strategic points in the U. S.

F-14 contract worth
billions to Grumman

Production of the Navy's VFX
aircraft, now designated F-14, is
expected to bring in at least $10
billion to the prime contractor,
Grumman Aircraft Engineering
Corp., Bethpage, N.Y.—and consid-
erably more if the Air Force de-
cides to buy the fighter, too.

The supersonic, carrier-based
plane will have tandem seating for
its two-man crew, a variable-
geometry wing (swing-wing), a
completely flat underside, flanked
by two ski-like rails to carry
bombs, rockets or missiles.

The F-14A, B and C will all be
equipped to carry three air-to-air
missile types—the Phoenix, that
was developed by Hughes Aircraft
for the deceased, overweight
F-111B, the Sidewinder and the
Sparrow III.

Last summer in congressional
hearings, the Navy said the avi-
onics for the F-14A and B would
be the same that were developed
for the F-111B. Since then, how-
ever, considerable changes seem to
have been made. Although Grum-
man won’t go into detail, a com-
pany official says that avionics
specifications for the F-14A and B

are set and industry will soon be
competing for electronic subsystem
contracts. (Grumman was the
‘“associated contractor” for the
F-111B, with General Dynamics
acting as prime.) A new avionics
concept is planned for the F-14C.

Total funding in fiscal year 1969
for the F-14 R&D was $160 million.
In the 1970 budget, $225 million
was requested for R&D and $239
million for leadtime production.

The next step is for Defense
Secretary Melvin R. Laird to sub-
mit cost and design characteristics
of the Grumman F-14 to House and
Senate committees this week. Some
Washington sources believe that
the award may draw criticism
because of Grumman’s association
with the canceled F-111B.

U.S. urged to set up
oceanographic agency

A new, NASA-like agency has
been proposed to direct the nation’s
oceanographic and atmospheric
programs in the next decade at an
estimated cost of $8 billion.

The recommendation is in a
long-awaited report, “Our Nation
and the Sea,” by the Federal Com-
mission on Marine Science, Engi-
neering and Resources. The 15-
man group, established by Presi-
dent Lyndon B. Johnson in 1966
at the request of Congress, urges
the union of many existing Federal
organizations into one entity that
would be called the National
Oceanic and Atmospheric Agency:

The commission members includ-
ed experts varying from naval and
oceanographic interests to the
fields of education and law. The
panel chairman was Dr. Julius A.
Stratton, former Ford Foundation
chairman and a past president of
the Massachusetts Institute of
Technology.

Although the commission recom-
mends a trebled effort by the U.S.
over the next 10 years—from the
present $773 million a year to
over $2 billion a year by 1980—
Stratton stresses: “We are not
proposing a crash program or an
expenditure of great magnitude.”

The commission’s consensus, he
emphasizes, is that “the time has
come to move ahead” on a unified
and purposeful national oceano-
graphic effort.
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If you think it’s time to
build more bandwidth
into CW illuminator
radars, high duty cycle
radars and communication
equipment...we agree.

And we're making CW
traveling wave tubes with the
power to do it.

We've been working on high performance TWT's
for quite a while, mastering slow-wave structures,
their relation to total tube design, and setting up
computer-aided procedures to optimize perform-
ance and cut design time. It's paid off.

Early last year we developed and delivered a

Advanced slow-wave structures
increase power capabilities
of Varian TWT's.

quantity of 12 kW, S-band CW

TWT'’s. Later we shipped an
8 kW C-band tube just 5 months
after the contract was awarded.

And now we're looking for new
assignments. TWT's in the 2 to
100 kW range, operating anywhere
from L through K band — ones that

P

g can profit from hurry-up development.

Like to know more? Talk to our TWT Division,
611 Hansen Way, Palo Alto, California 94303,
or any of the more than 30
Varian Electron Tube and 1
Device Group Sales Offices Vadrlan
throughout the world. tWkanasion
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CONODUCTIVE PLAST\\S
PRECISION POTENTIOMETERS

ROM BOURNS

MODEL

34358

SINGLE TURN

800 .

TEN TURN

Units Shown
Actual Size

BOTH AVAILABLE FROM DISTRIBUTORS FOR IMMEDIATE DELIVERY

These standard models offer outstanding specifications
. lowest priced conductive plastic . . . immediate
delivery.

The 3438 and 3501 Conductive Plastic potentiometers
are another indication of the depth of the Bourns line.
Other models, non-linear and linear and with or without
load compensation, available to your specific require-
ments including Mil-R-39023. If your needs call for a
single-turn or a ten-turn . . . Bourns has the solution!
Before you specify or buy just any conductive plastic
units, take a good look at the 3438 and 3501.

Get all the data you need for a sound decision. Write
today for the latest catalog sheets or call your local
Bourns office, representative, or stocking distributor.

*Price for 1-9 pcs.

Model Model
SPECIFICATIONS 3438 3501
Resistance Range 1002 to 1 Meg 1K to 1 Meg
Resistance Tolerance +20% +10%
Linearity (Independent) +1.0% +0.5%

1 Watt at 40°C
—15 to +105°C

Power
Temperature Range

Rotational Life 20,000,000
shaft revolutions

Vibration 10G

Shock 15G

2 watts at 70°C
—55 to +105°C

50,000,000
shaft revolutions

20G
100G

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

TELEPHONE (714) 684-1700 « TWX: 910 332-1252 « CABLE: BOURNSINC.

TRIMPOT® and Precision Potentiometers
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Man-Computer ‘Partnerships’ Explored

Interactive techniques are sought to show that
computers can augment human intelligence

Robert Haavind
Managing Editor

In a room at Stanford Research
Institute in Menlo Park, Calif.,
several designers sit at television
monitor consoles, engrossed in mes-
sages that are continually being
painted across the screens. The
messages are aspects of design
that each man is working on, and
the designers are constantly ex-
panding the messages by operating
two devices.

One is a five-key instrument
that the user taps with the fingers
of his left hand. The other is a
white plastic object with three but-
tons on top that can be rolled over
the desk top beside the display. A
dot on the screen moves in synchro-
nism with the rolling of this plas-
tic “mouse.”

The goal of these SRI designers
is to develop system techniques that
would permit people to use the
computer as an ‘‘intellectual part-
ner” in their daily work. Whether
the worker is a circuit designer,
computer programmer, manager or
scientist, such system methods
would enable him to  couple the
powerful calculating, organizing
and memory capabilities of a large
computer to his own thinking.

This mode of computer use,
called interactive computing, dif-
fers radically from the way in
which most computers are used to-
day. In batch processing, today’s
normal procedure, a complete prob-
lem is analyzed to develop an ap-
proach suitable for computer solu-
tion. Then a program is written
and fed into the computer, and,
when all calculations have been
completed, final answers are de-
livered. No changes can be made
while the problem is running, un-
less they have been called for in
the program.

By contrast, in interactive com-
puting the user could observe inter-
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mediate results at various steps of
the computing process. Then he
could make changes, or even com-
pletely redirect the solution. Or he
could actually work the problem
out himself, using the computer
only when calculations had to be
made, or alternate choices evalu-
ated.

This approach is being pursued
at SRI, Lincoln Laboratory, and
other research centers. The SRI
team is using the present version
of their interactive computing sys-
tem to achieve further develop-
ment of the system. They are, in
effect, using the system to develop
the system!

Things that annoy or impede
progress often become the next
area for improvement. And in the
process of making the improve-
ments, the team members recognize
needs for further improvements.

|

“Intellectual bootstrapping” is
the term used by Douglas Engle-
bart (see cover), principal investi-
gator for the Center, in describing
this approach.

Dr. Englebart envisions the com-
puter as a tool that can allow
men’s minds to reach new levels of
achievement. Thus his program at
SRI is known as the Augmented
Human Intellect Research Center.*

The ways in which intellect can
be enhanced involve more powerful
methods for structuring, storing
and retrieving, and manipulating
large amounts of information. Thus
bits of data, portions of articles,
reports or books, notions, sugges-
tions, insights and other types of
information can be assembled in
random fashion over a long period
of time. Yet all these pieces can be
organized in several ways as they

* Sponsored by Advanced Research
Projects Agency (Information Proc-
essing Techniques) ; NASA’s Langley
Research Center, and Rome Air De-
velopment Center.

SRI researchers demonstrate the use of interactive computing with graphics
for group discussion of a system design. General files, as well as individual
files, all in the process of development, can be examined, modified or added
to by the group. The system being designed is the system they are using.
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Can computers augment intelligence?
Can intellectual workers, given the proper
tools to interact easily and rapidly with a
computer, enhance the quality of their think-
ing? Definitely, contends this team of SRI
researchers, who are shown here using some
of the tools described in this article. To prove
their point, they are using their own tools to
further the development of their system—a
form of intellectual bootstrapping. In this
fashion, they are steadily removing annoy-
ances and blocks to achievement, and re-
structuring their computer languages, pro-
grams, and hardware.

26
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(interactive, continued)

pertain to various aspects of a com-
plex project, so they can be re-
trieved in seconds any time later
by following any one of several
trails. Another gain might be
made in the structuring of com-
plex arguments so that the person
himself, or some other person, can
review at any time the steps that
led to some conclusion.

Whether the SRI group proves
the validity of this contention or
not, most of the other researchers
in the field agree they have already
moved ahead of any other research
group in the ability to organize and
manipulate textual information
rapidly. Because of this capability,
the SRI system has been chosen by
the Defense Dept.’s Advanced Re-
search Projects Agency to be the
information center for the agency’s
nationwide computer network.

So far the SRI Center has dealt
only with textual information, al-
though it is now just beginning to
investigate graphics. So why are
they using display consoles?

Speed is critical to improving
performance, thus allowing more
difficult problems to be attacked in
an interactive fashion. The graphic
display is presently the fastest

means available.

But a graphic console is not a
panacea. They can be very expen-
sive, and techniques must be care-
fully worked out so that the oper-
ator can proceed smoothly.

ELECTRONIC DESIGN 3, February 1, 1969

By

The World
can count on

Duncan
Mini=Dials

Duncan has three big series of
miniature turns-counting dials to
enable the accurate positioning of
multi-turn potentiometers. Yet de-
spite their compactness, each dial
provides for optimum readability
— you can take precise readings
at a glance .from any angle. Dun-
can miniature turns-counting dials
all feature positive-action locks,
and require minimum panel drilling
and mounting hardware. You can
count on Duncan for fast in-stock
delivery at the right low prices too.
Any way you look at it, you ought
to dial Duncan at (714) 545-8261
for complete information. Then,
you can start counting on us too.

SERIES 60: Inner scale graduated in fiftieths of a turn; outer
scale in full turns from 0 to 9.

SERIES 80: A 10-turn counter indicates full turns com-
pleted; the 100-division scale indicates hundredths of a turn.
SERIES 70:

DIGITAL MODEL 71: gnifying face lens
readout to a hundredth of a turn.
CLOCKFACE MODEL 76: Only %" dia. is ideal for min.
space licati E; I to 50ths of a turn.

3-digit

de DUNCAN electronics, inc.

A DIVISION OF SYSTRON-DONNER CORP.

2865 Fairview Rd., Costa Mesa, Callfornia 92626

/ Tel. (714) 545-8261

+ TWX (910) 595-1128
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(interactive, continued)

The SRI system approach in-
cludes special provisions that at-
tack both of these problems. The
heart of the system is a Scientific
Data Systems 940 time-shared com-
puter. The system includes a 65-K,
24-bit core memory with a 4.5-
megabyte swapping drum and a 96-
megabyte disc file. Text drawn
from the computer is displayed on
a high-resolution, 5-inch CRT. This
is then picked up by a precision
(875-line) closed-circuit television
system camera. Two character gen-
erators each feed up to six pre-
cision CRT-TV camera combina-
tions. The TV cameras each feed a
17-inch television monitor in the
center’s “workshop.”

This display approach is unique
and offers several important ad-
vantages. A low scan-beam current
can be used in the cameras, so that
a short-term image storing effect
is achieved. This allows the display
on the monitor to be rewritten, or
refreshed, as few as 15 times a
second without noticeable flicker
to the eye. This is vital because the
need to refresh a television dis-
play—continuously 30 to 40 times
a second with normal phosphors—
cuts down on the maximum amount

of data that can be presented at
one time. The cost of a small CRT-
TV camera, amplifier-controller
and monitor is about $5500 per
work station. This compares with
about $10,000 needed to buy a
similar-sized random-deflection
CRT.

Also, the expensive part of the
system is centrally located. Addi-
tional monitors that could tie into
the television camera could be
added for about $600 each.

The mouse rolls

The five-key handset and mouse
mentioned earlier are crucial ele-
ments in user convenience. The
mouse has two wheels, set at right
angles, beneath it. As these wheels
spin, they drive X and Y poten-
tiometers that control coordinate
selection on the monitor, A dot on
the screen moves in accordance
with these signals. Thus the user
can move his dot to some point on
the screen, and then start to write
in a message at that point.

One way to write in is through
the use of a keyboard. But the five-
key handset allows the user to en-
ter data quickly without looking
away from the screen. The hand-
set operates according to binary
codes. Thus an “A” is typed in
by pressing the left thumb, a “B”

DIsC
CONTROL

|
TO MEMORY ) 1

INTERFACE
CONNECTOR

——————————

EXECUTIVE
HARDWARE

I SPECIAL
OPERATIONS

by pressing the left forefinger, a
“C” by tapping both of these at
once. Now, if the right buttons are
pressed on the top of the mouse,
the operator can begin to write in
lower-case letters or, alternatively,
numerals or a set of special sym-
bols. In addition the keys can be
used to enter control instruction.

The combination of the two
units allows the user to intersperse
text and various symbols with con-
trol actions.

It is clear that some training is
needed to become proficient at us-
ing the SRI equipment. In addition
some mneumonics and programing
details must be memorized. Note
the group of memory aids pasted
around the periphery of a display
unit in one of the photographs on
page 26.

It's like driving a car

David Casseres, technical writer
for the center, describes learning
to use the system as being some-
what like learning to drive a car
(he drives a small standard-shift
foreign car.)

“But it makes you feel that if
you only knew how to fly, you
could become a jet pilot,” Dave says.

The answer to evolving inter-
active computing systems that give
the user the “jet pilot” feeling is

LOwW
PRIORITY
DEVICES

-
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NETWORK

PRINTER
1. On-line computing system used at SRI includes 5-inch

precision CRTs whose presentations are picked up by a
high resolution TV camera and then transmitted to one

or more 17-inch monitor consoles. This keeps costs
down for expanding the number of user-consoles, since
these cost only about $600 each.
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STANDARD RECOVERY
PIV to 600V
Rating 1.5A
Surge  25A

FAST RECOVERY (500 nsec)

PIV to 600V
Rating 1.0A
Surge  20A

ULTRA-FAST RECOVERY (75 nsec)
PIV to 200V
Rating 1.0A
Surge 20A
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Two bits
says
you've
never seen
alb amp
bridge
this small with

= 75 nanosecond recovery

= 25 amp surge rating

= PIV’s to 600V

= Controlled avalanche

= Wired or board mounted

= Made entirely with individually
fused-in-glass diodes

= Reasonably priced

Now that you have seen it, don't you want to know more?
First of all, you can get our data sheet, just packed with all
kinds of specs and charts too detailed to put in this ad. Just
circle the reply card now.

Second . . . if you send us your circuit requirements, we'll
see to it you get the right sample for the job.
And . . . if it's fast action you want, why not call Fred

Swymer collect at (617) 926-0404.

580 Pleasant St., Watertown, Mass. 02172, (617) 926-0404 .
UNITROD ._U

HERE'S WHAT IT LOOKS LIKE INSIDE AND HERE'S WHAT IT LOOKS LIKE
INSIDE THE INSIDE
HARD GLASS FUSED
TO SILICON SURFACE With the silicon die
I l ./ metallurgically
bonded between

— terminal pins of

the same thermal
coefficient, the

hard glass sleeve is
P fused to the entire
————~ M l l outer silicon surface.

TERMINAL PINS METALLURGICALLY RSSU|t T VOidIess'
BONDED DIRECTLY T0 siLicoy ~ monolithic structure.

SEE US AT THE IEEE SHOW

¥
= V ,Cg —_—

]
i

TWICE ACTUAL SIZE
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(interactive, continued)

not a hardware problem, says Dr.
Walter Sutherland of Lincoln Lab-
oratory, Lexington, Mass.

Dr. Sutherland says the hardest
thing to achieve is a software sys-
tem that does not require the user
to be aware of the programing.
One reason this is so difficult is
that each type of user needs the
system for different things. Often
he is not even aware of these re-
quirements until he actually starts
going to work on his specific prob-
lems. Thus the need is for a gen-
eral system that incorporates all
the things that will be needed for
many different types of activity,
and that allows different sorts of
functions to be easily added as the
need for them becomes apparent.

The types of computer languages
that are being developed for this
sort of activity must thus be highly
modular and they must be very
carefully structured.

Fortran, for example, the most
widely used of computer languages,
is highly internally linked so that
changes or additions must be care-
fully considered.

The structure problem was the
first to be faced in starting to or-
ganize the augmentation system
concept. Early time-sharing sys-
tems had organized material in
“pages,” a carryover from the
structure of printed books. But this
did not prove to be efficient, pri-
marily because of the long time in-
tervals expended on continually
swapping large amounts of ma-
terial between core and drums.

Dr. Engelbart chose to organize
material in a tree structure be-
cause of its advantages for struc-
turing stored files. An analogy
might be the title of a book, the
chapter titles, then the subheads
within a chapter. Thus an initial
screen presentation might give the
title and chapter titles. The user
would then select a chapter title,
and the list of subheads within
that chapter would appear.

In addition the actual material

CONTROL

TRANSLATOR, IN

META-LANGUAGE

TREE META
LANGUAGE
B
TREE TREE
META META
LIBRARY TRANSLATOR
) c
CONTROL LANGUAGE
DESCRIPTION IN CONTROL
CONTROL META-LANGUAGE (T N R T S R
META TRANSLATOR : E :
LANGUAGE |
I CONTROL KHERARY
- oF

LIBRARY SUBROUTINE

MACHINE

DESCRIPTION ORIENTED
IN MACHINE LANGUAGE
ORIENTED TRANSLATOR
LANGUAGE

PROCESSOR = \susrouTines/

OPERATING ON LINE SYSTEM

2. A hierarchy of languages help give the on-line graphical interaction system
its flexibility. The tree structure used for organizing information for quick
retrieval (upper right) is a basic principle upon which the system is designed.
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included under any particular
heading is broken into arbitrary
pieces called “statements.” The
length of a statement is limited by
the amount of material that will
fit on a single screen presentation.
Some statements, however, may be
only simple portions of a sentence.
In one case, the material might be
a portion of an article that the
user wants to store. In the second
case, the user of the system may
be formulating his thoughts as he
does early work on some problem.

The basic organization of ma-
terial is expressed with a sequence
of numbers and letters. For ex-
ample, statement 1C4B6, is the
sixth member of group B under the
fourth member of category C, etec.
In addition a statement can begin
with a word in parentheses, and
then that word becomes the title
of the statement. Then, in any
other statement, that statement
can be referred to by the same
title in parentheses. Another way
in which statements can be identi-
fied is by means of placing a
marker, some symbol, next to one
or more statements. This allows a
user to gradually build up addi-
tional organizational schemes for
his material.

Several other schemes for mov-
ing around within a large file are
provided. Statements before or
after the statement being viewed,
or at the head or tail of the par-
ticular subcategory can be called.

Unfurling the scroll

If the user always went through
his file in the normal sequence, it
would be like looking at a long
scroll, unfurling a frame at a time.
There are three ways in which he
can vary this movement through
the file: level clipping, line trunca-
tion and content filtering.

In level clipping, all statements
will be skipped whose level is be-
low a specified point in the hier-
archy. Thus, if the third Ilevel
were specified, no statements be-
low the third level—that is, below
3 or C—would appear.

A truncation command tells how
many lines of each statement to
show. A “1” says that only the first
lines will appear, for example. Con-
tent filtering is performed by spe-
cifying statements that the user
wishes to view by means of a high
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In less time than it takes
to read this page, you could learn to use
this new Universal Impedance Bridge.

Ready? One, two, three, go.

2 Adjust the range switch for
* an on-scale reading.

measurement.

1. Select the function you want.

Nothing to it. No interacting controls to adjust
and readjust. No multipliers. No non-linear
dials. AUTO-BALANCE eliminates all that.

This new Hewlett-Packard Bridge is the first
one that takes human beings into account as
well as impedance. It’s made for engineers who
don’t have time for a half-hour refresher course
every time they want to use it.

You get direct digital readout of all C, R,
and L' values. Indicator lights show up-scale or
down-scale unbalance. Decimal point and an
equivalent cjrcuit are automatically indicated.
No problem with false or sliding nulls either:
unique electronic AUTO-BALANCE takes
care of that.

For a D or Q measurement, just switch from
AUTO to low or high D or Q and turn the DQ
control until you obtain another null. Simple.
Particularly for low Q and high D cases.

So if you're the kind of engineer who’s tired
of complicated impedance bridges, Hewlett-
Packard has your number: Model 4260A, $550.

Ask your Hewlett-Packard field engineer for
a demonstration. Or write us for complete
specs: Palo Alto, California 94304. Europe:
54 Route des Acacias, Geneva.

1844-R-1

 PACKARD

An extra measure of quality.
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Obtain a null with the
. CRL dial. Now, read your
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(interactive, continued)

level content-analysis language. For
example, statements in which the
words “memory” and ‘“allocation”
appear within four words of each
other might be drawn out.

These sorts of operations, and
the basic functions involved in do-
ing such things as deleting char-
acters, words, lines or statements,
are accomplished by a variety of
system languages. The subroutines
performed by the SDS 940 are
written in a special machine-
oriented language (MOL) devel-
oped by the SRI group (see Fig. 2).

When working on line, the Con-
trol Processor (E in Fig. 2) re-
ceives and processes successive user
actions. It calls subroutines from

the library (H) to do such things
as locating data in the file, manipu-
lating working data or construct-
ing displays based on the sorts of
commands described previously.
These library subroutines (in H)
are produced from machine-orient-
ed language programs (F) which
are translated by the MOL trans-
lator (G).

This combination of languages
permits programmers to modify
existing functions, or to perform a
reasonable range of changes or ad-
ditions to the functions, often by
simply revising the control lan-
guage record.

The SRI designers are now fac-
ing some of the tricker problems
in getting their system to work
smoothly. Each user is assigned a
certain number of data blocks on
a storage drum. As he adds to his

working file places are developed
for each additional statement at
the proper place in the file. If
some data are no longer required,
he can not at present ‘“close the
gap” left when he eliminates in-
formation. Thus some provision
will have to be evolved to sort out
the holes left in the file by dele-
tions, and to close it up. Also the
present scheme does mnot allow
jumping from branch to branch in
doing content searches. The system
must travel up a set of connected
branches to the top of the tree,
and then down a new set of
branches.

The widespread use of inter-
active computing will thus have to
await considerable further devel-
opment, both at SRI and elsewhere,
to reach economic feasibility for
most organizations., mm

An hour’s work with an interactive computing system . . .

How will designers of the fu-
ture make use of the emerging
interactive computing systems?
Here is a theoretical preview,
based on techniques now under
investigation.

Andy Handy, design engineer,
settles down before a display
screen at one side of his desk.
After flicking the equipment on,
he types in his identification.
The screen displays a number of
queries, to which he enters the
date, the titles of the programs
he is using, identification of the
system he is helping to design
and the subsection and a par-
ticular circuit.

In a moment an unfinished cir-
cuit appears on the screen. At
various points there are wave-
shapes and small response
curves. Andy had left it in an
incomplete state the day before.
‘At the top of the screen a mes-
sage blinks: ‘‘SYSTEM
CHANGE.” As Andy presses
buttons; the circuit becomes a
box linked to other boxes, and
then a group of these become
another box linked to more box-
es. Finally a new set of boxes
appears, representing the com-
position of the entire complex
system. Blinking at the top of
the screen now is a block of
text and numerals with the
words “SYSTEM CHANGE” for
a title.

With some quick key-tapping,
Andy returns to the section he

32

is working on and draws forth
details of the effects of the over-
all system change on his own
subsection. Now he zooms back
in on the circuit he had started
to work on.

After examining some re-
sponse curves and trying some
parameter variations, Andy de-
cides that he is going to have
to make some basic modifications
if the circuit is going to work
at all. Recalling an article, a
technical report and a portion of
a book—information he read in
the last couple of years and that
might have some bearing on his
problem—he taps some keys and
brings a listing onto the screen.
Choosing an item from this list-
ing, he obtains a new listing,
from which he makes another
choice. After several steps in this
fashion, the article is displayed.

He shifts page by page until
he comes to the part he’s inter-
ested in, and makes some coded
notes at the bottom of the screen
to use as a reminder when he re-
turns to his circuit work. He
rapidly locates the technical re-
port and the portion of the book,
and in each case makes some
more notes labeled with a code
similar to the one he used for
the notes on the article.

Now he returns to his circuit,
cancels a portion of it, displays
his notes and quickly works out
a new configuration. He assigns
values, observes responses,

changes values, sets up an itera-
tive procedure to reach an opti-
mum response condition and
then sits back for a few seconds.
Then the word “SOLUTION”
blinks on the screen, and a set
of values appears next to the
various elements of the circuit.

Satisfied, he begins to draw
from a computer-stored file in
sequence, pages of catalog data
on the types of parts involved
in his finished circuit. He sets
up some cost/performance equa-
tions for a section of the circuit
and rapidly narrows his choices.

Returning to the circuit de-
sign, Andy designates the spe-
cific parts that will be used and
then indicates that his work on
this section of circuitry is com-
plete. In a few minutes, he
knows, orders for the proper de-
vices will be printed out and
charges will be entered in the en-
gineering department accounts
for his design work. The produc-
tion department will be inform-
ed of the circuit configuration so
it can prepare to tool up for its
portion of the task. Meanwhile
the system design project man-
ager will be notified of all these
steps, and will be able to zoom
down to the tiny circuit to see
that the work meets with his
approval.

Andy gets up and stretches,
ready for the morning coffee
break and satisfied that an hour’s
work has been well done.
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Magic...Acopian style!

We ship any of our 82,000different AC to DC plug-in power supplies in just 3 days!

Next time you need power supplies in a hurry, contact Acopian. We offer
82,000 different AC to DC plug-in power supplies, any of which will be
shipped to you in just three days! Choose the exact DC output you need.
Singles or duals. Regulated or unregulated. Whether you need one power
supply or several, your order will be shipped in just three days! That's our

promise. For your copy of our latest catalog, con- K
tact your local Acopian rep, call us at (215) 258- /,4@"@;@;/@,/,;
5441, or write to Acopian Corp., Easton, Pa. 18042.
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Laser method slashes cost of custom arrays

For $10, automatic system removes diode metal
connections through the substrate in a few hours

Elizabeth deAtley
West Coast Editor

A computer-controlled laser op-
eration that encodes semiconductor
read-only memories automatically
promises to reduce drastically the
cost of custom units and the time
required to get them.

The cost of encoding a single
unit can be held to about $10, with
completion in a few hours, accord-
ing to the developer of the new
method, compared with a few hun-
dred dollars and a few weeks with
conventional methods.

Developed by Autonetics, a divi-
sion of North American Rockwell
Corp., Anaheim, Calif., the opera-
tion uses a laser beam to remove
selected metal connections in an
integrated diode array (Fig. 1).
Connected diodes are defined as

DATA CUSTOMERS'
DECK REQUIREMENTS
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1. Automatic encoder-tester can en-
code and functionally test a 1024-bit
array in 5 minutes.
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logic “1,” and disconnected diodes
as logic “0.”

The laser, which is set up on a
mobile table, is focused on the
metal, but it can do its job through
any optically transparent medium.
So says Allen D. Sypherd, designer
of the system.

In the case of silicon-on-sap-
phire devices, Sypherd says it is
possible to stockpile completely
packaged units and encode them
on order (see box). Leakage in
these devices is negligible, he re-
ports, because of their very small
junction area. Thus exposure to
light does not cause leakage prob-
lems, as it would in a standard
MOS or bipolar integrated circuit.

The few-hours interval to com-
plete the custom operation includes
access to a central computer and
production of a punched tape.

“This approach has the most
dramatic application in the area
of custom read-only memories where
only a few units are required,”
Sypherd says. “For example, in
developmental work where an en-
gineer isn’t certain that a read-
only memory meets his specification,
he doesn’t want to pay $400 or $500
and wait several weeks for a cus-
tom mask to be made and one or

" two units run through the line.

With this new capability, he doesn’t
have to.

“This technique makes it possible
to consider applications that were
never feasible before. For example,
projecting into the future, I can
imagine in 10 or 15 years from
now there may be a laser encoder
in the corner grocery store—just
like the tube tester of today. The
housewife will plug in her blank
array, encode her favorite cake or
pot-roast recipe and use the mem-
ory to control her automated kitch-
en.”

In operation (see block diagram)
a deck of cards containing the
customer’s encoding instructions is
fed into a general-purpose comput-

er, such as an IBM 360, together
with a packing program that con-
tains instructions for moving the
array bit by bit. The computer
produces a punched tape, which has
instructions for moving the table
and firing the laser.

A 12-bit memory in the special-
purpose computer stores instruc-
tions for selecting one bit position
out of a 1024-bit array, as well as
for firing or not firing the laser
at that position and for testing.
In each bit position, a comparison
is made with the input require-
ments. If a diode is not required
at that position, the laser is in-
structed to fire. The array is then
retested, to make sure the discon-
nect is complete.

After one bit has been encoded
and tested, the tape reader inserts
the data and instructions for the
next bit position into the computer
memory. The process is repeated,
until the entire array has been
encoded and functionally tested.

It takes only 30 seconds

The number of cards required
to make the tape for a 1024-bit
array varies from 15 to 30, Sypherd
says, depending on the complexity
of the instructions. The total com-
puter time required to produce the
tape is about 30 seconds, counting
loading time. A 1024-bit array can
be encoded in 5 to 10 n inutes. This
could be significantly reduced, Sy-
pherd says, with a faster laser.
However, this would increase the
cost of the equipment.

He estimates that the new laser
system, including tape reader, laser,
movable table, testing equipment
and special-purpose control comput-
er, could be built for $5000 to
$25,000, depending primarily on
the speed of the laser required.

The laser being used by Auto-
netics is a neodymium rod type
that was custom-built for this
function.

Asked why he did not use com-
mercially available lasers, Sypherd
said he had investigated a number
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Rectifiers from
the Power House.

Is it power you need? Our line of power rectifiers and accessories —
the world’s most complete — is one you can really get your teeth into.
Our silicon rectifiers and assemblies give you the exact current level
you require: Over 400 standard rectifiers from 400 mA to 500
amperes. And the things you need with them, like surge arrestors,
contact protectors and heat sinks.

Our selenium rectifiers provide highest voltage-to-current-density
ratios on the market. Milliwatts to megawatts in stacks, cells,
cartridges or diodes.

Write for International Rectifier's 32-page Product Selection Guide,
covering not only our rectifiers, but SCRs, triacs, zeners and more.
From the Power House, 233 Kansas Street, El Segundo, Calif. 90245.

INTERNATIONAL RECTIFIER




NEWS

(Laser method, continued)
and had found them too powerful
for the purpose. They tended to
damage the sapphire substrate, he
said.

However, a YAG laser manufac-
tured by Korad, a division of Union
Carbide, Los Angeles, has been

used to remove metal from inte-
grated circuits. Rod Waters, man-
ager of applications engineering at
Korad, says the laser was intro-
duced at the Western Electronic
Show and Convention in 1968. It
sells for $20,000, including special

-optics that allow the operator to

direct the beam to the desired spot
on the circuit. Although the equip-

Birth of a silicon-on-sapphire array, step by step

A silicon-on-sapphire array is
made by growing a film of n-type
silicon 1 micron thick on a sap-
phire substrate and following
with two diffusion steps:

1. A network of p-} islands
is diffused into the silicon.

2. An n+ channel is diffused
between each row of p- islands,
leaving a narrow strip of n-type
silicon at what will become the
diode junctions. This n-strip is
left to increase the breakdown
voltage of the diodes.

The next step is to isolate n-+
from p-} everywhere except at
the junctions, by, selectively etch-
ing down to the sapphire sub-
strate. Metal strips are then
deposited at right angles to the
n- channels, and small flaps of
metal connect with the p+ sili-
con through holes in the oxide
covering the p-} island. An oxide

ment is normally used for trimming
thick and thin-film resistors from
a ceramic substrate, Waters says,
it has also been used to remove
metal from monolithic integrated
circuits.
Questioned

about the Korad

equipment, Sypherd said he had
not been aware it could be used
for this purpose. mm

layer over the silicon lines in-

sulates the two conductors at

the crossovers in the matrix.
Encoding is done by removing

the metal flaps from diodes that
are to represent logic “0.” The
remaining metal-covered diodes
represent logic “1.”

Apollo lunar module was tested to the nth

The lunar module, scheduled to
take two astronauts to the surface
of the moon and back to the or-
biting command service module
this summer, is one of the most
thoroughly tested items in the
whole Apollo program.

During early vibration pad test-
ing (see photo), Grumman engi-
neers mounted transducers on key
areas of the lunar module structure.
These generated data signals that
were processed by a constant-
bandwidth frequency-division mul-
tiplex system and recorded on
magnetic tape. Some 140 channels
of data were displayed on an oscil-
lograph for reference and analysis.

A time-code generator, developed
by Chrono-log Corp., Broomall, Pa.,
provided a code that was recorded
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Lunar m

odule on isolation platform undergoes vibration testing at Grumman'’s

degree

Environmental Laboratory at Bethpage, N. Y.

on magnetic tape along with the
data obtained during the vibration
studies. This made it possible for
engineers to compare data at any

particular instant in time as well
as learn the precise moment of
resonance or failure of any part of
the LM structure. mm
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NOW...
aluminum-cased
electrolytics

from a U.3. capacitor

m
_.LI.L.LLU.“.Amperex has the solution to the problem

of delivering top-quality electrolytics at mass-produced prices
in production quantities, from stock.

The solution is a brand new, million-dollar, fully-automated plant
—right here in the U.S.A., in Hauppauge, New York.

Automation of production and quality control combined with a
computerized order-processing system has resulted in meaningful
mass-production economies. For the first time, you can get top-quality
electrolytic capacitors, in production quantities, from stock,
at prices competitive with the imports.

Through the use of ultra-high-purity etched foil and associated
electrolyte...plus an exclusive double-cathode tab construction, we are
producing the highest CV-product-per-can-size available.

Sealed in aluminum cans and insulated with the famous
‘““Amperex blue'’ polyester sleeves, Amperex dry electrolytics operate
efficiently from —40°C to +85°C. No other line, domestic or imported
offers the Amperex combination of smaller size, higher performance,
lower leakage and higher stability.

Amperex electrolytic capacitors are available in a wide range of
capacitance and voltage ratings in both axial lead and vertical
configurations. They are packaged to suit the requirements of the user
...in oriented bulk or ‘‘ammo-pack."

For more information phone: 516-234-7000
or write: Component Division, Amperex Electronic Corp.,

Hauppauge, New York 11787.

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS




WHEN ONE INSTRUMENT MEASURES
RETURN LOSS, VSWR, GAIN, INSERTION
LOSS, FREQUENCY RESPONSE, ABSOLUTE
POWER, AND LOCATES FAULTS,TOO...

YOU’'VE GOTA

MICROWAVE LAB IN A BOX!

Look what $1830 will put on your bench. The Alfred
8000/7051 Sweep Network Analyzer is the eco-
nomical, convenient way to do all of the functions
of a SWR meter, power meter, ratiometer, lin log
converter, precision attenuator and oscilloscope.
Onelow price includes everything but the directional
coupler and crystal detectors. All measurements
are made over a 60 db dynamic range with either
direct db or dbm readout.

Fast measurements with high accuracy. Measure
return loss and insertion loss or gain simultane-
ously at fast sweep speed for oscilloscope display.
Digital readout for accurate measurements.

Applications notes 101 & 105 tell all. For complete
information on the Alfred 8000/7051 Sweep Net-
work Analyzer, please write for Applications Notes
101 and/or 105. Note 101 provides detailed appli-
cations data for all measurements, including noise.
Note 105 offers information on the use of the
analyzer to test microwave transmission systems,
including coaxial cable and waveguide runs. Please
address Alfred Electronics, 3176 Porter Drive, Palo
Alto, California 94304. Phone: 415-326-6496. TWX:
910-373-1765.

ALFRED ELECTROMICS

INFORMATION RETRIEVAL NUMBER 27

38

EvLEcTRONIC DESIGN 3. February 1. 1969



Mars: to be part of the Grand Tour

Ten-year space flight contemplated

Although only token funds will be
drawn from the NASA budget this year
for the so-called “Grand Tour”

of neighboring planets, space agency
officials are expected to seek funding
for the program during fiscal year
1971. Dr. Thomas O. Paine, NASA’s
acting administrator, has stated that
such a program must be initiated by
late fiscal 1971 or early fiscal

1972, if we are to take advantage of
the launch window that is due to open
up in 1977.

The Grand Tour involves launching a
highly instrumented, unmanned spacecraft
into deep space at a time when the
outer planets are in such alignment

that a spacecraft can best take advantage
of their ‘“grab-and-whip” gravitational
effects in its voyage around the

solar system. This ideal condition

occurs only at roughly 150-year intervals.
Thus, if a launch is to be made in

our own time, it must be done in either
1977 or 1979.

According to Dr. John E. Naugle,
associate administrator for Space
Science/Applications, the trip to Mars,
Jupiter, Saturn, Uranus and Neptune
will require just under 10 years.
Cost of such a program, he says,

will depend on the type of spacecraft
and launch vehicle selected. Naugle
estimates a $1 billion cost, if a
1600-1b vehicle is launched atop a
Titan IIID/Centaur. A more costly,
but much heavier, payload could

be sent into space by using the

giant Saturn V with a nuclear final
stage. The latter could provide
continuous propulsion throughout the
mission and would permit greater
flight flexibility.

Costs aside, many problems remain to
be solved associated with the venture.
Dr. Paine says that, in advance of the
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Grand Tour, space probes must further
study the meteoroid belt beyond Mars
and investigate the intensity of the
magnetosphere around Jupiter. While
state-of-the-art electronics technology
probably can provide onboard systems
that are capable of operating for as
long as ten years, a more critical
problem exists with regard to fuel
storage systems: Fuel tanks must be
developed that are capable of
retaining pressurized fuels throughout
this long a time span.

The communications problem, by itself,
is not deemed critical.

NASA to continue UFO studies?

Some UFO stalwarts apparently are
hard to convince. One of these is

Rep. William F. Ryan (D.-N.Y.)

who takes issue with the recently
released “Scientific Study of
Unidentified Flying Objects,” prepared
under an Air Force contract by the
Univ. of Colorado. The findings

in that report indicate that “. . .
further extensive study of UFOs
probably cannot be justified in the
expectation that science will be
advanced thereby.” Rep. Ryan countered
on the floor of the House by

urging the President to “. . . give this

- responsibility to NASA.”

He urged “that NASA be required to
submit a yearly report on the UFO
problem to the President, to the
Committee on Science and Astronautics
of the House of Representatives, and
to the Committee on Aeronautical and
Space Sciences of the Senate.”

Over a year ago the Air Force,
apparently fed up with criticism of
its research and evaluations of UFO
sightings, moved to blunt charges
that its investigating teams were
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covering up a potential threat to Earth.
It gave a $500,000 contract to the
Univ. of Colorado, which, in turn,
established a team of scientific
experts—all civilians—to look

into the problem. Their report
essentially corroborated previous

Air Force conclusions. Before the
report was released, it was reviewed
by the National Academy of Sciences.
That prestigious body added its stamp
of approval to the study’s conclusions.

Rep. Ryan believes the report errs in
recommending that an end be made to UFO
studies. Says the Congressman: “At a
time when astronauts are exploring
outer space and preparing to land

on the Moon, it is remarkable that the
UFO problem should be discounted.”
He further declares that the Government
“. . . has an obligation to continue to
explore every facet of this problem

until all the evidence—scientific

and otherwise—is in.”

Laird against strategic parity

Prior to his confirmation

as Defense Secretary, Melvin

R. Laird let it be known before the
Senate Armed Services Committee
that he was opposed to a policy that
sought to achieve world armament
balance through strategic parity. He
expressed concern over the inconsistency
shown in the Soviet attitude toward
peace and declared that, as Secretary
of Defense, his primary responsibility
would be to assure maintenance by
the U. 8. of superior military force.
With this approach he asserted,

this nation can ‘. . . always negotiate
from a position of strength.”

While undergoing committee questioning,
Laird was asked by Sen. Margaret

Chase Smith (R.-Me.) to state his
position on the desirability of maintaining
nuclear parity between the U.S. and
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the U.S.S.R. Laird answered that
“I disagree with that theory. It is
is absolutely important that the
United States maintain a superior
position.”

Laird also indicated

that the Soviet’s display of military
force in Czechoslovakia had served to
set back U.S.-U.S.S.R. missile
negotiations by as much as one year.

Apollo 8 support critical

While the Apollo 8 spacecraft and its
three-man crew held the world’s
attention last December, a whole

series of unmanned space vehicles that
provided critical backup support
received much less notice. Among

these were 13 spacecraft that provided
direct support, and at least eight
others that offered indirect support.
The satellites provided the highly acclaimed
television relay and handled N\ASA’s
global tracking communications,
provided the meteorological data

that cinched the launch date and the
gsplashdown location, and monitored solar
radiation. Some of these vital

spacecraft were launched and made
operational only a few days before

the start of Apollo 8.

For communications, the older Intelsat
II spacecraft stationed over the
Atlantic and Pacific Oceans were joined
only three days before launch

by the larger Instelsat III. Together
with ATS-I and -III satellites, they
relayed TV broadcasts to many parts
of the world and filled gaps in NASA’s
communications network.

For weather prediction, a new weather
satellite, ESSA VIII, was placed in
orbit six days before the Apollo

launch. Data from all ESSA satellites,
combined with reports from hundreds
of surface stations, were processed
for NASA’s use by the Spaceflight
Meteorology Group at Suitland, Md.

The solar-orbiting Pioneer satellites

and the HEOS-I, which is in elliptical
orbit between the Earth and the

Moon, worked to supply continuous
reports on cosmic radiation, the strength
of the solar wind and the extent of
solar storms.
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This new Hewlett-Packard instrument can’t
decide if it’'s a wideband RF sweeper or a
versatile signal generator. No wonder—it’s
both.

Covering 100 kHz to 110 MHz, the HP 8601A Gener-
ator/Sweeper combines the high linearity and flatness
of a precision sweeper with a signal generator’s fre-
guency accuracy and wide range of calibrated power
levels. Though it's small and lightweight, it does the
work of two instruments easily and conveniently.

As a sweeper, its 0.5% linearity and 1% frequency
accuracy give you calibrated displays without having to
use markers. Output flatness is +0.25 dB over the full
range. Three sweep functions—full, video and sym-
metrical—let you shift from broad to narrow sweep
with the flick of a switch. You can vary the sweep
speed, fast enough for flicker-free display, slow enough

personality

OUTPUT LEVEL
VERNIER

S—— ,-v"(dﬂ
IkHz MOD
OFF  AM
- -

for high-resolution recording. And set the trigger for
manual, line sync or free run.

As a signal generator, the 8601A output is accurate
to +1 dB from +13 dBm to —110 dBm. The digital
frequency dial is accurate to 1% of frequency; higher
accuracy is achieved with 0.01% crystal checkpoints
at 5 MHz intervals. Internal modulation is 1 kHz, AM
or FM, or you can modulate externally.

The HP 8601A offers many more features that satisfy
a wide range of lab and production requirements.
Price: $1975.

No sense developing a split personality yourself, strug-
gling with several instruments. Let your HP field engi-
neer give you complete details on how the HP 8601A
alone can fill your RF sweeper and generator needs.
Or write to Hewlett-Packard, Palo Alto, Calif. 94304;
Europe: 54 Route des Acacias, Geneva.

i

HEWLETT (hp; PACKARD

SWEEP SIGNAL GENERATORS 04809
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| SUPERIOR
COAXIAL
ATTENUATORS

burnoul

The 3 Model 10 Attenuator has an
average power handling capacity
of 10-35 W, and 10 kW peak. These
medium power attenuators are
commonly used to prevent burnout
or overloading of sensitive equip-
ment. They are calibrated at four
points over their DC-1.5 GHz fre-
quency range, and can also be
used as standards of attenuation in
loss measurements.

NOM. POWER INPUT
MODEL | ATTEN. AV. PEAK

(dB) w) (kW)
10-1 1 35 10
10-2 2 18 10
10-3 3 15 10
10-4 4 12 10
10-5 5-20 10 10

to

10-20

¥ stainless steel Type N connec-
tors assure maximum life with mini-
mum wear. The custom made film
resistors are artificially and stabil-
ized to give maximum stability
under peak pulse power and ex-
treme temperature and humidity
cycling.

Designers and
Manufacturers of Precision
Microwave Equipment

WEINSCHEL

Meet the mind expanders

Gaithersburg, Maryland

ENGINEERINJ
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SIDELIGHTS OF THE ISSUE

Who are the mind expanders? Dr. Douglas Engel-
bart (photo above and on the cover) is one. He uses
the computer to augment human intelligence. Englebart
is principal investigator for the Stanford Research Insti-
tute’s Augmented Human Intelligence Research Center.

Some years ago at MIT, where he first began his work,
Englebart concedes, he was known as “something of a
nut.” During this period he met someone who perked
up at the mention of his name:

“Englebart? Oh, yes, I've heard of you. You're the—"
and the man balked self-consciously.

“Nut?”’ Englebart volunteered.

“Yes,” said the new acquaintance, “but a solid nut.”

For an insight into the solid progress that Englebart
and his not-so-nutty group are making at SRI, turn to
page 25.

And speaking of the mind . . .

. . . You, too, can be creative

Is it possible to increase your brain power? If you
are intelligent, can you be turned into a creative engi-
neer who can solve complex problems in unique ways?
Dr. Wilmer C. Anderson, research director of the Gen-
eral Time Corp., Stamford, Conn., says it’s possible. But
—and it’s a big “but’—a company must establish the
proper environment, and engineers who would improve
must apply themselves seriously.

Starting on page 66, Dr. Anderson, who holds more
than 40 patents for ideas he has developed, gives some
basic hints on how to put a creative program into
practice.
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Stack 'em, rack 'em
or mount 'em anywhere

HERE’S A DIGITAL This Series 800 MDS Digital Strip Printer ... only 5% " rack height ordi-

STRIP PRINTER
THAT SPLITS IN TWO... permitting half-rack mounting, remote operation or other configurations.

narily . .. is designed with the print-head in one chassis, and another
chassis containing the solid-state electronics and power supply, thus

Featuring a standard 8 columns (9, 10 or less than 8 columns avail-
able) and a 12 lines per second speed, the 812 D-8 has a 10 decimal-
digit printout, plus a choice of one of three sets of additional symbols
which can be easily changed by changing print-drum indexing.

This model is supplied ready for operation with all the required elec-
tronics, integral power supply, attractively-styled cabinet with satin-finish
aluminum trim and even a roll of paper. Just plug it in!

The printing mechanism slides forward on full-suspension, ball bear-
ing glide rails for complete inspection and quick, easy paper loading.
Series 800 units are uniquely flexible, with great capability in small
space. The price is lower than for other printers that are a generation
behind!

These units feature simple maintenance with ‘“down-time” the excep-
tion, rather than the rule. Warranty: 120 days.

ASK FOR: The MDS folder-file on Series 800. .. gives general specifi-
cations and more complete information.

FOR MORE —-MEET YOUR MAN FROM MDS
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MDHAWK[__’\\_//Z]RU

DATA SCIENCES CORPORATION

OEM MARKETING
122 EAST RIDGEWOOD AVENUE ¢ PARAMUS, N.J. 07652
Telephone 201/265-7333

Every MDS office is an OEM Marketing office

DIGITAL STRIP PRINTERS * BUFFERED TAPE UNITS
HIGH-SPEED AND LOW-SPEED LINE PRINTERS

CARD PUNCHES AND READERS

PAPER TAPE PUNCHES AND READERS

REGIONAL MANAGER OFFICES

Waltham, Mass. . . . . . . . . Tel 617/891-4430
Jacksonville, Fla. . . . . . . . Tel 904/721-3422
Des Plaines, IIl. . . . . . . . . Tel. 312/827-7178

S. San Francisco, Calif. . . . . . Tel. 415/761-0750
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Complex LSI’s have just
been assured a glorious future.
We’ve put them into the
Tomorrow Class.

Take the complex array in the
picture for example.

512 MOSFETs arranged as
approximately 100 logic gates.
To perform the functions of a
seven stage counter, with
decoding and a monostable
multi-vibrator.

In real life that LS| measures
0.116” by 0.082". A little smaller
than a large size fleck of pepper.

In real life it's a Tomorrow
MOSFET. With all the earmarks
of Tomorrow.

Like a two-volt threshold for
compatibility with existing bipolar
logic—with the ability to operate
at higher voltage levels.

With lower channel resistance.

We think all complex arrays
will be built that way someday.
So you'll have a freer hand in
design. So they’ll operate faster.
Use up less power. And eliminate
level translators.

Tomorrow is just ahead of
schedule at'Hughes.

Write Hughes MOSFETS,

500 Superior Ave., Newport Beach,

Cal:fornla 92663.

;HUGHEs;

I_ __________________ x|
e OSFET DEVICES

MOSFETS:|

GO

OMPLEX.
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EDITORIAL

Turnover is a fact of life:
It’s here to stay

Job hopping among managers and executives has risen fivefold
since the Korean war years, according to a recent article in
FORTUNE (November 1968). The article—a sixteen-year project
of Prof. Eugene E. Jennings of Michigan State University—cited
a study of 1500 executives in 500 large corporations in which it
was found that job hopping was especially prevalent with managers
who were one-to-five years out of college—particularly among those
who had been on their first job for 30 to 40 months.

Aerospace firms, for example, reported that their managerial-pro-
fessional losses were up from 1.5 per cent a year to 18 per cent;
for electronics firms, they were up from 2 to 17.9 per cent.

Is this a temporary phenomenon? Or does it represent a com-
pletely new development in company-employee relations?

Many psychologists believe that job switching represents more
than a passing phase. They predict that, more and more, tomorrow’s
middle managers and top executives are going to have this itch to
move on. Jennings found that “movement is no longer a means to
an end but an end in itself. In mobility, the manager finds a challenge
incomparably greater than that faced by the previous generation.”
He says that ‘“the new generation finds that mobility brings com-
petency, whereas the premobile generation (back 20 years or more)
believed that competency brought mobility.”

How can corporations live with the growing problem ?

They can, of course, try to hold on to their valued employees by
not hiring applicants who exhibit traits similar to those shown by
employees who resigned. But, as the FORTUNE article notes, this
is a surefire formula for mediocrity. Studies have shown that the
men who leave are, often, better than the men who stay on.

Another approach is to provide a bundle of super-rapid promo-
tions, fat salaries with frequent raises and lush stock options to
win loyalty. The problem here, as noted, is that with this approach
mediocre men tend to be locked in for life. Second-raters soon begin
to clog the channels of advancement.

Again, there is no simple way out of this dilemma. Companies
must realize that it is better to risk the occasional loss of good men
than never to have attracted them in the first place, or, worse yet,
to suppress their yen for greener pastures with rewards they do
not really seek. The wise company will make the most of its highly
talented men, while it can; it will even help them pursue their
development elsewhere.

What we think it means is this: cede to the ablest members of
the corporation what the corporation rightly insists upon for itself;
namely, the right to maximum choice and mobility.

RALPH DOBRINER
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Need a
“bench buddy’’?

Get a Variac® adjustable
autotransformer
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Every lab bench should have a source of
continuously adjustable ac voltage. Like a
Variac, for example. To be specific, the
new cased W8MTS3 Variac or its metered
counterpart, the WBMT3VM. Both putac
line voltage control conveniently on your
bench and at your fingertips.

Variac autotransformers are clean; unlike
SCR’s, they do not achieve low voltage by
destroying waveform purity. A Variac
simply lowers the amplitude of the sine
wave and never adversely affects power
factor. A Variac can be quite cool about it
too; it transforms power instead of dissi-
pating it as useless heat. And, because a
Variac is clean, pure, and cool it has the
strength of ten . . . it can withstand a
short-time overload of as much as 1000%
above rating.

INFORMATION RETRIEVAL NUMBER 32
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e Es\'y%{ﬁﬁ&

So if you're looking for a ‘‘bench buddy''*
get one that's clean, pure, cool and has the
strength of ten . . . a Variac. It's the best
friend you can have alongside you at a
lab bench.

Specifications:

Input: 120 V, 50 to 60 Hz

Output: 0 to 140 V, 10A

Price: W8MT3 Variac, $38.00; W8MT3VM
Variac with voltmeter, $68.50.

*Do your voltage-control problems go beyond
the bench? Write for complete information.
We've got hundreds of models for thousands
of applications.

IMMEDIATE DELIVERY!

GENERAL RADIO

W. Concord, Massachusetts 01781
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Shed light on photodevices: their selection Creativity can be developed. This R & D chief
and circuit design considerations. Page 60 gives you tips on just how. Page 66

Also in this section:

Sense current and voltage signal levels at high speed and low cost. Page 48
Build a better frequency comparator. Page 54

Ideas for Design. Page 72
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Sense signal levels with a tunnel diode
A simple threshold detector combines accurate high-speed
sensing of current or voltage with low cost.

Threshold sensors—circuits that detect the
presence of specified signal levels—are finding
wide use as systems grow in complexity.

Among their many uses, threshold detectors
can act as hard-limiters—filtering out unwanted
information in incoming signals while retaining
the frequency components. This function is
"especially useful in phase-lock loop systems,
where amplitude variations are merely undesir-
able noise. They are key elements in threshold
logic circuits.

Both of these functions, and many more, can
be performed by a tunnel-diode threshold de-
tector. The circuit is temperature stable, low in
cost (on the order of $3); fast (a few nano-
seconds), and lends itself to worst-case tempera-
ture analysis.

Tunnel diode enables bistable operation

The negative-resistance characteristic of the
tunnel-diode (Fig. 1) is the heart of the circuit.
This characteristic makes possible a definite
change of state in the sensor when the tunnel-
diode current exceeds the peak current I,. The
output voltage, taken from the collector of an
isolation transistor (Fig. 2), falls abruptly when
the diode changes state. Thus the output voltage
is near V, the supply voltage, while the input is
low ; when the input current exceeds the threshold
value, the output voltage drops to approximately
zero volts.

The operation of the sensor is easily analyzed.
Assuming that @ is initially off, we can form the
Thevenin equivalent of the circuit external to the
diode, and represent the behavior of the combi-
nation on the diode characteristic as a load line
(Fig. 3). As the input current I,y is increased
(corresponding to a change in V;, for the load
line), the load line moves from line 1 to line 2,
and the operating point moves up along the first
positive-resistance region. When the operating
point reaches the peak current point, I,, its volt-
age-coordinate will jump to a new equilibrium

Donald B. Heckman, Electronic Design Engineer, Ameri-
can Machine and Foundry, Alexandria, Va.
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point on the second positive-resistance region.
This assumes, of course, that the slope of the load
line is small enough so that it intercepts the peak
point and the second postive-resistance region
simultaneously. When the transition occurs, the
transistor turns on and the operating-point volt-
age-coordinate is determined by the combined
circuit characteristics.

The speed at which the transition of the diode
takes place is limited by its inherent junction-
capacitance, and typically is on the order of a
few nanoseconds.! The switching speed of the
diode-transistor sensor is thus determined by the
switching speed of the transistor used.!

A useful design approach, which allows for
worst-case analysis and takes a minimum of time,
is as follows:

(1) Choose a small-signal switching transistor:
Normally, a silicon transistor will be preferred,
for the temperature stability that silicon of-
fers. It should be a switching transistor, because
these transistors will operate in this switching
mode faster than other types, and because forced-
beta (Br) specifications—needed for proper de-
sign—are available for switching transistors.
(2) Choose a tunnel diode: Of the three types
available—silicon, gallium arsenide, and ger-
manium (see Table) —the high price of the sili-
con diode will probably rule out its use.

A gallium-arsenide diode characteristic nicely
complements the silicon transistor: The peak
voltage V, (Fig. 1) is less than Vyz., of the
transistor, so that the transistor remains off for
diode voltage V,; and the forward voltage Vy, is
greater than Vi, .., so that the transistor can
be firmly turned on when the circuit changes
state. However, the GaAs diode is almost five
times as expensive as the germanium device.

In view of its low cost, the germanium diode
is usually used; the slight incompatibility in
characteristics can be compensated for by the
addition of a resistor in series with the diode.
The voltage drop due to the peak current, I,
flowing through this resistor plus the forward
drop of the diode, V;;, is sufficient to turn on the
gilicon transistor. The series resistor, R,, must be
chosen small enough, of course, so that when the
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Table. Tunnel-Diode Parameters

[ Gallium
i Germanium Arsenide Silicon
Price* $1.10 $5.00 $15.00
/1, 8 15 3.5
v, 0.06 V 015V | 0.07V
Ve 0.35V 0.50 V 042V
Vi 0.50 V 1.10 V 0.70 V

*approximate, 1-10 units

diode is in its low state the voltage across the
resistor is not sufficient to turn on the transistor.

The diode should have a peak current [, that
is not more than twice the value of I,y at the
threshold point. This will ensure that the value
of the bias current I,;,. will not be close to Ip.
(If I,:.. is very nearly equal to I, the circuit will
be susceptible to instability, due to temperature
drift and production tolerances in the component
values).

(3) Determine the value of Rj:

(a) Draw the transistor base-emitter charac-
teristics on a semi-log paper, with V;; on the
linear scale and I; on the logarithmic scale, for
the required temperature extremes (Fig. 4).

(b) Draw the diode characteristic curve on
linear graph paper (Fig. 5); then determine
from the manufacturer’s data the minimum Vg,
at the low-temperature extreme, and plot this on
the characteristics. Draw a second positive-re-
sistance region—parallel to that obtained from
the characteristic curve—thru this minimum.

(c) The total current flowing in the diode, just
prior to its change to the high-voltage state, is 7.
We can assume, to a good approximation, the
current into the base is zero, and so the total
current into node V; is Ip.

Just after turn-on, this same current, I,, is
flowing into Vj and dividing between the base
branch and the diode branch of the circuit (V,y
and R,y are assumed to act as a current source).
We must assume an initial base-current after
turn-on, and then check that this current does,
in fact, flow by comparing V;; against the tran-
sistor base-emitter voltage curves (Fig. 4). We
assume that the base current, I;.oy), is 0.2 I,.

(d) For the worst case assume that the diode
switches at Ip.,.i,, (obtained from the manufac-
turer’s specifications). Then this is the current
that must divide and flow into the base and diode
branches.

(e) Determine V.., at the assumed value of
I;n), using the low-temperature base-emitter
curve (Fig. 4).

(f) Using the diode curve plotted for
Verminy at the lower temperature extreme (Fig.
5) determine the tunnel-diode voltage, V,, at
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1. The negative-resistance characteristic of the tunnel
diode is the heart of the threshold sensor. The circuit
changes state when the input current to the diode ex-
ceeds the peak current I. :

Rp3 ‘ Igias 3Re
9 —0 Vour

IIN v IB
o B =

Vin O VWA b4 Q

Rin Rp ::‘ Irp
™
S )

2. The threshold sensor uses a tunnel-diode transistor
combination to provide output drive capability. The cur-
rent through the diode is a measure of the voltage V.
When V,y rises enough to cause |, to flow through the
diode, the output voltage V., suddenly drops to the
“low' state. ;

+Viy
LA e e e e e R
R
I
i
! Vip
I e e I
| =
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e i THEVENIN
hel R i (i ol R o EQUIVALENT
2/ @ - L5 CIRCUIT
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7R,
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3. An equivalent voltage source and series resistor feed
current to the tunnel diode. This combination yields load
lines as shown, with slope depending on the series re-
sistance and position depending on the input current
l;x. The operating point moves up with the load line
as l;y is increased until it reaches I, then it jumps to
the second positive resistance region. The output voltage
Vour drops suddenly as the circuit changes state.
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4. The base-emitter characteristic of the transistor used
must be drawn for the temperature extremes at which
the circuit must operate. These curves are used in the
iterative design procedure to ensure that the transistor
remains off when the input current is below the threshold.

Ip=0.53mA e
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\
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5. The lowest V., expected over the operating tempera-
ture range of the sensor is plotted on the diode curve.
This voltage, added to the voltage drop across the re-
sistor R;,, must be sufficient to turn on the transistor.

Vin O +12V dc

2 Rc<;j— Cc

9.1k3 0.0068LF

IN H}—M——‘VW— =

Ci 1k 10k
3BuF  Hey +20%
15V

TD710

6. An ac coupled threshold detector senses the peak
values of a 10 kHz sine wave, if they exceed a preset
level. The diode connected from base to emitter dis-
charges the coupling capacitor during the negative half-
cycles of the input waveform.
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a 'diode ‘current of JIr5 — (Lptnin) —"15tarny)
(The voltage is on the second positive-resistance
region of the curve.) ;

(g) Using the value of Vyn found in (e),
and the value of V;, found in (f) calculate

Rn s (V/mm) T V’l‘/)) /I'I'n-

(h) Now, determine that this value of R, will
not allow the transistor to turn on prior to diode
turn-on, under worst-case conditions. Just prior
to diode turn-on, the base voltage will be the
sum of the maximum peak voltage of the diode
and the maximum current times the series re-
sistor. These maximum values are obtained from
the manufacturer’s diode specification sheet, for
the temperature range that we require. Thus:

anm — Vl’unux) + Il’(m:\x) R[J

(i) From the base-emitter curves at the upper
temperature extreme (Fig. 4), determine the
maximum value of I, corresponding to V.
in (h). This is the base current which could flow
just prior to diode turn-on. It should be small
enough so that the transistor is essentially off, or
just entering its active region (see the manufac-
turer’s data to determine whether the transistor
is off with this base current). If the transistor
is on, the value of R, must be made smaller.

(j) The diode will turn off again, and the cir-
cuit will change to its original state, when

Irp = 1.
(4) Assume that Ign, ts 0.2 Ip as in 3¢, and
calculate I s

Iw:nr :ﬂl“ Ilf(nn) — BF (0'2 II’)
Then R. = V/I, ...
(5) If the diode is chosen with I, = I\, then
a bias resistor must be provided to supply the bias
current (I, —Iin,) = Iyias, Where I1y, is the input
current for which the sensor turns on. This re-
sistor is given by :

Ry= [V — (Vp + Ip Rp) ] /1.
(6) If the sensor is to be used as a wvoltage
sensor, Ry must be chosen such that

Rn= (V: — (Vp -+ Tr Rp) )/’/(11' — ILyias),
where V, is the input voltage for which the
sensor turns on. The design is now complete.

Design a sensor to your specifications

Suppose now that we want to design a voltage-
level sensor, to be adjustable from a 1.5toa 3V
threshold at room temperature, to derive power
from a 12 V dc supply, and to operate over a
temperature range of 0° to 70°C.

(1) First, we choose a transistor that is com-
patible with our speed requirements and power
supply voltage. In this case a GE 2N3415 was
initially chosen.

(2) We select a tunnel diode, usually a ger-
manium diode, for its low cost, as discussed
earlier. A GE TD710 was chosen for this design.
(3) (a) We then draw the base-emitter charac-‘
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teristics of the transistor at 0°C and 70°C, as
shown in Fig. 4.
(b) We-obtain the diode curve (Fig. 5) from
a curve-tracer plot. From manufacturer’s data
we find that Vermin, at 0°C is 450 mV. We plot
this and draw the corresponding second positive-
resistance region.
(¢) We assume I, = 0.1 mA.
(d) Neglecting the small temperature effects
we know, from the manufacturer’s data;
II'(min) = 0.45 mA.
(e) From the 0°C curve of Vyy for our tran-
sistor (Fig. 4), we observe
Vll‘l‘,'(uu) == Vlg(on) = 0655 V
(f) ITI): (Il‘(miu) T IB)
= (0.45 — 0.1)
— 0.35 mA.
Using the Vipouin, at 0°C curve (Fig. 5) for
I, — 0.35 mA, we find that V;, ~ 043 V
(g) Rp= (Vs — Vin) /Irp
— (0.655 — 0.43)/0.35 — 643 Q.
(h) From manufacturer’s data, for 70°C,
Ip(max) =~ 0.588 mA, Vpmax) =~ 80 mV
and thus
VB(otf)max p— VP(max) + IP(nmx) RD
— 80 mV + (0.588 mA) (643 Q)
— 458 mV.
(i) From the 70°C base-emitter characteris-
tic curve,
Ilf(ofr)max ~ 0.027 mA (at Vlf(oft)mnx

— 458 mV).
Now Ipony/Iporry = (011)/¢0:0:210) = 3.1.
Obviously, I;.ima 18 not small enough, since
L is related to the saturated collector current

by a forced beta (Br) of 20.

For the next trial, we choose I, less than 0.1
mA. We start with step c in the design procedure
and skip the repeated steps.

(c) Igeom = 0.07 mA

(e) Vle(nn) = Vlﬂnn) ~ 0.643 VvV

(f) I,p= (0.45 — 0.07) = 0.380 mA
and V,, ~ 0.435 V.

(g) RD—_— (Vlf(on) g VTI))/ITD

— (0.643 — 0.435)/0.380 — 548 Q.
thus we use a 549-ohm 1% precision resistor, the
nearest standard value.

(h) Vmorf) = (VI’(max) + Il‘(max) Rn)

— 80 mV -+ (0.588 mA) (549 Q)
=402 mV.

i) Iz =~ 0.0052 mA, which is less than one-
tenth of Izn. Further, if 8, = 20 and Ipon =
0.07 mA, then I, (.., = (20) (0.07) = 1.4 mA. For
the 2N3415 at 70°C, hry ~ 550, and thus for an
L ortymax OF 0.0052 mA, an I. of (5650) (0.0052) or
2.86-mA could exist if not limited by the load

resistor. If a 2N3414 is used, which has essential-

ly the same V,; characteristics as the 2N3415 but
a maximum #h,; of 250, then under worst-case
conditions, with base ‘current I max, the collec-
tor current I. will be 250 (0.0052) — 1.3 mA.
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The 2N3414 would still be in its active region
when the diode switched under worst-case
conditions.
(4) Icsatzﬁl" IB(un) = (20) (0-07)
R, — V./Iear = 12 V/1.4 mA
= R8.56 k(.
We use the nearest standard value: a 9.1 kQ.
(5) The use of a bias resistor is not necessary
since high input-impedance is not required.
(6) Rw = 1[Vr — (Ve + 1o Rp)1/1»
SO RINluax — [VTmax S (VI’miu + Il’min RD)]/
Il'lnin
~ [8 — (0.05 + (0.45) (0.549))1/
0.45
= 6.0 k,
and Ruomin = [Vrmin —
Lpmax
~ [1.5 — 0.08 4 (0.55) (0.549)]/0.55
= 2.04 k.

Thus we use a 10-kQ potentiometer in series
with a 1-kQ fixed resistor.

This circuit was built by the author and used
in an ac-coupled configuration (Fig. 6) at a fre-
quency of 10 kHz. In this application, it was de-
sired to sense when the peak voltage of the 10-
kHz sine wave was greater than the threshold
voltage. The conventional diode from base to
emitter provides for discharge of the coupling
capacitor during the negative half-cycle of the
input. The capacitor in the collector circuit is
used to filter the pulses, so that as long as the
peak voltage of the input is above V;, the output
is in a low voltage state. mm

(VPmax + IPmax Rl_)) ] /

Reference:
1. Millman and Taub, Pulse, Digital and Switching

{/gg;eforms, Chaps. 12 and 13. McGraw-Hill, New York,

Bibliography:
. Lynch, T. H., “Cross zero with a tunnel-diode
switch,” ELECTRONIC DESIGN 14, July 4, 1968.

2. General Electric Semiconductor Data Sheet 70.27, -
Nov. 1966.

Test your retention

Here are questions based on the main
points of this article. Their purpose is to
help you make sure you have not overlooked
any important ideas. You'll find the answers
in the article.

1. What limits the speed at which the sen-
sing circuit changes state?

2. What are three reasons for using a
silicon switching transistor?

3. Why 1is the gallium arsenide tunnel
diode especially suitable for use with a sili-
con transistor? Why is a germanium diode
normally used?

4. Why must the current I,y be at least
one-half the I, of the diode?
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The Engineering World
Is Full Of Great Ideas, But...

What you do with your ideas is a
measure of your progress. Getting
an idea is not always easy. Trans-
forming that idea into reality — and
proving it — that's where the work
really begins!

At HP, we're using the best of our
ideas and years of experience in
design and production of measure-
ment instrumentation to make the
job of turning your ideas into realities
easier and faster.

Take the HP 180 Scope System as a
case-in-point. It now has a sampling
system that allows you to see 12.4
GHz. This sampling system circuitry
contains step recovery diodes which
produce nanosecond rise times with
high power. Dr. Frank Boff was using
the first practical gigahertz sampling
scope—the HP 185—to analyze the
effects of different combinations of

660

“p"” and ‘n” material when he dis-

covered the step recovery diode.
Other research by Hewlett-Packard
Associates produced the hot carrier
diode that made the 12.4 GHz system
practical, provided an extremely fast
sampling gate, simplified circuitry
and gave greater reliability.

The engineering world has been
plagued for years with inaccuracies
caused by capacitance when mea-
suring high frequencies and nano-
second rise times. We fought this

o0
9

problem, also. HP Microwave Divi-
sion’s experience with high fre-
quency 50 () transmission systems
led to development of the 50 () input
system for the 100 MHz 180 scope, so
you have a near-perfect termination
— regardless of your signal fre-
quencies.

A few years back, to design connec-
tors, circuits, antennas, strip lines,
and similar component parts, you
had to measure all around the prob-
lem. Then to get where you needed
to be—to find out what, where, and
how much, you had to interpolate or
extrapolate to find your answer. Now
all you need foradirect measurement
is the 180 and the TDR plug-in—an-
other HP idea that came from experi-
mentation with microwave circuitry.

CRT size is another example. Early
scopes—and even some of the mod-
ern scopes—had CRT's that were so
small you had to squint to see them.
We took the post-accelerator tech-
nique and the mesh dome technique
ideas and combined them to produce
larger, easier-to-read and more ac-
curate CRT’s. This combination re-
quires lower driving potentials so
the CRT can be driven directly by the
plug-in. Driving the CRT from the
plug-in gives you a mainframe that is
not limited by its internal components
and allows a choice of 50 MHz, 100
MHz, four channels, differential
offset...

Vacuum tube scopes have a diffi-
cult time settling down to the point
where accurate measurements can
be made consistently — time after
time. Signals often drift all over the
face of the CRT! All-solid-state com-
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ponents (which reach operating level
almost immediately) and field effect
transistors in the 180 scope system
amplifier plug-ins virtually eliminate
driftin both ac and dc measurements!

Speed your great ideas into reali-
ties. Step forward with the state-of-
the-art new-idea-packed 180 scope
system! It's no johnny-come-lately.
It's been proven by more than two
years in the field.

Consult your Hewlett-Packard In-
strumentation Catalog for specifica-
tions and prices on the 180 Scope
System mainframes and plug-ins,
then contact your nearest HP field
engineer. (He's an instrumentation
specialist who can furnish informa-
tion on a complete measurement sys-
tem using the HP 180 as the core.)
Or, write to Hewlett-Packard, Palo
Alto, California 94304. Europe: 1217
Meyrin-Geneva, Switzerland.

089/3

STEP FORWARD

I

HEWLETT Iﬁ__ﬁ:' PACKARD

OSCILLOSCOPE SYSTEMS
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They’re new, Molex edge connectors.
For printed circuit boards. Terminals crimped
to wires automatically. We have straight-in and
right-angle types. With and without mounting ears.
It’s another giant step by Molex in helping create
high-speed, low-cost devices that simplify circuitry.
Reliable? You bet. The connector has bifurcated
terminals that provide solid contacts. Yet you can
slip the connector on and off many times without
damaging printed circuits. And it’s not
a preloaded unit. Carries only contacts
required. From nine to twenty-two.

If you want to save assembly time, steps and money,
take a close look at this new Molex edge connector.
For free samples, write or you can make connections

by calling (312) 969-4550.

MOLEX PRODUCTS
COMPANY
Downers Grove, Ill. 60615



Build a better frequency comparator
by using state flow techniques and Karnaugh maps. This
digital dual-mode unit works well in phaselock loops.

A basic problem encountered in phaselock loop
systems is the restricted capture bandwidth of
the analog phase detector, where capture band-
width is defined as the extreme value of fre-
quency offset that can be brought into lock. One
method of overcoming this problem is to use a
dual-mode comparator.

When the signal frequency is far removed from
the reference frequency (that is, out of the cap-
ture range of the phase detector), such a com-
parator will, within a few cycles, unambiguously
indicate whether the signal frequency is higher
or lower than that of the reference. The output
of the comparator can then be used to adjust the
variable oscillator until it’s close enough to the
signal frequency for the loop to lock. At this
point, the comparator will automatically switch
from the frequency-comparison mode into the
phasing mode, in which the output indicates the
relative phase between the signal and reference
frequencies.

To construct a dual-mode comparator, a se-
quential digital system may be employed. A
previous digital system described by Ebenhoech!
required that the adjustable signal be brought up
or down to the reference frequency and then

Israel Urieli, Project Engineer, Elta Electronics Industries,
Ltd., Lod Airport, Israel

slightly overshoot it before the comparator would
switch into the phasing mode. This overshoot is
not required in the present system.

The first step in any sequential circuit design
is to relate the required outputs to an exhaustive
typical input sequence, as in Fig. 1. Note that the
sequence must be exhaustive, if the system is to
function properly. In the dual comparator there
are two input pulse trains, representing the zero
crossings of the reference, Xy, and signal, X, fre-
quencies. The outputs are two digital signals,
Z and @, which are combined to yield relative
frequency and phase information as follows:
When the ® output is in the ZERO state, the sys-
tem is in the frequency-comparison mode; when
® is a ONE, the system is in the phasing mode.
Once the mode has been defined, the Z output
provides us with the rest of the information that
we need.

In the frequency comparison mode, if Z is a
ZERO, the signal frequency is lower than the
reference frequency; if Z is a ONE, the reverse
is true. In the phasing mode, Z alternates be-
tween ZERO and ONE, depending on whether
the last input pulse was from the reference input
or from the signal input. Thus, the phase rela-
tion between reference and signal is indicated
by the relative length of time the Z output spends
in each state.

300 B T R LT SO o S N N NS [0S R
INPUTS : : ; ; : : : T I : E T : :
e B A SRR D)
e I e e i
STATE S :I:Z{I:Z: l: 3:3:4:5:2:|:I2i5:6:7:sl | :3:4i6I 7 I3;4:512|l|2
| Sl | :l ‘| ‘ III / | |
Mo 0 0 O e BRRRAA B | e
OUTPUTS : ii | : l 'i |i il | :
| Sy | | |

R Seae—
o

i
Lo 4

.-—-1_..._

P

[
|
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|
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1. A train of reference pulses, X, and a typical received
signal, Xs, which are to be phase locked, are shown.
The system states are identified on the third line. The
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outputs are ONEs when at the upper level and ZEROs
when at the lower level. When the & output is in the
ONE state, the system is in the phase-comparison mode.

ELEcTRONIC DESIGN 3, February 1, 1969



When the comparator is used in a phaselock
loop, the loop filter will smooth the Z output and
use it to control the variable oscillator. Since the
closed loop will try to drive the control signal
towards zero, the system will tend to a condition
where the Z output spends equal time in both
the ONE and ZERO states. As is obvious from
examining the first few pulses in Fig. 1, this
corresponds to a phase difference of 90 degrees.

Define the system states

To relate the system outputs to the inputs, we
note that the frequency-comparison situation
occurs whenever the two frequencies are unequal.
Thus, if a reference pulse is followed by two or
more signal pulses (or vice versa) then the sys-
tem is to recognize that it must operate as a
frequency comparator. Similarly, if reference and
signal pulses alternate, the system must operate
as a phase comparator.

In the third line of Fig. 1 we have listed the
system’s sequential states, S. These states de-
lineate the memory capability of the system, and
are defined as follows:

State 1. The circuit is in the phasing mode,
and the last pulse received was a reference pulse.

State 2. The circuit is in the phasing mode,
but the last pulse received was a signal pulse.

State 3. The circuit is in the frequency-com-

2. The state flow diagram shows the relations between
the eight possible system states and the input signals.
Each quadrant represents a different output state.
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parison mode, the reference frequency is higher
than the signal frequency, and the last pulse re-
ceived was a reference pulse. If more reference
pulses are received, the circuit will remain in
state 3. The only way the system can return to
the phasing mode is by receiving two alternate
signal and reference pulses, thus defining the
intermediate states 4 and 5.

State 4. The circuit is in the frequency-com-
parison mode, the reference frequency is higher
than the signal frequency, and the last pulse

. received was a signal pulse.

State 5. The circuit is in the frequency-com-
parison mode, the reference frequency is higher
than the signal frequency, and the last two pulses
were a signal and a reference pulse, in that order.
If the next pulse is a signal pulse, the system
will recognize an alternating condition and will
change to state 2.

State 6. The circuit is in the frequency-com-
parison mode, the signal frequency is higher than
the reference frequency, and the last pulse re-
ceived was a signal pulse.

State 7. The circuit is in the frequency-com-
parison mode, the signal frequency is higher than
the reference frequency, and the last pulse re-
ceived was a reference pulse.

State 8. The circuit is in the frequency-com-
parison mode, the signal frequency is higher than
the reference frequency, and the last two pulses
were a reference and a signal pulse, in that
order. If the next pulse is a reference pulse, the
system will recognize an alternating condition
and will change to state 1.

In the case of extreme frequency jitter—two or
more reference pulses followed by two or more
signal pulses—it can be seen that state 3 flows
through the intermediate states to state 6, and
vice versa, without going through the phasing
states.

A state flow diagram is used

All of the information of Fig. 1 is summarized
in the state flow diagram of Fig. 2. The eight
states are shown; the links between them are the
input signals. To see how the diagram works
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Table 1. State flow chart

Table 2. State memory assignment
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assume the circuit is in state 5. There are two
alternatives: either a signal or a reference pulse
will be received next. If a reference pulse is re-
ceived, the circuit goes to state 3 and remains
in the frequency-comparison mode, ® =0. If a
signal pulse is received, the circuit goes into
state 2.

Decomposition simplifies logic functions

An array of memory elements must now be
designed to define the eight states. If flip-flops
are used, at least three will be required for eight
unique states. The design could be done com-
pletely arbitrarily, and a system would be ob-
tained in which each flip-flop would require
complicated combinatorial logic. However, the de-
sign can usually be optimized by decomposing the
system into a number of simpler subsystems, thus
simplifying the over-all combinatorial logic??.

To accomplish this, the state flow diagram of
Fig. 2 is translated into tabular form as shown
in Table 1. The first column (S,) represents the
present state; columns 2 and 3 (S, ,,) tell what
the next state will be if the next input is a refer-
ence or signal pulse, respectively. The outputs,

Z and ®, in the last column correspond to the
present state, S,.

Referring to Table 1, consider the two state
groups, A and B, where A — [1, 8, 5, 7] and
B = [2, 4, 6, 8]. Note that when a signal pulse
is applied to the system, only group B states can
result. Similarly, applying a reference pulse re-
sults in states of group A. Regardless of the state
of the system, the two groups remain mutually
exclusive with respect to the two inputs.

If one of the flip-flops, FF1, is assigned to
differentiate between groups A and B, then the
next state of FF1 is dependent only upon the
two input signals. The system has effectively
been decomposed into two smaller systems, as
shown in Fig. 3. The ideal would be to obtain
equal-sized orthogonal group sets so that the flip-
flops would all be mutually independent. Detailed
examination of the system, however, shows that
the group set defined above is the only convenient
one to use.

There are a number of methods of finding
group sets, given the state flow table. The method
of Hartmanis and Stearns® is automatic and re-
quires that all possible combinations of groups
be examined. It is time consuming, but is par-

Table 3. Flip-flop state flow chart
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3. Decomposition can simplify a design. Before de-
composition (a) three flip-flops had to be considered in
designing logic network M. After decomposing the sys-
tem into two subsystems (b), by having flip-flop FF1
differentiate between state groups, the logic is reduced
to two simpler networks.
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ticularly well suited to computer evaluation. The
method that we used is that proposed by Yoeli®.
It is a convenient semi-graphical technique and is
based on the reduction of the complexity of the
system flow graphs.

How to represent the memory states

Once the required group sets and flip-flop
assignments have been decided upon, the state
memory assignment table (Table 2) is drawn. It
is seen that flip-flop FF1 is used to differentiate
between groups A and B. The assignment of
flip-flops FF2 and FF3, however, is completely
arbitrary, as long as they are all different. The
state flow table (Table 1) is now redrawn, and
each state is represented by its flip-flop equiva-
lent, as shown in Table 3. The first column, S,,
represents the present state of the three flip-flops.
The second column, S, .., is broken into two sub-
columns, which tell what the next state will be
if the next input is a reference, Xz, or a signal,
X, pulse.

At this stage, it is necessary to decide whether
to use R-S or clocked J-K type flip-flops. A system
composed of R-S flip-flops suffers from this dis-
advantage: if the input pulses are not narrow
enough, then each pulse may cause the system
to go through several sequential states. The
clocked flip-flop, however, changes state only
during the fall time of the input pulse. Thus,
independent of input pulse width, the system will
only change through a single state. It was decided
to employ J-K flip-flops in building the system.

The use of clocked flip-flop logic made it neces-
sary to redraw Table 3 in terms of a toggle
function, 7', (Table 4). Instead of representing
the state of a flip-flop directly, the toggle func-
tion indicates whether or not the flip-flop must
change its state when it receives its next input
pulse. T1 has a value of ONE if FF1 is to change

Table 4. Toggle state flow chart
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Z:S S,+S; S3+ S, S3 $:5, 5, S3+5, S, Sz

4. Karnaugh maps are used to simplify the circuitry and
to relate the toggle signals to the flip-flop states and
the inputs. The state of each flip-flop is given by the
corresponding S number. Thus, S, gives the state of FF2.
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5. The circuit is designed from the equations derived
from the Karnaugh maps of Fig. 4.

6. The author, Israel Urieli, is testing the 1-MHz com-

parator diagrammed'in Fig. 5.
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state and a value of ZERO if FF1 is not to
change state, when the next input pulse is
received.

Map methods can minimize logic

A combinatorial network is required to inter-
connect the input, output and memory elements.
It is designed by using normal Karnaugh map
methods* to minimize the logic functions. To do
this, Table 4 is decomposed into separate maps,
for each of the toggle functions 7'; and output
functions Z and ®, as shown in Fig. 4. A

From the toggle and output functions of Fig. 4,
the actual circuit of Fig. 5 was realized.

The Fairchild DTuL. series of integrated cir-
cuitry was used. The basic logic element of the
series is the positive NAND gate, with a typical
propagation delay of 25 ns. The system that was
built operates with a reference frequency of
1 MHz. Nine IC modules were required for the
complete comparator, a photograph of which is
shown in Fig. 6. um
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Test your retention

Here are questions based on the main
points of this article. They are to help you
make sure you have not overlooked any im-
portant ideas. You'll find the answers in the
article.

1. What is a dual-mode comparator? How
can it tmprove the performance of a phase-
lock loop?

2. How should you begin any problem in
sequential circuit design?

3. What is a state flow diagram?,

4. Why did the author break up the eight
sequential states into two sub-groups?

5. Why were J-K flip-flops chosen for the
hardware design rather than R-S flip-flops?
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Whether you want a wave analyzer
or a spectrum analyzer, the ambi-
dextrous HP 3590A does the job. This
flexibility is achieved through the use
of automatic amplitude ranging,
electronic frequency sweeping, and
linear or log X-Y outputs for graphic
display.

But this dual capability is only the
start of the HP 3590A’s measuring
ability. Add to this versatility the >85
dB dynamic range, highly selective
bandwidths, ac and dc program-
mability, and a frequency range of
20 Hz to 620 kHz. The sum of all these
improvements is increased perfor-
mance and accuracy at speeds pre-
viously unattainable. Why settle for

less? With the HP. 3590A, you get
the measurements you want—when
you want them—faster and easier.

To provide the additional advan-
tages of a special balanced input
with selectable terminating imped-
ances of 75, 135, 150, and 600 (—
the new HP 3591A selective voltmeter
is now available. Multiply this highly
useful input capability by the fact
that the 3591A is calibrated to indi-
cate properly in either dB or dBm
regardless of the terminating im-
pedance selected. One result—an
analyzer capable of making noise
and level measurements on balanced
voice frequency circuits, or on car-
rier systems up to 120 channels. And
this example is only one of the many
applications of an instrument de-
signed with you in mind.

Wave Analyzer or
Spectrum Analyzer?
The HP 3590A is both!

ELECTRONIC DESIGN 3, February 1, 1969

INFORMATION RETRIEVAL NUMBER 35

The 3590A mainframe is $3200. The
3591A mainframe is $3350. Three
plug-ins are available: 3592A low
cost slave and program unit when
used in second 3590A, $80; 3593A
with 3-digit mechanical display,
$1100; 3594A with 5-digit electronic
counter frequency display, $1600.

To get complete information on
either the HP 3590A or the HP 3591A,
call your local HP field engineer. Or,
write to Hewlett-Packard, Palo Alto,
California 94304. Europe: 1217 Mey-
rin-Geneva, Switzerland.

099/6

HEWLETT W PACKARD

SIGNAL ANALYZERS
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Photodevices have you in the dark?
They won't, if you understand their basic radiometric
properties and how these affect circuit design.

Photodevices are being used to an increasing
extent today in many electronic applications. And
for the designers who use them, these semi-
conductor devices provide a versatile component
—provided that they are selected wisely and ap-
plied correctly. Too often, though, in these areas
of selection and application, the designer gets
bogged down in the unfamiliar world of radiom-
etry. It is the purpose of this article to cut
through the fog and to show just what considera-
tions are important to the designer who is work-
ing with photodevices.

The photodevice family consists essentially of
photodiodes and phototransistors. The photodiode
is a pn junction diode, which develops a voltage
and/or current across its terminals when it is
irradiated by electromagnetic radiation of an ap-
propriate wavelength. The phototransistor can
be considered as a combination of a photodiode
and an ordinary transistor and, as such, can pro-
vide signal amplification. Basic photodevice the-
ory and a comparison of photodetector types are
given in the box.

Light source determines detector characteristics

In any photodetector application, the designer
faces three tasks prior to actual circuit design:
He must (1) determine the spectral character-
istics of the light input to the detector, (2) choose
a photodevice that has a suitable spectral re-
sponse, and (3) determine the electrical char-
acteristics of the selected photodevice.

Sometimes, the light input is controlled by the
designer, as in those cases where the light source
forms part of his system. Other times, however,
he has no control over the light source or its
characteristics. (The term “light” here refers to
electromagnetic radiation in the visible and in-
frared wavelength region).

Determination of the spectral characteristics
of the light source is usually relatively simple.
Either the source is considered monochromatic,

D. Douglas Snyder, Applications Engineer, Fairchild Semi-
conductor, Mountain View, Calif.
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as when a gallium-arsenide light-emitting diode
is used or it is assumed to be a black body, which
is the case for sunlight and other incandescent
sources. If it is a black body, the spectral distri-
bution depends only on the color temperature of
the source (Fig. 1).

Choosing a type of photodevice is then a matter
of selecting one that has a spectral response that
coincides with the spectral characteristic of the
source. As shown in Fig. 2, typical silicon photo-
devices have responses that lie approximately
between 0.4 and 1.2 microns. The spectral char-
acteristics of the source and detector then form
a combined characteristic, as shown in Fig. 3.

Once the necessary photodevice spectral char-
acteristics have been determined, the relationship
of light input to current and voltage output must
be determined. This requires a knowledge of the
quantity of incident irradiation the photodevice
will receive. The specification of light requires
that the relative amount of energy at each wave-
length be specified, as well as the amount of in-
cident light power (irradiation) per unit area at
the distance from the source at which the device
will operate. Irradiation is inversely proportional
to the distance squared from the source.

The relationship of light input to current and
voltage output can be found empirically, using
an optical pyrometer and a thermopile for meas-
uring the color temperature of the source and the
radiation at the anticipated working distance of
the photodevice. With the source thus defined, the
manufacturer of the selected photodevice can be
asked to furnish output data on his device for
such a source at the determined radiation level.

A simpler method, however, is to use a photo-
diode that has been calibrated by the manufactur-
er. The usefulness of such a unit is that it has a
linear response to varying levels of irradiation.
If the spectral distribution of the source is com-
pletely known—such as for a gallium arsenide
source, a diode calibrated for that source can
be obtained, and direct input-output measure-
ments taken for the level of irradiation at the
working distance.

More often, though, the source is incandescent
and of unknown color temperature. In this case,
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Photosensitive semiconductors

All semiconductors have the property that
when irradiated by electromagnetic radia-
tion of certain wavelengths, they generate
hole-electron pairs. For silicon semicon-
ductors, these wavelengths fall within the
range of human vision and out to the near
infrared—or from about 0.4 to 1.2 microns.
A description of various photosensitive de-
vices is essentially a description of how
each different device uses the property of
carrier-pair generation to produce some
electrical property that is useful in circuits.

The most elementary photo device is the
photoconductor, or photoresistor, which is
usually of cadmium sulphide or cadmium sel-
enide composition. The conductance of this
device is related to the intensity with which
it is irradiated, but is not related linearly.
In a photoconductor, one member  of the
carrier-pairs generated has a long lifetime
in a trapped state, thus allowing a higher
density of the other member to flow. This
effectively reduces the resistance between
the photoconductor terminals.

The dark resistance of photoconductors is
on the order of megohms; dark-to-light re-
sistance ratios of several orders of magni-
tude are relatively ‘common. Response times
of many milliseconds and long memory, or
hysteresis, are the major drawbacks of these
devices. Nevertheless, photoconductors are
often useful where the voltage offsets in-
herent in junction devices cannot be toler-
ated, such as holds true for photo choppers
in chopper-stabilized amplifiers.

The photodiode is essentially a normal
pn junction diode optimized for photo be-
havior. The photo response of a pn junction
is due to the stimulation of minority car-
riers that are close enough to the space-
charge region to diffuse into that region
and thus be swept across the junction. This
phenomenon leads to large increases in
leakage current, or, in the case of an open-
circuited device, to a change in the space-
charge field, thus creating a voltage at the
terminals of the device when it is irradiated.
The photo response characteristics of a
photodiode are optimized by increasing the
diffusion length of minority carriers.

The phototransistor is a marriage of the
photodiode and an ordinary transistor in
order to provide gain. The marriage is ac-
complished by using the collector-base junc-
tion as a photodiode. Current generated at

this junction acts as base drive to the tran-
sistor. The phototransistor thus looks like
a photodiode driving a common collector
transistor.

The phototransistor may or may not have
the base lead available externally. Two-
terminal devices having coaxial leads (see
photo), offer the advantage of higher pack-
ing density. Three-lead devices, on the other
hand, offer increased flexibility to the de-
signer. This is especially true when optimum
gain or speed is necessary, or when the
device is used at very low light intensities
and it is necessary to bias the transistor at
a more favorable operating point.

The light-activated silicon controlled rec-
tifier is exactly analogous to the normal SCR,
except that light provides the gate trig-
gering. The gate-cathode junction acts as a
photodiode to generate the triggering cur-
rent. Optimizing the light-sensitive proper-
ties of the SCR, however, causes it to be
more sensitive to heat. This problem limits
the device to a restricted range of operating
temperature.

The photo field-effect transistor is a
junction field-effect device that uses the
gate-to-channel junction as a photodiode.
The device has the characteristics of high
gain and low offset; the latter characteris-
tic is especially useful for photo-chopper
applications. The photo-FET is a normally
ON device, as opposed to bipolar transistors
which are normally OFF. This characteristic
is generally not desirable.

ELECTRONIC DESIGN 3, February 1, 1969
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2. Spectral characteristics form the basis for matching a photodetector to a
light source. Some common characteristics are shown here.
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7. Rapid response is a characteristic of the photodiode.
This response curve is for a light input from a pulsed
gallium-arsenide source and a photodiode load resistance
of 100 ohms.

a diode which the manufacturer has calibrated to
his own standard color temperature can be ob-
tained. The short-circuit output current of such
a diode is directly related to the incident irradi-
ation. So, by measuring the output current and
using the calibration figures, the equivalent
characteristics of the source with respect to the
manufacturer’s standard can be determined.
For example, assume that a calibrated photodiode
was calibrated at a color temperature, T. of
2870°K for a short-circuit output current of
I —= 1 pA/mW/cm? Also assume that when the
diode was irradiated by the unknown source at
the designed working distance, its short-circuit
output current was 5.8 wA. The unknown source
therefore has the effect of a source at T. =
2870°K and at an irradiation, H, of 5.8 mW /cm?.
This information then allows the designer to
go directly to the manufacturer’s data sheet for
the electrical characteristics needed for design.

Designing with photodevices is simple

Designing photodevices into circuits is not at
all difficult. If the characteristics of the particu-
lar device are known and understood, the photo-
device will become just another component for
the designer. The first member of the photodevice
family to be covered from a design standpoint
will be the photodiode.

The photodiode can be operated in two regions
of the current-voltage characteristic, as shown
in Fig. 4. Operation in the third quadrant is
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8. Basic light-sensing system (2) provides an out-
put voltage that is linearly related to the input light
intensity. An actual circuit of this type is shown
in (b).

called reverse-bias operation, since the diode has
a reverse bias that is externally applied. Fourth-
quadrant operation is called photovoltaic opera-
tion. In this region, the diode actually generates
a voltage across its terminals with no externally
supplied power.

The two operating regions are divided by the
zero-voltage axis. Operation on this axis indicates
that the terminals of the diode should be shorted
together, a condition which can be approximated
by connecting a low-resistance microammeter be-
tween the terminals. This configuration is called
the short-circuit current mode of operation, and
is one of the simplest and most useful operating
modes. It approximates a constant-current source
at a given light intensity and has excellent
linearity over several decades of variation of light
intensity. This is the mode of operation referred
to earlier for determining irradiation levels with
a calibrated photodiode.

In this configuration (F'ig. 5), the diode short-
circuit current, I, is

I,, = KH,

where K is a constant of proportionality and H
is light intensity. The value of K for any given
device depends on its sensitivity and spectral
response, as well as on the source’s spectral char-
acteristics. K has the units pA/mW/cm?; its
value can be obtained from the diode manu-
facturer. Operation of the photodiode in the re-
verse bias region gives the same linearity and
constant-current properties as short-circuit op-
eration, but requires a voltage source for bias.
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This technique of using a photodiode to meas-
ure light intensity is valid over several decades
of light level, from approximately H — 10
pwW/em? to H = 100 mW/cm? The method cov-
ers four decades of light intensity and spans the
entire range of useful light levels.

Operation on the zero-current axis is termed
the open-circuit voltage mode. Between the two
limiting modes of operation, an irradiated photo-
diode will generate a current and voltage that are
dependent on the resistance connected between
the terminals. The slope of the load line is equal
to the reciprocal of this resistance.

Circuit configurations for other modes of oper-
ation are shown in Fig. 6.

An important feature of the photodiode, for
many applications, is its response speed. Rise and
fall times are typically less than 0.5 us, as shown
in Fig. 7 for the case of a pulsed gallium-arse-
nide light source. If speed is of utmost import-
ance, use of a pin-photodiode will decrease the
rise and fall times to the nanosecond range.

For the most part, photodiode applications are
analog, where some linearity between the input
light intensity and the electrical output is desired.
A linear light-sensing system can thus take the
form shown in Fig. 8a. Since the input of an
operational amplifier is a virtual ground, the
photodiode in Fig. 8 can be considered as operat-
ing in the short-circuit mode. Since the photo-
diode is very nearly a constant-current generator,
the short-circuit current must be supplied from
the circuit through the feedback resistor. There-
fore, since the input is at virtual ground, the
output of the amplifier is:
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9. Manufacturers’ data-sheet curves can be
used for converting radiometric quantities
into the electrical parameters required for
design. Typical collector characteristic
curves for a phototransistor are shown here.
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An actual example of this circuit is shown in
Fig. 8b. The circuit can provide gain bandwidth
products of one megahertz, which can be raised
to 10 to 20 MHz by using a pin photodiode and
an amplifier, such as the pA702.

Essentially, then, designing with photodiodes
is extremely simple, because in the most useful
regions of operation the diode can practically al-
ways be considered a constant-current generator.

Phototransistors shine at switching

Phototransistors may or may not have the base
lead available. If it is not, the device cannot be
electrically biased in the active region; therefore,
it is not generally useful for linear applications.
The phototransistor can, of course, still be op-
tically biased for linear operation; however, this
is not generally practical from a design stand-
point. The device is thus intended primarily for
switching applications. Such applications are
generally digital, as in computer-card and paper-
tape readers.

In essence, the phototransistor sacrifices line-
arity and speed for gain. Typically it has 100-
to-500 times the current output of the photo-
diode.

Basically, the design of a phototransistor cir-
cuit is similar to normal transistor circuit design,
once the radiometric quantities are converted
into electrical parameters. This conversion can
be accomplished in either of two ways. First,
one can look at the typical V. vs I. vs H
characteristics (Fig. 9) and, from that, deter-
mine the device’s operating point by normal
graphical means, using the value of irradiation
determined by use of the calibrated photodiode.
Or, second, the specification for collector-base
photodiode sensitivity, S., of the phototran-
sistor is generally specified on the data sheet.
Knowledge of this gives the base current drive,
I;, where

I, — S H (at a given V).
Then, knowledge of h,; gives
I. — hpg Sey H.

Certain additional factors should also be
considered when using phototransistors. In using
a two-terminal device, the designer loses some
flexibility, part of which is temperature stability.
Without the availability of the base lead, tem-
perature stability becomes more difficult. The
succeeding stages should therefore be designed
with this fact in mind.

Additionally, phototransistors have relatively
low gain-bandwidth products. This is due to the
long lifetime of photogenerated carriers, as well
as to the large C. (approximately 70 pF) re-
sulting from the large base area needed for photo
sensitivity. This large C., should be considered
in design. ==
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NEW PRODUGT NO.70

Our new high voltage video transistors give you picture displays
with unprecedented clarity and resolution.

Available in voltages up to 450V and dissipating up to 1W in

a 25°C ambient, they were designed as video display drivers for
radar PPl scopes, electroluminescent displays, desk

calculators and television sets. Three of them as video ouput

drivers in your color television set, and you've got the
clearest, crispest picture ever seen on a TV tube. They can
just as readily be used as neon tube drivers or high
voltage power supply regulators.

To get this range of performance, we've produced
transistors with the lowest capacitance available at these
voltages and power levels — C¢,< 3.0pf. The result is a
frequency response (fT) of 80MHz while driving up to 10mA.
Packaging is in a standard TO-5 metal can.

For complete details, write for our data sheets.

Or pick up the transistor you need, in any quantity,

from your Fairchild distributor.
To order, ask for: Part No. Voltage Price
(1-99)  (100-999)
SE 7055 220V $1.65 $1.10
SE 7056 300V 1.80 1.20
SE 7057 450V 15.00 10.00

W (e )

4ty 50
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FAIRCHILD
[ ke, o e e ]

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
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MANAGEMENT AND CAREERS

Yes, you can develop your creativity.
Engineering staffs can be guided toward more original solutions,
if the working climate in the company is right.

First of two articles.

“Life without any problems is not paradise;
it is hell.”

The quote has been attributed to Confucius,
and some engineers may dissent. Life is cer-
tainly full of problems in engineering, and elu-
sive solutions can raise hell. The key to paradise
in the engineering plant is creativity.

Can creativity be taught? Or is it something
innate that a person either has or lacks?

Within limits, enlightened engineering com-
panies are finding that the creativity of their
staffs can be improved or developed. But man-
agers must establish the climate for such prog-
ress, and the individual must apply himself. You
may not develop a team of Einsteins from your
present engineering staff, but it is quite possible
to improve their creative abilities with suitable
training.

Let us see first how the creative process
works and then examine how it may be nurtured.
In engineering, creativity can be divided into
five basic steps:

1. Recognition and analysis of the problem.

2. Saturation with information and suggested
solutions.

3. Incubation of ideas.

4. Illumination.

5. Verification of the solution and modifica-
tions to it.

An tmportant consideration in creativity s
that at the outset the problems to be solved
should be stated in functional requirements that
are as basic as possible. How many times have
we seen good ideas thrown into the wastebasket,
only to be retrieved later on when it was found
that initial marketing specifications were more
restrictive than necessary! Supervisors can be
equally guilty if they set the specifications so
early in a project that they really reflect a pre-
conceived solution in their own minds. If a solu-
tion is left open and purely functional specifica-
tions are given to the project engineer, he may

Dr. Wilmer C. Anderson, Director of Research, General
Time Corp., Stamford, Conn.
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come up with a better solution than the super-
visor had originally envisioned. This is the
creative way to recognition and analysis of the
problem.

Following such functional specification, the
engineer should saturate his mind with back-
ground information on the problem—information
tapped from every possible source. As part of
this process, he explores many tentative ideas,
but not necessarily real solutions in themselves.

Then the engineer should let the problem
incubate. Some authorities recommend that he
actually drop the problem and work on a second
project, while the first one is incubating in his
subconscious.

One day (or night), hopefully, a solution ap-
pears—the so-called illumination.

There follow many hours of patient engineer-
ing and experimentation to optimize the solution
—uwverification and modification.

Promoting creative thinking

What can company managers do to help this
process? Here are some practical ways to pro-
mote creative thinking in your organization:

= Broaden the staff’s background of experience.
Creativity is certainly not a universal character-
istic. Persons with creative abilities in one field,
such as art or music, are not necessarily creative
in another—science, say. Yet it is not unusual
for a scientist in one discipline to carry over his
talents into a second technical field. An engineer
can solve problems more easily if he is equipped
with basic knowledge in several technical fields.
This background will enable him to recognize
the merits of a variety of solutions.

Assign engineers to work on projects in teams.
One man may be a member of several different
teams in any one year, and each team should in-
clude men of different technical backgrounds.
By close association, each engineer can obtain a
working knowledge of other fields and thus.
broaden his own base for creativity. Obviously a
man cannot find an electronic solution to a prob-
lem if his whole experience has been solely with
mechanical devices. This system is used at the
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“Convince your engineers that a well-kept note-
book improves not only their record-keeping
for possible patents but their work as well.”




There are mental blocks to creative engi-
neering. They include:

e Difficulty in isolating the problem. A very
common trouble with engineers. Frequently
what appears to be the problem may not be
the real basic problem. It is the old case of
not seeing the forest for the trees. How often
does an engineer struggle with interfacing
two circuits over wide voltage and tem-
perature ranges when, if he examined func-
tional requirements, he would realize that
more than likely either one or both of the
troublesome stages could be completely elim-
inated with a slightly different approach.

m Difficulty in narrowing the problem. Here
the engineer tries to carry too much forward
simultaneously, with the result that he is
never able to focus on the individual parts of
the over-all problem. A good cook is able to
focus her attention on critical segments of
her dinner—the dessert, say—while still keep-
ing the other elements of her dinner on
schedule, so that all will be perfect for eating
at the correct time. Contrast this with the in-
experienced cook who burns half her food
while the other half gets cold because of her
inability to keep the different segments of the
whole dinner in proper perspective.

m Closing the door to alternatives too soon.
Another common fault, particularly of devel-
opment engineers. They are so anxious to get
on to the “hardware” stage that they grab the

Avoid these six common barriers to creativity

first solution that comes to mind and run
with it. One way for the manager to counter
this is to take the first solution offered and
say: “Fine. Now forget this one and give me
a brand new one.” Do this several times until
four or five solutions are available. Then have
the engineer evaluate them himself. He will
often discard the first ideas suggested. After
a while he will develop the habit of offering
alternative solutions before taking them in for
evaluation.

= Difficulty in seeing remote relationships.
This is among the most difficult blocks to
overcome. Practice and work with others who
have this ability is the only remedy many
authorities can suggest.

m Failure to record “trivia.” Engineers are
prone to skip over details that are obvious to
them and frequently are guilty of not record-
ing items that may seem inconsequential at
first but may later have an important bearing
on the solution. Frequently experiments have
to be repeated because certain critical circuit
details not considered important at the time
were omitted.

m Failure to distinguish between cause and
effect. This is a stumbling block even among
the best scientists. Edison discovered electron
flow from a heated filament to an anode, but
it took deForrest to recognize what Edison had
actually discovered and then improve it with a
control grid.

General Time Corp. plant in Stamford, Conn.,
and the proof of its success is the number of elec-
tronic patents created by mechanical engineers
and of mechanical patents generated by elec-
tronics engineers.

= Insist on good research habits. Convince your
engineers that a well-kept notebook improves not
only their record-keeping for possible patents but
their work as well. Many engineers have a stand-
ard excuse: “Let me put the data down on scratch
paper first, then copy everything neatly into a
notebook.” This is nice in theory; it fails miser-
ably in practice. Such scraps of information are
frequently never copied into the research note-
book. As a result, earlier discarded approaches,
which could prove valuable later, often are
thrown into the wastebasket and forgotten.

m Use simple, but formal, invention disclosures.
Writing up an idea for the patent department
makes an engineer think about his solution more
thoroughly. Frequently this leads him to alter-
nate solutions. Some of these may even be su-
perior to his first one.
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= Have frequent internal idea sessions. Let en-
gineers get together to exchange thoughts.

= Permit “free” time for personal work. Many
companies now grant their research staffs as
much as 10 per cent free time to explore ideas on
their own. This is time that does not have to be
accounted for or rigorously charged to some
formal project. The only stipulations are that it
be spent on ideas of company interest, and that
the results be presented to management in a rea-
sonable period.

= Encourage the storing of idea materials.
This is like a squirrel storing nuts for winter
food. Clippings from papers, trade journals,
magazine articles, references and technical jour-
nals, advertisements of unusual materials, and
samples—all are filed for future use. They be-
come the mental ‘“food” that may supply the
missing vital link in a solution; they may spark
an idea for a new product.

= Have periodic give-and-take conferences at
which outsiders are guests. Invite staff members
and guest speakers to discuss new developments
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in various technical fields. Such talks, followed
by informal discussions, can prove extremely
stimulating. The talks do not have to be long or
formal. A half-hour talk, with equal time for
questions and answers, is enough to start several
minds thinking in new directions.

= Discuss the creative techniques used by
others. Tailor such sessions as you do an applica-
tions forum. Show engineers the methods and
techniques used by others, and discuss how these
can be applied to their own work.

= Develop practical incentive policies. Some
companies give awards to outstanding men. This
is tricky ground from a personnel point of view
and must be handled carefully to prevent more
damage than gain to the company. Make sure
that all team members are properly rewarded;
otherwise disgruntled members may quit or re-
fuse to cooperate as a team.

These are basic, universal ways to spark cre-
ativity in the engineering plant. Some companies
have also found the following to be valuable:

= Input-output schematics.

® The technique of ‘“forced relationships.”

= Checklists.

= Morphological analysis.

= Brainstorming.

= (Creative thinking exercises.

The input-output method is especially useful in
systems engineering. A little “black box” is
drawn, with input signals and the corresponding
output functions desired. It is then up to the
engineer to fill in the connecting links that must
appear in the black box to produce the results
depicted. The mere putting down on paper of
such a form helps to clarify the problem.

Forced relationships is a technique that can be
helpful in innovating new consumer products
and gadgets. Catalogs of existing products are
forcefully related to a list of properties or ma-
terials from new technologies, so as, hopefully,
to arrive at some new and useful product. For
example, cooking utensils may be matched with
Teflon, baking wear with pyroceram used in
satellites or ice jugs with foamed plastics.

A checklist for creativity contains key words
and a series of questions. It may include:

1. Modify: Change color, form, shape, motion?

2. Magnify: Additions, more time, greater
frequency, larger, stronger, thicker?

3. Minify: Smaller, condensed, miniature,
lower, shorter, lighter, streamlined?

4. Adapt: What other idea does this suggest?
What could I copy? Anything similar in
in the past?

5. Substitute: What else can be used? Other
materials, other processes, other power,
another approach?

6. Reverse: Transpose positive and negative,
turn it backwards, turn upside down, re-

ELECTRONIC DESIGN 3, February 1, 1969

verse roles, opposites?

7. Rearrange: Interchange components, new
layout, change schedule, pattern, sequence,
transpose cause and effect?

8. Combine: Blend, alloy, assortment, en-
semble, combine units, purposes, ideas?

In other words, take some present product and
consider what would happen if you did any one
or more of these things to it. Would a new and
useful product result?

Morphological analysis is a method developed
by Dr. Fritz Zwicky of the California Institute
of Technology. It consists of first defining the
problem, then listing every conceivable theoreti-
cal solution and finally evaluating each of the
suggested solutions. Thus a problem having, say,
three variables, each with five possibilities, would
have a total of (5)? or 125 theoretical combina-
tions. Of course, perhaps only two or three of
these might prove worth pursuing further.

Brainstorming may be summarized as follows:
A group of eight to 10 people of varied back-
grounds is assembled for a session lasting no
less than 15 minutes or more than one hour.
Rapid-fire suggestions are made. There is no
evaluation of ideas during the session and no
criticism. The group suggests ideas as fast as
possible, and they are jotted down on a black-
board for visual stimulation and reference.

Brainstorming differs from the idea session.
For the latter the general rules are: The chair-
man alone knows the true objective. There is a
general discussion at first of the subject matter,
without regard to pinpointing a specific area of
interest. Gradually the discussion is narrowed
toward the goal, and finally the goal is consid-
ered in the light of earlier suggestions. ==

The second article in this series will discuss
creative thinking and how it can be used to de-
velop new products.

Test your retention

Here are questions based on the main
points of this article. They are to help you
make sure you have mnot overlooked any
important ideas. You'll find the answers in
the article.

1. Name five techniques that help improve
creative thinking.

2. What are “idea sessions” and how do
they differ from “brainstorming sessions?”

3. Why are well-kept engineering note-
books relevant to creativity?
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product news from Philco-Ford Microelectronics

Radiation-tolerant
IC’s now
in production

o o % 2 . (LTS

We have developed techniques for
producing dielectrically isolated
bipolar integrated circuits which can
tolerate high levels of transient
radiation. Our oxide isolation process
has proven reliability. We are now
supplying in production quantities.

Prototype quantities of gates, buffers
and flip-flops are readily available.
Write or call for a consultation on
your specific application.

INFORMATION RETRIEVAL NUMBER 161

New packages
for LSI

S ———— |
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Radial flat packs with 34 and 44
leads are now ready for use with LSI
circuits. Leads have .050" spacing.
Precision lapped sealing surface to
maximize sealing yields. Supplied
with brazed sealing ring and isolated
metal base. Prototype quantities can
be delivered promptly. For data on
production quantities, write or call us.

INFORMATION RETRIEVAL NUMBER 162
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Discrete circuit write amplifier at left was shrunk to hybrid version at right, in TO-5 case.

Microminiaturize your discrete circuits
the economical, fast, hyhrid way

A write amplifier for magnetic tape,
when made of discrete components,
used to fill 2 2” x 3” x 1” chassis. We
converted it to a hybrid microcircuit
that fits in a TO-5 case. Four weeks
after receiving full circuit data, we
had a prototype ready for evaluation.
In ten weeks we were producing at
a rate of 500 per month.

Performance ? The hybrid version is
electrically equal, and environmen-
tally superior, to the discrete circuit.

Cost? In volume production, the
hybrid ecircuit cost about the same

as the discrete, but its price included
REL and qualification . .. the dis-
crete did not.

Hybrid circuits by Philco-Ford are
the way to get complex circuits into
small packages...to provide volt-
age, current and power output
beyond the present abilities of mono-
lithic devices...and to do the job
quickly, with minimum tooling cost.
We’ve made hundreds of different
hybrid circuits. Call a Philco-Ford
Hybrid Hunter now, for a consulta-
tion on your circuit.

INFORMATION RETRIEVAL NUMBER 163

When yougo T°L
...&0 Cerdip

ELECTRONIC DESIGN 3,

It pays to buy state-of-the-art logic
in state-of-the-art packaging. We
make a full line of T2L gates,
expanders and flip-flops, pin inter-
changeable with SUHL* II. And we
supply them in cerdip packages of
proved reliability. Both MIL and
industrial temperature ratings are
available.

For your new logic designs, why
settle for less than the convenient,
economical handling and assembly
of dual inline packaging, with proven
hermeticity ?

Oh, yes, we also supply T?2L in
ceramic flat packs.

*Trademark of Sylvania Electric Products, Inc.
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PHILCO-FORD CORPORATION ¢« MICROELECTRONICS DIVISION e

PHILCO

BLUE BELL, PA. 19422

New avalanche
oscillator X-band
source is available
from stock

The Philco-Ford P8510 source is now
in full production at our Spring City,
Pa., plant. And it has more than
instant availability to recommend it.

It’s highly efficient at low DC input
levels. You get 60 milliwatts of
X-band power from only 1.5 watts
DC. At higher DC input, you can

get up to 200 milliwatts out. The
secret of its performance is high effi-
ciency Phileo avalanche oscillator
diodes. Check the specs. Then write
to us for data and prices on our
complete line of avalanche oscillators
from 6 to 16 GHz.

INFORMATION RETRIEVAL NUMBER 165

MOS 1024-bit read-only memory costs less than 5¢ per bit

Systems designers: get acquainted
with the Philco-Ford pM1024 MOS
read-only memory . .. then let your
imaginationrunwild. Theoff-the-shelf
pM1024 is programmed with a sine
look-up table, and is available for
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128 eight-bit word memory

immediate delivery. By use of a cus-
tom mask, the pM1024 can be pro-
grammed as a look-up table for
cosine, tangent, log, exponential or
any other commonly used function.
Or a synched eight signal waveform
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256 four-bit word memory
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generator with a period 128 times
basic clock frequency. Stack them up,
and you can get character generation,
provide microprogramming of sub-
routines, or solve recurrent equations
having variables of known inter-
action. The fast cycle time of the
pM1024 . .. short as 1 microsecond
... makes many new applications
practical.

Pattern organization can be 128
eight-bit words, or 256 four-bit words.
Built-in chip select lets you parallel
chips to build up memory capacity.
Address decoding, memory, and out-
put buffers are all contained on the
chip. Output buffers can drive DTL
and T2L directly.

Through the use of computerized
software, your custom bit pattern
is transferred to the pM1024 with
complete accuracy, and with fast
turnaround.

Cycle times of 1 and 2 microseconds
are available. We supply in full tem-
perature rating, —55 to +125°C; or
limited temperature rating, 0 to 70°C.

INFORMATION RETRIEVAL NUMBER 166
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IDEAS FOR DESIGN

TV-camera vertical sweep
produced by filter ripple

Line-locked vertical sweep for television
cameras can easily be obtained with the circuit
shown.

The ac input is applied to a standard half-wave
rectifier and filter system, whose inherent load
discharge ripple is a near-linear, line-locked verti-
cal sawtooth. The sawtooth is amplified by tran-
sistor Q1, and is used to drive the deflection yoke.
Feedback resistor R. linearizes the ramp, while
R. and C; set the dc reference for centering
control.

The “blank” output may be used to trigger the
camera’s sync and cathode-blanking functions.

James M. Meacham, Associate Engineer, West-
inghouse Aerospace, Baltimore, Md.
VOTE FOR 311

BLANK OUTPUT
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Discharge ripple from the rectifier-filter network appears
as a line-locked vertical sawtooth across resistor R;.

Any switch closure produces a fixed-duration output pulse

A frequently encountered requirement for
many applications is that a random-duration
switch closure provide a fixed-duration output
pulse. In the circuit shown, switch-contact clos-
ures from a few microseconds to any maximum
value will result in one fixed-duration output
pulse per contact closure. Depending on the output
pulse and switching durations, the circuit can
function as a pulse stretcher, pulse shortener and
contact-bounce eliminator.

When power is applied to the circuit, capacitor
C, charges through resistors R. and R,. Closing
switch S7 then triggers the silicon-controlled
rectifier. With the SCR ON, its cathode potential
rises to V, — Vyy (approximately 29 V), where
Vex 18 the voltage dropped across the conducting
SCR. This causes transistor Q1 to switch ON,
thus applying power to the load.

At the same time, capacitor C. charges to
(Vs — Vi) [(Ryp+R:)/(Rpgs+Rs+R:)] in less
time than is required for C; to charge to the peak
point voltage of the unijunction transistor, Q2.
Here, R;; is the interbase resistance of @2. When
the voltage on C; reaches the peak point voltage,
the emitter of Q2 becomes forward biased, and
C, discharges through R; and the unijunction
emitter circuit. The voltage thus developed
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across R, plus the voltage on C,, makes the cath-
ode of the SCR more positive than its anode,
turning it OFF. The base of @1 then returns to
ground potential, switching Q1 OFF and de-ener-
gizing the load.

If switch S is held closed for a period of time

Rg (30V)
s RS
$ 220k
SCR
cloé l fg:
2
sl
SR3 L c
> 1k “Tro.0 uF
R8
4.7k
c2 L. <SR? RO J
0.25uF T i>47o 250k
(
Q2
> R2 R6 < 2N2646 (3
> 3.3k 33k 2 0.25 pFT

I

The output pulse duration is controlled by resistor R,,
which determines the charging rate of C,.
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The

endless

line

1)

MILITARY HIGH TEMP. GENERAL PURPOSE
e Saries Seties Series Series Series Series
(“"i & IR.IH) (RJ50) (RI24) 50 62 78 76P,77P,79P |

Resistance 10 to 10 to 10 to 10 to 10 to 10 to 10 to

Range 2meg 2 1meg @ 2megQ 2megQ 1 meg @ 2megQ 2 meg @

Power 1 watt 0.5 watts 0.5 watts 1.5 watts @ 0.5 watts 0.75 watts @ | 0.75 watts @

Rating +85° +!5°0@ +|5'c@ +125°C +7o'c@ +70°C +25°C
Operating —65° to —65° to —65° to ~65° to —25° to —25° to —~55° to
Tomperatare | i7sec +150°C +150°C | +200°C +125°C +125°C | +105°C

1.75 (62P)

Price 50 (61P) $8.00 (50 ]
wittton | 9550 | BNGe| w0 TN | e | s i

?lmlll:!' +0.01% +0.05% +0.01% +0.01% +0.05% +0.05% +0.05%

It's a complete
line -

an endless line
of Helitrim®
cermet trimming
potentiometers
with a current
field failure rate
of only 0.08%.

And all have essentially infinite
resolution. Plus a wide range of
standard resistance values. And
excellent setting and total resis-
tance stability under a wide
range of environmental extremes.

Helipot stocks almost 2 million
trimmers in a wide range of
models and values at 13 stock-
ing locations. All to fit your every
need—whatever it is. To fit your
budget-list prices from $1.75.
And to assure you immediate de-
livery—anywhere in the U.S. and
in Canada.

For more details on “the endless
line” of cermet trimmers, con-
tact your local Helipot sales rep-
resentative. He'll tell you all
about cermet reliability, fill you
in with all available test data and
personally handle your Helitrim
orders.

eckman

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA * 92634

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES, SCOTLAND;
TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY; STOCKHOLM; VIENNA

INFORMATION RETRIEVAL NUMBER 38
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IDEAS FOR DESIGN

greater than the output pulse duration, the volt-
age divider action of R., R;, R, and R; limit the
voltage across R, to a value less than the mini-
mum gate-trigger voltage. This prevents the SCR
from turning ON again after it is commutated.

Transistor @1 is used to control the load, rath-
er than placing the load in the cathode circuit of
the SCR, for two reasons: First, this makes
the component values in the commutation circuit
independent of the load impedance, and second,
it makes the required capacitance of C, and C,
considerably less (less energy is required to
commutate the SCR because of the small current
passing through it). This is especially important
in applications where space, cost and accurate
timing are important.

The value of R, is chosen to limit the interbase
voltage of Q2 to a value within its rating. R. pro-
vides temperature compensation for the unijunc-
tion transistor, and R, limits the gate-trigger cur-
rent. If an inductive load is being controlled by
the circuit, a free-wheeling diode (D1) should
be used to suppress the inductive spikes.

With the values specified on the diagram, the
output pulse-width of the circuit can be varied
by R, from 2.5 to 100 ms. Varying the supply
voltage, R,, from 15 to 45 V will result in less
than a 0.2-ms change in the duration of the out-
put pulse.

Robert W. Murre, Senior Engineer, Bell &
Howell Co., Chicago, IIl.

VOTE FOR 312

Line equalizer uses active RC network

The upsurge in data transmission over tele-
phone lines has required new techniques in line
equalizer design. Such a technique is the use of
active RC networks instead of conventional
R-L-C amplifier equalizers. This eliminates bulky
inductances, thus decreasing package size. Also,
active RC networks produce transfer functions
not realizable with passive elements. An active
RC network line equalizer of this type (Fig. 1)
is also very easy to align to the attenuation
characteristics of a given line.

The line equalizer of Fig. 1 is for telephone

(CAP. DECADE FOR

10-5000pF)

HI FREQUENCY ADJ

2000pF

2k
5 174 W
LINE "' LT ook A=)
INPUT _.3 % L.P. FILTERS S
] 1350/1350
T s 5 &
1aW 415V —15V g,
ADC PRODUCTS
# A16300 COMT

l 4

lines that transmit 50 kilo-bit data and for a data
waveform that has frequency components from
10 Hz to 70 kHz. The equalizer therefore com-
pensates for the line attenuation over this wide
band of frequencies.

An operational-amplifier, active RC network
provides the required equalizing characteristics,
and a unity-gain input stage provides the re-
quired R;, of 1835 ohms and a 180° phase shift.

Since the equalizing stage functions in the in-
verting mode, the 180° phase shift of the input
stage combined with the equalizer produce the

WB GAIN ADJY

100k
1/2W

20k
174w

3 g | OUTPUT

T2

+15V —ISV E
2 ADC PRODUCTS

# AlI6300

INPUT
STAGE

EQUALIZING
STAGE

1. Active RC network provides the required equalizing characteristics in this line equalizer.
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Philbrick /Nexus DC log amplifier-
a slip stick in 2.65 cubic inches

Quicker than you can operate your favorite slide rule,

Model 4350 Log Amplifier will calculate the logarithm of a

positive voltage or current, or solve the positive antilog of an

input voltage. Model 4351 performs the same functions on negative
voltage or current.

The combination of two Philbrick/Nexus log amplifiers

multiplies and divides. Add scaling resistors and you can compute
arbitrarily selected powers and roots. Units are fully temperature
compensated for use over wide temperature ranges.

Units are fully encapsulated and measure 1.4” x 2.7” x .7”.

They feature fast response and a wide 6-decade dynamic range.
Priced well below competition at only $95. Contact your
Philbrick/Nexus sales representative for complete details

and specifications. Or write, Philbrick/Nexus Research,

46 Allied Drive at Route 128, Dedham, Mass.

PHILBRICK/NEXUS RESEARCH

A TELEDYNE COMPANY

INFORMATION RETRIEVAL NUMBER 39
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required noninverting amplifier combination
needed with data operation. The equalizing stage
consists of a differentiating operational-ampli-
fier, active RC network. The equalizer transfer
function is

E. 245
E_’/E1=——[R1 L]/[Rl +C:S];
C:s

which reduces to
E.,/E, = —[(R./R,) + R.C.s].

The Bode plot of this transfer function is
shown in Fig. 2.

To compensate for various lengths of line, two
controls are incorporated. These are R, (WB
Gain Adjust) and C, (Hi Freq Gain Adjust).

Since a differentiating amplifier tends to ac-
centuate high-frequency noise, a small capacitor
may be needed across R, to roll off this stage at
high frequencies. This capacitor would also in-
crease the stability of the stage.

Since the line at low frequencies is essentially
an integrating circuit (lagging phase character-
istics) and the equalizer is a differentiating device
(leading phase characteristics), the equalizer
compensates for line phase distortion over a
limited low-frequency region. This compensation

40 o

GAIN
(db)

|
|
I
I
I
I
|
20 I
|
|
|
|
I

i
WB. CalN aDy HI FREQ.GAIN ADJ

(CONSTANT GAIN FACTOR) L A TI'ABLE 3db
L BREAK POINT)

19 =

70kC

¥ | I | |

10 100 1K 10K 100K
FREQUENCY (Hz)

2. Bode plot shows transfer function of the equalizer
stage.

is limited to less than 90° due to the fact that
the equalizer phase relation 0 is
0 — tan ‘'wR,C,,
which clearly approaches 90° in the limit.
A. R. Campbell, Senior Engineer, Philco-Ford
Corp., Philadelphia, Pa.
VOTE FOR 313

Aperture coupling enhances
filter selectivity

Aperture couplings in metallic partitions are
frequently employed in comb-line bandpass filter
structures. Multiresonator filters use apertures as
interstage couplings between adjacent resonators,
and probes or loops as input/output couplings.
Coupling apertures can be located optimally for
minimum frequency sensitivity over a wide tuning
range. A somewhat different aperture location,
however, can be used to provide frequency-sensi-
tive couplings that enhance the selectivity of band-
pass filters on their high-frequency skirts.

In comb-line bandpass filters, electric and mag-
netic couplings are in phase opposition. Conse-
quently, adjacent cavity resonators will decouple
when equal and opposite electric and magnetic
couplings are present. This condition can be
achieved with a properly located circular aperture
(see diagram p. 78). For an aperture diameter
equal to 0.625 in., located a distance L. — 0.963
in. from the plane of the short, measured values
of coupling bandwidth are shown in the table
(right) for different center frequencies.

76

Center frenquency (GHz) Coupling bandwidth (MHz)

1.3 23.0
1.5 24.5
157 24.2
1.9 19.0
2.1 | 11.3
2.2 ‘ 6.0
2.3 Resonators decoupled
24 | Resonators decoupled
2.5 ! 8.0
2.7 ! 11.0

For small circular apertures and uniform reson-
ator cross section, decoupling occurs when the
aperture centerline is 54.8 electrical degrees from
the plane of the short. This corresponds to a fre-
quency of about 18.7 GHz. For the comb-line struc-
ture shown here, decoupling occurs at a somewhat
higher center frequency. This can be attributed to
the use of nonuniform resonator cross section

ELEcTRONIC DESIGN 3, February 1, 1969




One -Opped

Again

National

A frequency compensated version of the incred
ible new LM101A, both monolithic. both an order
of magnitude improvement over anything else on
the market. Full military temperature range
—55°C to +125°C, the LM107 is $30.00 in hun-
dred quantity and the commercial /industrial
0-70°C LLM207 costs $12.00 at one hundred pieces.
For complete information contact National Semi-
conductor Corporation, 2975 San Ysidro Way,
Santa Clara, California 95051 (408) 245-4320
TWX: 910-339-9240 Cables: NATSEMICON

BEFORE THE LM107

FET Operational Amplifier
Cl

‘Q-" 5000 pf

INEUTS N5 |

ouTPUT

NOW

LM107

lL.inear
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Input/output couplings are not shown on this comb-line
filter structure.

CIRCULAR

(compound center conductors of two different
diameters), open-ended fringing, and large aper-
ture affects.

The coupling aperture described here can be
used in bandpass filters with center frequencies
between 1.3 and 1.9 GHz. Substantial enhance-
ment of high-frequency selectivity will occur
between 2.2 and 2.5 GHz.

Richard M. Kurzrok, Consultant, New York
City.

VOTE FOR 314

Signal-level envelope detector
uses dual operational amplifier

Two operational amplifiers and a dual power
gate can be used to form a versatile signal-level
envelope detector.

Consider the waveform shown in Fig. 1, where

78

it is desirable to detect when the input signal is
above V, or below V,. It is also a requirement
that there be some hysteresis about both V. and
V.. The circuit shown in Fig. 2 will indicate (by
means of a pilot light ) whenever the input signal
is out of range.

The amount of hysteresis about V, and V. is
a function of R, and R., as shown in Eqgs. 1 and 2.

=) R,
Vt(+) = V2 + Ieaut§ —Vz! mJ’_V” (1)

R,

Vt(_) =V2'_ m

eout5 _‘V:z +Vas (2)

where
V,s = input offset voltage

€our, = output voltage when e, is low (typic-
ally clamped to —0.7 V because of D1).

(+)

e,.t, — output voltage when €out, 18 high (de-
pendent upon load).

The amount of hysteresis resulting is the dif-
ference between V,(+) and V,(—).

V, (+)
Vy (=)

<
N

INPUT SIGNAL LEVEL
-

REQUIRE OUTPUT
INDICATION

REQUIRE OUTPUT
INDICATION

TIME

1. Envelope detector must provide indication when the
input signal level exceeds V, or drops below V,.

+6Y +6V  +6V +6V
R2 ? RI o
e 47k
S F |
T J OlpF o|= i ek
P ez
I 3Nl 6 I NG00 3| MCB44P |
- =e 5]
Ein A\wn’ L : Iy J SYLVANIA
2/5 2%y = 6ESB
)
MC1535G Rl D2 |
R2S DuaL OP AMP 47k IIN‘*OOI : :
S =
l——vw—- : "
S ] |
5 €out7 9 lg
10
o 2 .
' 1L £l
TV O.litF I Sk
iy gl gk e O
i -6V = - -

2. When circuit senses out-of-range condition, the pilot
lamp becomes lighted.
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With a memory
like this,

you can

lorget

the logic

Use the logic easily programmed into our ROM (Read
Only Memory) elements. With a minimum of time FROM YOUR TRUTH TABLE
(typically four weeks versus the twelve required for

. b Inputs Outputs
new custom logic elements), we can set up the simple G S TR I TS
interconnection metalization pattern your needs dictate L
and start shipments. Costs about a thousand dollars g 8 g g g g g ‘1) g (1) (]] }
versus the forty thousand new logic elements run to. And G ) T S R
there’s every probability that your production run ele- (177 S0 S I G e o ] b L 0880

N Sy (R HORT R B A TG 0t 15 080
ments will cost less too. i S-S T e Gy
ROM elements are far simpler to make than a new. O 200300501800 LG AL ROESI G0 5 0 0RO

ol Bhdie dost Phore hichiv bl d 1) (SRR 5T el e 3 LT T T
untried logic design. They're highly repeatable an 0050 40 0T 0 oF 0 e
proven reliable. No logic race conditions; no logic cir- 0 OV L0 NS S e ) b ot et - ]
cuit debugging. And our new MOS ROM elements are Va0 1 L )_,_)’\2‘}1‘4
fast, 500 nanoseconds, the fastest available. They operate

from +12 and — 12 volt supplies. Easily compatible with

conventional DTL and TTL.

MM521 is a 1024 bit element (256 x 4) 16 pin Dual In-
Line device selling for $45.00 in 100 quantity. MM522

TO YOUR MM 521

is a 1024 bit element (128 x 8) 24 pin Dual In-Line at i ey
$60.00. Our 500 series MOS are specified at —25°C to
+-70°C. Full temperature range (—55°C to +125°C) B == g
is also available. 0 - X
We're building a memorable packet of information for D 3 b=
logic designers. For the complete set, write or call fapyts — po PSR ine ZOutputs
National Semiconductor, 2975 San Ysidro Way, Santa r
Clara, California 95051. (408) 245-4320. P
TWX: 910-339-9240. Cables: NATSEMICON. G

Bl—

MOS
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. With Vv, =25V, V, = 8.5 V and the compo-
nent values shown,
Vi (oh) — W) — 69.m V.

Ken Wolf, Applications Engineer, Motorola
Semiconductor Products, Inc., Phoenix, Ariz.
VOTE FOR 315

Complementary ‘Schmitt’ trigger
has zero output-offset voltage

A feature of the conventional two-transistor
Schmitt trigger that can sometimes be a problem
is the fact that the output does not go to zero
when the input signal is removed. As the
trigger threshold level of the Schmitt is in-
creased, the output-voltage offset also increases.

This problem can be avoided with the two-tran-
sistor complementary trigger circuit in Fig. 1. It
has zero output offset, 5-V turn-on voltage and
1-V hysteresis.

Normally both transistors are OFF. The emit-
ter voltage of both transistors is set by the volt-
age divider R,, R, and R,. When voltage V, ex-
ceeds V.t + Viei, both Q1 and Q2 turn ON,
providing an output voltage at the collector of Q2.

With both transistors ON, resistor R; is switch-
ed in parallel with R, and R, thus lowering volt-
age V.. To turn Q1 and Q2 OFF, V, must de-
crease below V.., + Vjzp. Thus the hysteresis
may be adjusted by suitable choice of the voltage
divider (R,, R., R;) and R,. Sine-wave squaring
with no hysteresis can be accomplished by by-
passing the emitter of Q2.

Alan M. Hansel, Senior Development Engineer,
E. F. Johnson, Waseca, Minn.
VOTE FOR 316

7oL

VOTE! Go through all Idea-for-Design entries, select the
best, and circle the appropriate number on the Reader-
Service-Card.

SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here's how. Submit your
IFD describing a new or important circuit or design
technique, the clever use of a new component or test
equipment, packaging tips, cost-saving ideas to our
Ideas-for-Design editor. You will receive $20 for each
accepted idea, $30 more if it is voted best-of-issue by
our readers. The best-of-issue winners become eligible
for the Idea Of the Year award of $1000.
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o Vec=12V
& Ra 3 RI
$ 100k S
1 2 L2k
$ R2
o LBk
Va
| R3
:L 1.2k
J,—_—o Vour
i; R7
J__ 1.5k

1. Complementary circuit provides Schmitt-trigger type
operation with a zero output-voltage offset at a savings
of one transistor over the conventional three-transistor
approach.

2. Complementary trigger circuit waveforms are shown
for dc operation (top) and ac operation with a 1-kHz sine-

wave input (bottom). The two scales in both illustrations
are 2 V/cm.
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Environment Proof
is what we call it.

The Stackpole Series 100 miniature rotary switch
is here! New, compact 1%" diameter body size. To-
tally enclosed to protect against exposure, contact
contamination and production damage. Explosion-
proof. Ideally suvited for today’s rugged demands
and space applications.

Reliability and long life are assured by
Stackpole’s unique mode of switching—field proven

in the larger Series 600 switch. Internal intermixing
of electrical functions and interconnection of decks
and terminals provide unprecedented switching
versatility. Inherently economical — Stackpole en-
closed rotaries are competitively priced with open
deck, clip type switches. This new versatility and
economy encourage complete freedom of design
and afford the use of enclosed rotary switches for
all applications.

Sample switches, made to your exact specifica-
tions, are shipped in 2 to 3 days and production
quantities in 2 to 3 weeks. For prompt quotations
and samples, send your wiring diagrams or speci-
fications to: Stackpole Components Company,
P. O. Box 14466, Raleigh, North Carolina 27610.
Telephone: 919-828-6201. TWX: 510-928-0520.

<
COMPONENTS COMPANY

®
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Meet our new 526 High Speed Comparator: 33%
faster than any other now available (propagation
delay, 42ns maximum). It operates off standard 5V
logic supplies, and provides a 4V common mode
range. No additional cans are required for output
buffering (the 526 provides a fan-out of 10 to DTL

One better
comparator:

and TTL inputs). And the 526 is more versatile, since
the differential amplifier and NAND gate can be
used independently. Available now in 3 package
configurations: Flat pak, TO-5 and DIPs in both
military and industrial temperature ranges. Prices
start at $4.15 (100-999) for industrial DIPs.

V-

526 High Speed Comparator

ree perfect
replacements:

Signetics now has pin-for-pin and spec-for-spec replacements for the 709, 710 and
711 in all established package configurations. They are available in volume at low,
low prices starting at $1.86 (100-999) in TO-5 industrial temperature types.

5709 Operational Amplifier 5710 High Speed Voltage Comparator 5711 High Speed Dual Voltage Comparator

INPUT COMPENSATION
7

NV INPUT
a

@
NON-INV INPUT
INV INBUT 2

[
NON-INV INPUT 2
STROBE 2

Signetics Integrated Circuits

A SUBSIDIARY OF CORNING GLASS WORKS 5
811 Eost Arques Ave., Sunnyvale, Colifornio 94086

SIGNETICS SALES OFFICES: Wakefield, Massachusetts (617) 245-8200; Trumbull, Connecticut (230) 268-8010; Poughkeepsie, New York (914) 471-3292; Syracuse, New York (315) 469-1072; Fort Lee, New Jersey (201) 947-9870;
Radnor, Pennsylvania (215) 687-2660; Silver Spring, Maryland (301) 946-6030; Clearwater, Florida (813) 726-3734; Winter Park, Florida (305) 671-5350; Dayton, Ohio (513) 433-4133; Minneapolis, Minnesota (612) 920-3256;
Rolling Meadows, Illinois (312) 259-8300; Richardson, Texas (214) 231-6344; Garden Grove, California (714) 636-4260; Burbank, California (213) 846-1020; Redwood City, California (415) 369-0333.

DISTRIBUTORS: Avnet Electronics Corp., Burlington, Mass. (617) 272-3060; Cesco Electronics, Ltd., Montreal, Quebec, Canada (514) 735-5511. Compar at the following I Alabama (205) 539-8476;
Los Angeles, California (213) 245-1172; Burlingame, California (415) 347-8244; Hamden, Connecticut (203) 288-9276; Clearwater, Florida (813) 446-2991; Orlando, Florida (305) 855-3964; Park Ridge, lllinois (312) 692-4125;
Baltimore, Maryland (301) 484-5400; Newton Highlands, Mass. (617) 969-7140; Minneapolis, Minnesota (612) 922-7011; St. Louis, Missouri (314) 542-3399; Albany, New York (518) 489-7408; Endwell, New York (607) 723-8743;
Woodbury, New York (516) 921-9393; Fairport, New York (716) 271-2230; Syracuse, New York (315) 471-3356; Winston-Salem, North Carolina (919) 723-1002; Seattle, Washington (206) 763-1711. Hamilton Electro Sales,
Culver City, Calif. (213) 870-7171; Cherry Hill, N.J. (609) 662-9337; Hammond Electronics, Orlando, Florida (305) 241-6601; Kierulff Electronics, Seattle, Wash. (206) 763-1550; G. S. Marshall, San Marino, Calif. (213) 684-1530;
Milgray-Del: Valley, Inc., Phil ja, Pa. (215) 228-2000; Pioneer Standard Electronics, Rockville, Maryland (301) 427-3300; Schiey Electronics, Watertown, Mass. (617) 926-0235; Semiconductor Specialists, Inc., Eimhurst,
Illinois (312) 279-1000; Terminal-Hudson Electronics, New York, New York (212) 243-5200; Universal Electronics, Inc., Houston, Texas (713) 781-0421; Wesco Electronics, Inc., Los Angeles, Calif, (213) 685-9525; Palo Alto, Calif.
(405) 968-3475.

DOMESTIC REPRESENTATIVES: Compar Corporation at the following locations: Scottsdale, Arizona (602) 947-4336; Denver, Colorado (303) 781-0912; Southfield, Michigan (313) 357-5369; Haddonfield, New Jersey (609) 429-1526;
Albuquerque, New Mexico (505) 265-1020; Albany, New York (518) 489.7408; Endwell, New York (607) 723-8743; Fairport, New York (716) 271-2230: Syracuse, New York (315) 471-3356; Rocky River, Ohio (216) 333-4120;
Fairborn, Ohie (513) 878-2631; Dallas, Texas (214) 363-1526; Houston, Texas (713) 667-3420. Ozark Electronic Marketing, Inc., St. Louis, Missouri (314) 423-7200.

INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland, Luxemburg, Spain—Sovcor Electronique, 11, Chemin de Ronde, Le Vesinet, (S.-&-0.) France. United Kingdom, Ireland, Sweden, Denmark, Norway, Switzerland, Austria,
Portugal—Electrosil Ltd., Lakeside Estate, Colnbrook-By-Pass Slough, Buckinghamshire, Great Britain. Australia—Corning, 1202 Plaza Building, Australia Square, Sydney, N.S.W, 27-4318. Canada—Corning Glass Works of Canada, Ltd.,
Leaside Plant, Ontario, Canada (416) 421-1500. Israel—Talviton, P.0. Box 3282, Tel-Aviv, Israel 236-666. Japan—ASAHI Glass Co., Ltd., Corning Products Sales Dept. No 14, 2-Chome Marunouchi, Chiyoda-ku, Tokyo, Japan 211-0411,
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FAST RESPONSE — MINIATURE
D/A BINARY LADDER NETWORKS

Five Standard Values
Full Scale Accuracy =% LSB
4 to 8 Bits — 10 to 35 Volts

Mepco Binary Ladder Networks provide high
accuracy, high speed conversion to within
+% LSB (least significant bit) over the full
military temperature range. Networks are avail-
able as precut, stabilized factory stock in five
standard resistance values. Final switch
compensation in accordance with customer
specification assures perfect mating with
switching circuitry.

Used in conjunction with a flip-flop register, a
buffer amplifier, a ladder switch and a precise

MEPCO, INC.

Columbia Road
Morristown, N. J. 07960

aYAAY,

reference supply voltage, the Mepco binary
ladder provides digital to analog conversion to
an accuracy within 2 the least significant bit.

May also be used with a comparator and a
control gate to provide analog to digital
conversion.

The low profile, small size, modified dual
in-line package assures close-spaced board
sandwiching, and compatability with auto-
matic insertion equipment. Standard DIP
mounting pins furnish standoffs for ultrasonic
board cleaning, and provide extra leads for
increased vibration and shock resistance.

Write or call for Data Sheet — or talk to any
MEPCO representative.

e ovioes  Telephone: (201) 539-2000 TWX: 710-986-7437
D/A Binary Ladder Networks - one of a series of MEPCO network modules.
INFORMATION RETRIEVAL NUMBER 44
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Engineers & Scientists:

What’s your line in AGM’s?

IR? RADAR?
ANTHRADIATION?
ORRELATION?

LASER?
LV

84

Rapid expansion of Air-to-Ground Missile activities at
Hughes Aerospace Divisions in Southern California has
created unusual growth opportunities for qualified Engi-
neers and Scientists. Immediate openings exist at all
levels on a variety of interesting projects such as:
MAVERICK, anti-radiation missiles, radar-guided mis-
siles and new advanced missile technologies. Areas of
interest include:

Laser Guidance Structural Design
Radar Aerodynamics Warheads & Fuzing
Infrared Signal Processing  Operations Analysis
Television Digital Computer Simulation Studies
Control Thermodynamics Trajectory Analysis

All assignments require accredited, applicable degrees,
U.S. citizenship and a minimum of 3 years of related,
professional experience. Please airmail your resume to:

Mr.RobertA-Martin v+ & = )

Head of Employment | i
sines | HUGHES |

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

An equal opportunity employer.

Hughes Aerospace Divisions
11940 W. lefferson Blvd.
Culver City, Calif. 90230

ELecTrONIC DESIGN 3, February 1. 1969



Free Career Inquiry Service
Absolutely Confidential

Respond to the career opportunities advertised in this issue. Fill out and send us this handy resume.
Electronic Design will do the rest — neatly typed copies of this form will be mailed to the companies of
your choice, indicated by the circled Career Inquiry Numbers at the bottom of this page.

Home Phone

Home Address (Street)

: City
|

IState : ZIP Code
| |

Age

_l Yes

U.S. Citizen

mNo

Security Clearance

Prime Experience

Secondary Experience

Desired Salary

Availability Date

Employment History — present and previous employers

Company

City, State

Dates

to

to

to

Title

Specialty

Education - indicate major if degree is not self-explanatory

Degree

College

City, State

Dates

to

to

to

Additional Training — non-degree, industry, military, etc.

Professional Societies

Published Articles

Career Inquiry Numbers:

900 901 902 903

S e 912 913

904 905 906 907

91 R 9159161917

908 909

918" 919

ELECTRONIC DESIGN
850 Third Avenue
New York, New York 10022
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i JMC 4642 JMC 4640

New Miniature Series
Variable Air Capacitors

High capacity in a small package
— exclusive round nut permits in-
stallation in tight places or minia-
turized packaging. Ultra-rugged
construction.
Specifications

e Small Size: .220” dia. 15/32” length
eQ @ 100 mc: > 5000
e Capacity Range: .4 pF — 6 pF

(> 8 Turns)

e Working Voltage: 250 VDC
(Test Voltage 500 VDC)

e Insulation Resistance: > 10® Megohms
o Temperature Coefficient: 50

+50 ppm/°C
e Temperature Range: —65°C to 4+125°C

5700 Solder. Pre-

Features rtion. Not affected

vents disto
by conven
temperatures-

tional soldering

Call or write for complete information.

ohanionD

MANUFACTURING
CORPORATION

400 Rockaway Valley Road
Boonton, N. J. 07005 e (201) 334-2676
Electronic Accuracy Through Mechanical Precision
INFORMATION RETRIEVAL NUMBER 45
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Book
REViews

MHD energy conversion
Magnetohydrodynamic Energy Con-
version, Richard J. Rosa, (McGraw-
Hill Book Co., New York), 230 pp.
plus index, $17.50.

This stimulating introduction
for the lay engineer—and useful
reference for those engaged in the
field—reviews the basic principles
and practical aspects of MHD en-
ergy conversion. Detailed deriva-
tions from first principles are ab-
sent but pertinent qualitative
semi-physical arguments are pro-
vided for those unfamiliar with
plasma physics.

The book discusses such topics
as fluid flow, instabilities and other
nonuniformities, magnet designs
for MHD generators, and scaling
laws. All important advances up to
the present are referenced. The
possibilities inherent in the unique
ability of MHD to handle ultrahigh
temperature and power are explor-
ed in terms of immediate and
future applications.

There are 114 illustrations and
the appendices contain graphs of
conductivity and Hall parameter
for a variety of gases, miscel-
laneous constants and conversion
factors, and expressions for rapid
estimations of sound speed, viscosi-
ty and Reynolds number.

CIRCLE NO. 250

Z

The company is PRD.
The opportunities,VAST.

The areas with immediate openings are:

e Electronic Design

* Systems Development

e Microwave Engineering

e Project Engineering

e Liaison Engineering

e Electronic Maintainability

* Reliability Engineering

 Computer Applications/
Programming

e Field Engineering

e Systems Test

* RF, Digital & Analog
Development

» Configuration Engineering

Why not discuss the opportunities awaiting
you at PRD in one or more of the above
areas? You'll find out more about the VAST
goings-on here. And see exactly how they can
help realize your career objectives.

Send your resume, in confidence, to Gene
Wicks, PRD Electronics, Inc., Dept.J-43-1, 70
Jericho Turnpike, Jericho, L.I., N.Y. 11753.
We are an equal opportunity employer, (M&F).

CORPORATION

A Division of Harris-Intertype Corp.

PRD

ELECTRONICS, INC.

INFORMATION RETRIEVAL NUMBER 901
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a VAST new technology
from the inside.

The company is PRD.The opportunities, VAST.

To prove our point, consider the fact that we've
quadrupled new orders in the past two years.
Project 150% increase in technical staff. Have
the backing of an international communications
corporation with over a quarter billion dollars in
sales last year. And a one-generation jump in a
systems field one independent source* predicts
will grow 8-fold in as many years.

It's the vast new world of VAST—the Navy's
Versatile Avionic Shop Test system. An impor-
tant new concept that PRD conceived...and a
new generation of automated test equipment
that initiates on-line real-time testing of avionic
equipment.

Becoming an insider in this new technology
could be a breakthrough in your career. To begin
with, no matter what your discipline, your knowl-

*Space Aeronautics, April, 1968, page 76.

ELEcTRONIC DESIGN 3, February 1, 1969

edge will be honed to the state of the art in
terms of the latest avionic techniques and equip-
ment...because these are the systems VAST
will test. Next, you'll go a jump beyond, antici-
pating future modifications in the systems
under test, and preplanning VAST to accommo-
date them.

This kind of dynamic program, coupled with
our progressive management philosophy, makes
for a stimulating environment.

It means close technical partnership
between “insiders” in systems, equipment and
circuit design; memory and electro-optics spe-
cialists; programmable equipment engineers
and systems test analysts...and many more.
Individual performance is quickly recognized.
And everyone has the opportunity for personal

growth into engineering management or tech-
nical specialization. At our growth rate, the re-
sult is an outstanding opportunity to advance.

There are many reasons to consider being
an “insider” on the PRD/VAST team: some of
them technical, others managerial. Scan the
active areas listed on the facing page. Then,
send us a resume...and let us prove our point.

We are an equal opportunity employer, (M&F).

CORPORATION

PRD

ELECTRONICS, INC.

A Division of Harris-Intertype Corp.
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sub-Miniature
LOW-Inductance
Gapacilor

High @ >1500 @ 500 mc

10:1 capacitance ratio in micro
miniature size — extra fine tuning
<.35 pF per turn. High Q, (greater
than 1500 at 500 mc).

Specifications

Size: ¥8” diameter, ¥2” length
Capacitance Range: 0.35 pF to 3.5 pF
Working Voltage: 250 VDC

(test voltage, 500 VDC)
Q @ 100 mc: >5000; @ 250 mc, >2000
Insulation Resistance: >10¢6 Megohms
Temperature Range: —55°C to125°C
Temperature Coefficient: 50

=+ 50 ppm/°C

res 570° Solder. Pre-

istortion. Not af!ecfed
o nal soldering

Featu
vents

by conventio
temperatures.

Call or write for complete information.

oansord>

MANUFACTURING
CORPORATION

400 Rockaway Valley Road

Boonton, N.J. 07005 e (201) 334-2676
Electronic Accuracy Through Mechanical Precision
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BOOK REVIEWS

Statistical theory

Detection, Estimation and Modula-
tion Theory, Part I, Harry L. Van
Trees (John Wiley & Sons, New
York), 697 pp. $20.

The application of statistical
techniques to the analysis of all
types of systems—and the result-
ing implications—are the subject
of this authoritative book. Building
on a sound base of classical detec-
tion and estimation theory and ran-
dom process representation, the
author devotes this volume to
linear analysis.

The appendix contains a detailed
course outline. Comprehensive ref-
crences, an extensive glossary and
a valuable index are also included.

CIRCLE NO. 251

Semiconductors

Semiconductors: From A to Z, Phil-
lip Dahlen, (Tab Books, Blue Ridge
Summit, Pa.), 272 pp., $7.95.

In clear, direct language, this
text explains the functions and ap-
plications of a comprehensive range
of transistors and semiconductors
used today. With the assistance of
over 300 illustrations, such topics
as transistor biasing, effects of
temperature on operation, factors
limiting transistor frequency re-
sponse, etc. are covered in a high-
ly basic manner. Integrated cir-
cuit applications are treated ex-
tensively and several chapters are
devoted to new developments in the
field of optic-electronic circuits.

CIRCLE NO. 252

At General Electric’s
Heavy Military
Electronic Systems
there are openings at
various experience
levels in all these areas:

RADAR ENGINEERING

systems design & development

receiver and processor design

transmitter design

microwave & solid-state design

mechanical design (microelectronic
modules, antennas & RF components)

SONAR DESIGN &
DEVELOPMENT ENGINEERING
systems

systems development

digital systems

microelectronic applications

circuit design

sonar transmitters

transducer development

INFORMATION PROCESSING
Design Engineering

radar

monitor & control systems
digital & control equipment
displays

microelectronic devices
Programming/Analysis

radar

scientific computer applications
real-time techniques

QUALITY CONTROL
ENGINEERING & SUPPORT

planning & implementation
testing

liaison

LOGISTICS

Reliability Engineering
MANUFACTURING

ENGINEERING
producibility
microelectronic processes (hybrid ICs)

GENERAL @D ELECTRIC

INFORMATION RETRIEVAL NUMBER 902
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Earth. While it may not look like much
from out here, it's a great atmosphere
for hide-and-seek. The kind involving
ballistic trajectories, large and small.
Super/hypersonic speeds. And other
complications.

Which is why we’re very much at home
here. Why you can be, too. Technologi-
cally as well as physically. Because our
job is looking, deciding and directing. In
microseconds. Or, more precisely, design-
ing and manufacturing radar (and sonar)
systems to do the job.

NEAR, FAR AND UP What can we offer
you here? It depends. On your back-
ground and inclinations.

“‘Far’” projects. Tracking spaceborne
hardware and identifying it via computer-
based signature analysis. Or looking over
the horizon.

PHOTOGRAPH OF EARTH FROM AN ALTITUDE OF 22,300 MILES TAKEN BY ATS-3. COURTESY OF NASA.

It doesn’t look like much. But it’s home.

“Near” projects. Like artillery location via
trajectory analysis, ranging from under a
mile to several.

“Up” projects. Things like tactical air-
craft navigation, 3-D ranging...and
much more.

Or multiple involvement.

HOW ABOUT DEPTH? You know what we
mean. The environment. The support.
The future.

Draw your own conclusions. From on-
going projects like PAR—Perimeter
Acquisition Radar for the Sentinel ABM
System. Our many labs, including in-
house microelectronics fabrication.
Backup by the GE “R&D community,”
including our Electronics Laboratory and
R&D Center. And a tradition dating back
to the first radar and sonar systems man-
ufactured in this country.

HOME ON OUR “RANGE” If the promise
of working on systems so advanced they
couldn’t even have been conceived three
years ago intrigues you, maybe we
should talk.

Check the opposite page to see which of
our current openings best match your
talents. And send us your resume. We'll
tell you more about why there’s no place
like our “home.”

Write to Mr. J. L. Wool, Manager, Profes-
sional Recruiting, General Electric Com-
pany, Heavy Military Electronic Systems,
Sect. 59-F, Court Street, Syracuse, New
York 13201.

GENERAL @ ELECTRIC

An equal opportunity employer M/F




How many Mil-Spec counter-timers
now provide performance to 3.3 GHz?

‘1300

MIXING FREQ MH:

HETERODYNE CONVERTER

BENSITIVITY
100

1y
e |
C) C) im

L MATIPLER ——
)

And it’s the CMC 880 with two new plug-ins!

The CMC Model 880 is the only high-frequency counter-
timer commercially available that has been designed, tested,
and field-proven to meet all pertinent military specifications. *

This rugged, completely portable instrument, with its drip-
proof clip-on cover and valise handle, has already proven
itself in the toughest military and industrial applications.
And the CMC 884, a companion heterodyne converter, has
been right there when needed to boost the 880’s 100-MHz
direct-counting range up to 555 MHz. So what else is new?
Plenty!

Here are two new plug-ins that further set the 880 apart
as the only Mil-Spec counter-timer offering performance in
the gigahertz range. The Models 882 and 885 Heterodyne
Converters will now boost the 880’s frequency range to 1.3
GHz and 3.3 GHz respectively, and both feature built-in
video amplifiers providing a sensitivity to 10 mV, the use of

all solid-state components, and an accuracy equal to that of
the basic counter.

So when you’ve got a job to do where the going’s rough —
try the 880. You'll be in good company if you do. And for
your copy of CMC’s new 12-page Military Counter brochure
with complete specifications, circle the reader service card.

*The Model 880 meets all requirements of MIL-E-16400,
Shock Spec MIL-S-901, and RFI Spec MIL-1-16910.

CIMIC

A Division of Pacific Industries

12970 Bradley/San Fernando, Calif. 91342/(213) 367-2161/TWX 910-496-1487
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» 4-bit counters pérform synchronous ; i’hé "TTL circuits ope'r'a;ce in  multi-stage
counting at speeds greater than 15 MHz. systems without external logic. Page 92

..
e

Flexible plastic solder, which bonds to Dial fast-rise fast-fall pulses at rates to 1 MHz
aluminum, withstands 500°F. Page 106  with pocket-sized pulse generator. Page 103

Also in this section:

Vhf p-i-n diode predictably changes its rf resistance. Page 100

L-band transistor supplies 20-W output and 5-dB gain at 1 GHz. Page 100

Miniature tapped delay lines feature 14-pin DIP housing. Page 108

Design Aids, Page 114 . . . Application Notes, Page 116 . . . New Literature, Page 118
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ICs & SEMICONDUCTORS

MSI 4-bit counters
MHz

operate at 15
" Wk

child Drive, Mountain View, Calif.
Phone: (415) 962-2530. Price: $21
to $46.

Designed with MSI complexity
for multiple-stage digital systems,
two CCSL (compatible current-
sinking logice) circuits achieve syn-
chronous counting at speeds great-
er than 15 MHz. These 4-bit
counters are the 9310 BCD decade
counter and the 9316 binary hexi-
decimal counter. Both TTL circuits
can be used in multi-stage opera-
tions, without external logic or
degradation in speed over a single
stage. They feature synchronous
gated parallel entry.

CIRCLE NO. 253

Silicon chip diodes
form compatible family

Centralab Semiconductor Div., 5757
N. Green Bay Awve., Milwaukee.
Phone: (414) 228-2053.

Developed specifically for hybrid
circuits, a compatible line of silicon
chip diodes includes planar epi-
taxial core drivers and regulators;
temperature-compensated devices
and planar SCRs; rectifiers and
tunnel diodes. Their bonding pads
are optimized for hybrid microcir-
cuit applications. Gold or silicon
backs are available for eutectic
bonding; gold-over-nickel is avail-
able for solder attachment.

CIRCLE NO. 254

92

Chopper transistors
up breakdown to 60 V

'iiﬁ
‘\

\

Solitron Devices, Inc. 1177 Blue
Heron Blvd., Riviera Beach, Fla.
Phone: (305) 848-4311.

Small-signal chopper transistors,
types 2N2944, 2N2945 and 2N 2946,
feature breakdown voltages as
high as 60 V, offset voltages as
low as 200 uV, and current gains
of 50 to 250. These low-level chop-
pers, which are packaged in a
TO-46 case, may be ordered as
singles or as matched pairs. Ap-
plications include modulators, ser-
vos, telemetry systems and multi-
plexing.

CIRCLE NO. 255

Plastic power triacs
carry 10 A at 200 V

General Electric Semiconductor
Products Dept., 1 River Rd.,
Schenectady, N.Y. Phone: (518)

374-2211. Price: 80¢ or $1.04.

Dimensionally comparable with a
TO-66 metal can, two 200-V
medium-current plastic power tri-
acs, the SC141 and the SC146,
handle 6 and 10 A, respectively.
Housed in a molded silicone pack-
age, the devices feature round leads
for easy handling and mounting, a
solid copper heat sink for low ther-
mal impedance (2°C/W); simple
mounting by fastener and a glass-
passivated triac pellet for device
hermeticity.

CIRCLE NO. 256

Threshold logic ICs
reject noise spikes

Viw
INPU

Motorola Semiconductor Products,
Inc., P.O. Box 20912, Phoenix.
Phone: (602) 273-8466. Price:
$2.35 to $6.10.

A digital IC family of threshold
logic circuits is able to operate with
high noise immunity because of
their inhibited response to noise
spikes. This characteristic results
from the combination of their high
threshold (7.5 V) and relatively
slow operating speed. Nine func-
tions are available: a line driver
(MC662L); two translators (MC-
6651, MC666L) ; a dual monostable
multivibrator (MC667L); four
NAND gates (MC668L, MC670L
to -672L), and a dual expander
(MC669L).

CIRCLE NO. 257

Power transistors
switch 5 A in 100 ns

2

.....

- -

Solid State Products, One Pingree
St., Salem, Mass. Phone: (617)
745-2900.

Able to carry currents as high
as 10 A, npn planar passivated
transistors turn on in 100 ns and
turn off in 700 ns when current is
5 A. Types 2N4150, 2N2811 to
2N2814, and 2N5552 have a mini-
mum sustaining voltage of 80 V at
100 mA and a maximum saturation
voltage of 1 V at 10 A. Their
minimum current gain ranges from
30 at 10 A to 50 at 5 A.

CIRCLE NO. 253

ELeEcTRONIC DESIGN 3, February 1. 1969
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IN POWER SUPPLIES

NOW, a power supply delivering overall static regulation of
+ 3% . . . costing little more than a constant voltage transformer
bulk supply delivering #+10% overall static regulation . . . available
“off-the-shelf” from your local electronic distributor.

Don't stop! There's more . . . like automatic current limiting,
frequency insensitivity, series connectability, three-phase operation,
standard rack mounting, and remember . .. “off-the-shelf” from your
local electronic distributor.

SCRDC-III is especially designed for use with logic circuitry
and as a bulk power source for point-of-use IC regulators. It is an
ideal design supply . . . a reliable production supply.

In plain and simple terms — if you need better overall regulation
and performance than can be provided by an economical constant
voltage transformer bulk supply, but do not need quite the regula-
tion and performance of an expensive series regulated transis-
torized supply — your third choice is your best choice — SCRDC-III.

Here is the true Third Dimension in Power Supplies.

For more information, contact your stocking Sola electronic
distributor or write or call today: Sola Electric, 1717 Busse Rd.,
Elk Grove Village, lllinois 60007. 312 — 625-8630

SOLA ELECTRIC

DIVIBION OF BO0LA BASIE INDUSTRIES

L
[1]

IN CANADA: SOLA BASIC LIMITED - IN MEXICO: SOLA ELECTRICA DE MEXICO, S. A,
SOLABASICDIVISIONS: DIELECTRIC COMMUNICATIONS « WARREN COMMUNICATIONS
ANCHOR ELECTRIC « HEVI-DUTY ELECTRIC « SOLA ELECTRIC « LINDBERG HEVI-DUTY

NELSON ELECTRIC « SIERRA ELECTRIC

INFORMATION RETRIEVAL NUMBER 48
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HALLMARK
STANDARDS Inc.

Introduces...

A New “Taut Band”
Electrostatic
Voltmeter

Model KVE

with major improvements in
accuracy, stability
and ruggedness
Model KVE instruments are newly
designed DC-RF electrostatic volt-
meters for making true rms or peak
measurements up to 100 kv. Insu-
lation resistance 3 x 10'° ohms min.
Multirange switch controlled in-

struments. Indication is indepen-
dent of frequency or wave form.

Model LVE is bench type portable
with ranges down to 100 v fs.

Hallmark’s Unusual
Design Features
m “Taut Band” ruggedizes moving element!
m No pivot friction!
m Eddy current damping.

m Newly designed insulator minimizes DC
calibration drift from polarization!

m Linearized scale! Resolution is the same
over the entire measuring range!

m Hysteresis and zero set less than
+0.05%.

m Available as portable or for 19” rack
mounting.

Accuracy *=0.5% for most ranges.

Unconditional two-year warranty.

All scales individually calibrated

and hand drawn. Calibrations

traceable to NBS.

Write for literature.

HALLMARK

STANDARDS

Inc.
145 Library Lane

Mamaroneck, N.Y.

10543
INFORMATION RETRIEVAL NUMBER 49
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ICs & SEMICONDUCTORS

Si photodetector
comes unmounted

United Detector Technology, 1732
21st St., Santa Monica, Calif.
Phone: (213) 393-3785.

At full depletion, an unmounted
low-capacity silicon photodetector,
which has an active-area diameter
of 1 em, provides a minimumn
capacity of 50 pF. The dark leak-
age current of model PIN-8LC is
0.2 pwA, and its risetime is 4 ns.
This unmounted detector can be
supplied with leads attached and
epoxy coated. A special array is
also available that requires no lead
attachment and has an element size
of 2 by 2 mils.

CIRCLE NO. 259

Power transistors
sustain 300 V, 5 A

Solitron Dewvices, Inc., 1177 Blue
Heron Blvd., Riviera Beach, Fla.
Phone: (305) 848-4311.

Packaged in a TO-66 case, triple-
diffused npn silicon transistors
handle power levels of 300 V at
5 A. Types SDT 4901 to SDT 4905
use planar construction to stabilize
under reverse-bias condition. Cur-
rent gains range from 20 to 60 at
1 A; saturation voltages are less
than 0.5 V at 1 A with an input
voltage of less than 1.5 V.

CIRCLE NO. 260

Avalanche diodes
hold down noise

Computer Diode Corp., Pollit Drive,
Fair Lawn, N. J. Phone: (201)
797-3900.

A series of low-voltage avalanche
diodes feature dynamic impedances
as low as 10 Q and noise densities
as small as 4 wV/Hz at 250 pA.
The new units, types GLA 28 to
GLA 100, have zener voltage rat-
ings from 2.8 to 10 V dec and are
rated at 600-mW continuous power
dissipation.

CIRCLE NO. 261

Automatic die system
probes and attaches

Transistor Automation Corp., 18
Moulton St., Cambridge, Mass.
Phone: (617) 868-3600.

Model 1000 production system
virtually eliminates all manual
handling of semiconductor dice—
from probing to die-attach. The
system consists of: a wafer prob-
er; a unit that removes the dice
from the slice and places them ox
a tape; and another unit that un-
loads the die to the attach station.

CIRCLE NO. 262

Accumulator chip
performs at 4 MHz

National Semiconductor, Corp.,
2950 San Ysidro Way, Santa Clara,
Calif. Phone: (408) 245-4320.
Price: $30.

Permitting chip recirculation of
data into a serial register memory,
a dual 64-bit dynamic accumulator/
register operates at 4 MHz with a
low power consumption of 0.8
mW /bit/MHz. Designed primarily
for high-speed drum-type memories
and high-speed display systems,
model MM510 recirculates data in-
dependent of its output drive cir-
cuit, thus making it insensitive to
external loading.

CIRCLE NO. 263
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MODULES & SUBASSEMBLIES

Solid-state converters
replace servo systems

TRANSMAGNETICS

N

Transmagnetics, Inc., 134-25
Northern Blvd., Flushing, N.Y.
Phone: (212) 539-2750. Price:
$230.

Replacing mechanical servo sys-
tems, a new series of solid-state
modules converts three-wire syn-
chro inputs to two de voltages that
are proportional to sine and cosine
functions. Ranging in frequency be-
tween 45 to 656 Hz and 380 to 420
Hz, series 655 modules operate
with an accuracy of five minutes of
arc. They are approximately 0.58
by 2 by 2-1/4 in. in size.

CIRCLE NO. 264

Analog switches
have gain of 10°

Optical Electronics, Inc., P.O. Box
11140, Tucson, Ariz. Phone: (602)
624-3605. Price: from $33.

Representing different basic con-
figurations, three new analog
switches feature high isolation at
high frequencies and high current
gain over wide bandwidth. Models
5349, 5354 and 5430 have a typical
isolation of 60 dB at 1 MHz, a
current gain of 10,000, and on-
resistance of 7 Q. Applications in-
clude video or pulse switching,
sample-and-hold circuits, choppers
and multipliers.

CIRCLE NO. 265

ELEcTRONIC DESIGN 3, February 1, 1969

Who's the
largest maker of the
smallest lamps?

You're wrong!

The correct answer: LAMPS, INCORPORATED. More subminiature and
microminiature lamps sold today are LAMPs than any other kind.

Didn’t know that? That’s why we’re advertising. Because, if you use
subminiature or microminiature lamps, you should know our name, and
some unusual facts like these:

We’re fanatic about uniformity. For example, filaments for all LAMPS
of each manufacturing lot are drawn from the same ingot of tungsten.
Sound fanatic? Not when you see what it does for the uniformity of your
LAMPS.

How about this? You can’t buy new LAMPS. We use them first. 98 %
of all subminiature and microminiature lamp failures occur during the
first 16 hours of use. So, LAMPS spend those 16 hours in our equipment,
not yours.

And, we make a specialty of doing things the experts tell us can’t be
done. Like a standard mscp variation of +15% (Industry practice:
+25%.) We perfected the first T-1 and T-34 neon lamps, the world’s
only T-%2 and T-38 production capability, and the first practical 28V
T-1 lamp for airborne use.

There are lots of other reasons why we sell more subminiature and
microminiature lamps than anyone else. We’d like to tell you about
them, too.

Write to us or contact your LAMPS representative. He has all the
facts about the 130 types of LAMPs and their thousand or so design
variations. More models to choose from than any @mﬂ PS
second-hand lamp dealer in town.

INCORPORATED

Lamps Incorporated 17000 So. Western Ave., Gardena, Calif. 90247
INFORMATION RETRIEVAL NUMBER 50
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MODULES & SUBASSEMBLIES

Miniature oscillator
clocks to 50 MHz

Oak Electro/Netics Corp., Crystal
Lake, Ill. Phone: (815) 459-5000.

Providing an output between 30
kHz and 50 MHz, a crystal clock
oscillator, which is designed for
stacked PC-board assemblies, meas-
ures only 1 in. square by 0.5 in.
high and weighs less than 1 oz. Op-
erationally, model MC109A1 holds
+150 ppm maximum from —55 to
+150°C over the frequency range
of 30 to 650 kHz; from 180 kHz
to 50 MHz, the unit holds %50
ppm.

CIRCLE NO. 266

Compact circular builder
prototypes designs

Advanced Technology & Systems
Corp., 199 Sound Beach Awe., Old

Greenwich, Conn. Phone: (203)
637-4337. Price: $98.
A portable transistor -circuit

builder permits circuit observation,
design, and redesign without using
any components except transis-
tors. Thus, experimental circuitry
can be prototyped in minutes. Such
circuits as push/pull, differential
amplifiers, phase shifters and mul-
tivibrators are easily constructed.
The compact circuit builder meas-
ures 15-1/4 by 9-3/4 by 8 in. and
weighs only 11 lbs.

CIRCLE NO. 267
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Analog multipliers
are self-contained

Optical Electronics, Inc., P.O. Box
11140, Tucson, Ariz. Phone: (602)
624-3605. Price: $75.

Six new analog multipliers can
do squares, square roots, division
and multiplication without the use
of external components. The new
units include both four-quadrant
multipliers and universal function
modules (multipliers with internal
utility amplifiers). Models 5323A,
5391, 5474, 5485, 5600, and 5627
offer typical maximum errors of
+0.1% and bandwidths as wide as
10 MHz.

CIRCLE NO. 268

Hybrid regulator
supplies 3 A dc

International Circuit Technology,
Corp., 18225 Euclid St., Fountain

Valley, Calif. Phone: (714) 540-
8110. P&A: $49; 4 wks.
Using high-stability thin-film

passive substrates and chip semi-
conductors, a hybrid voltage regu-
lator delivers 3 A dec for 5-V com-
puter logic circuits. The her-
metically sealed unit, model LM500,
is mounted on an isolated copper
heat sink for bolt-down installa-
tion. It can handle peak input volt-
ages of 40 V and peak currents of
4 A. With a 12-V input, load regu-
lation from no load to full load is
typically better than 0.01%.

CIRCLE NO. 269

FET-input amplifier
contains LID devices

Y

Melcor Electronics Corp., 1750 New

Highway, Farmingdale, N.Y.
Phone: (516) 694-5570. Price:
$33.

Constructed on a thin-film sub-
strate with LID-mounted semicon-
ductors, an FET-input operational
amplifier combines excellent fre-
quency response, low drift, small
size and high over-all performance
capability. Model 1810 is an IC-
sized amplifier contained in a 0.6-
in. square by 0.25-in. high epoxy
package.

CIRCLE NO. 270

Dual-output supplies
regulate with ICs
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Lambda Electronics Corp., Route
110, Melville, N.Y. Phone: (516)
694-4200. Price: from $155.

Using an integrated circuit for
its regulation system, a dual-out-
put power supply cuts in half the
number of required discrete com-
ponents and shrinks its size to only
3-5/32 by 3-9/32 by 3-5/16 in.
Series LCD-2 power supplies fea-
ture independent operation, inde-
pendent remote sensing, independ-
ent remote programing and
series/parallel (master/slave) op-
eration.

CIRCLE NO. 271
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18°

20 PPM ACCURACY
AT 23°.......AND
22°

23°C

30 PPM ACCURACY

24°

28°

OVER A 10°C RANGE!

Model 335A

Ordinary room temperatures are just dandy for Fluke
calibrators. For instance, our Models 332B and 335A
are specified to an accuracy of 20 ppm at 23° C. And,
in typical room environments, accuracy is degraded by
only 10 ppm.

How accurate should a calibrator be?

Naturally, every engineer wants the most accurate
calibrator he can get for his dollar. At Fluke we believe
the best price/performance tradeoff is 20 ppm. This
performance provides a 5 to 1 accuracy ratio for cali-
bration of 0.01% instruments. At the same time, it allows
our engineers to design instruments whose accuracy can
be maintained with a minimum of external equipment.
We estimate that 10 ppm calibrators on the market today
require about $6,000 worth of extra test equipment to
keep them on line.

What calibrator should | buy?

If your requirements are only for a calibrator, compare
the Fluke 332B with any other unit on the market. If a
multiple purpose instrument is your need, give the hard
eye to the Fluke 335A DC Voltage Calibrator, Differen-
tial Voltmeter and Null Detector.

Models 332B and 335A measure and supply dc voltages
from 0 to 1100 volts with an output of 0 to 50 ma.
Accuracy is 20 ppm. Stability is 20 ppm per year. Line
variation of =10% under load from 0 to 50 ma will not
significantly degrade the 0.002% accuracy. Overcurrent
protection automatically limits output current at any
present level between 1 ma and 60 ma. Any voltage with-
in the range of the instrument can be selected as an
overvoltage trip point. Ripple and noise are less than
40,v rms on the 1000 volt range. Model 335A offers
an accuracy of 20 ppm used as a differential volt-
meter. The Model 335A can be used as a null detector
and voltage source simultaneously with no interaction.
An output meter allows the user to read voltage or
current at a glance. Price of the Model 332B is $2295,
the Model 335A, $2485.

More information

Your local Fluke sales engineer will be happy to go
over his “tell-all” comparison chart with you, provide
complete literature and arrange a demonstration of
these units. His name and number are listed in EEM
and EBG. Or you may contact us directly if it's easier.

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

In Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Telex: 844-50237.
In the U.K., address Fluke Int. Corp., P.O. Box 102, Watford, Herts, England. Telex: 351-934-583.
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New!

14-bit

D-to-A Converter

<2 usec

4.85” x 4.85" x 1”7

385 Elliot St.,

l)x

conversion time

MODEL

SERIAL

-

MODEL DAC-14T: a high speed, high

resolution, 14-bit, integrated circuit
Digital-to-Analog Converter with a
0.006% accuracy. It features a unique
controlled transition output which in-
sures that the output signal changes
with negligible pre-shoot and over-
shoot monotonically from one value
to another.

Applications include precision
scope displays such as information
displays or signal recognition and
analysis. Also applicable for inte-
grated circuit testing requiring low
transient errors proportional to signal
magnitude. High speed of settling time
is compatible with high speed testing
where computer control and evalua-
tion is employed.

Essentially a miniaturized program-
mable power supply, DAC-14T may
be placed in close proximity to the
device being excited — a necessity
if high precision and high resolution
are to be maintained.

All elements, including reference
supply, switches, network, storage
registers, output amplifier, gain and
offset adjustment, are packaged with-
in a single printed circuit card plug-in.

Write or call for prices and
complete specifications.

PASTORIZA

ELCEETRONIES: |'INE
Newton, Mass. 02164 « 617-332-2131
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DATA PROCESSING

Portable tape recorder
uses ferrite heads

81 N.
Md.
P&A:

Corp.,
Rockville,
762-5999.

Video Research
Washington St.,
Phone: (301)
$16,350; 30 days.
Using solid ferrite
heads, a portable tape recorder,
can record 14 channels on 1-in.-
wide tape with performance match-
ing or exceeding that of competi-
tive machines. The recording heads
last for 5000 hours—more than
five times that of other recorders.
Model 8000 has tape speeds that
range from 1-7/8 to 60 in./s.
CIRCLE NO. 272

magnetic

Data acquisition system
handles 64 channels

IRA Systems, 332 Second

Inc.,

Ave., Waltham, Mass. Phone: (617)
891-7300. Price: $12,800.
Model 710 data-acquisition sys-

tem is capable of multiplexing and
digitizing 64 channels of low-level
analog data onto magnetic tape.
This new data logger contains a
16-channel FET multiplexer that
is expandable to 64 channels with
a switching speed of 1 us per chan-
nel. The accuracy of its integrating
digitizer is 0.015% of full scale at
a speed of 15 ms per conversion.

CIRCLE NO. 273

Desktop processor
transforms at 2 kHz

Computer Signal Processors,

Inc.,
176 Second Awe., Waltham, Mass.
Price: $45,000.

Including teletypewriter, display,
control, and software, a computer
signal processing system can con-
tinuously perform fast Fourier
transforms in real time to a 2-kHz
bandwidth, or in blocks of real
time to a 35-kHz bandwidth. The
desktop CompuSignal System-3
also performs zoom transforms,
auto-correlations, cross-cor-
relations, convolutions, averaging
histograms, and a variety of filter
signal-processing routines.

CIRCLE NO. 274

Card reader terminal
moves only two parts

412 W.
Phone:

Inc.,
Phoenizx.
from $60/

Data  Computing,
Hatcher Road,
(602) 943-6960. Price:
month, rental.

By reducing the number of mov-
ing parts to two, a slow-speed card
reader terminal achieves new levels
of economy, dependability and du-
rability. The Cardliner 10 oper-
ates at the speed of 10 characters
a second, the same speed as that
of the teletypewriter equipment it
is designed to complement. The two
moving parts are a picker knife,
and a rotary feeder.

CIRCLE NO. 275
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Magnetic tape recorder
has movable keyboard

> TR V|
Vanguard Data Systems, 3835
Birch St., Newport Beach, Calif.
Phone: (213) 371-6567.

Called the KB-600 Datascribe, a
7-track IBM-compatible magnetic
tape recorder features a 64-
character movable keyboard with
16 special keys for control or BCD
codes. The unit also incorporates
a tape transport that provides
automatic tape positioning, record-
ing, verifying and searching at
speeds up to 32 inches a second.

CIRCLE NO. 276

TV display system
stores 128 pictures

-
-
-

Data Dise, Inc., Display Div., 1275
California Awve., Palo Alto, Calif.
Phone: (415) 326-7602.
Incorporating multiple desktop
video terminals, a new computer-
driven display system can simul-
taneously store and display up to
128 different TV pictures. Usable
for alphanumeric and/or graphic
displays, the system basically con-
sists of a disc memory, a time-
shared control unit containing
addressing logic and a character
generator, a control terminal, and
display terminals.
CIRCLE NO. 277
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Better from any angle!

by DiGICATOR

From the Front i From the Back

In Profile

THINLINE READOUT  ULTRA-COMPACT DECODER/DRIVER
SERIES 20 MODEL 5720

FROM THE FRONT

Character height 1 inch e Wide-angle readability to
35 feet e High brightness in combination with ex-
ceptional lamp life. 5 or 12 volt lamps e Lamps easily
replaceable e Delivered as a complete assembly to
your specifications, including integral bezel, screen,
mounting studs . . . and lamps!

IN PROFILE

Only Ya-inch profile e Front panel mounting elimi-
nates requirement for rectangular panel cutout e No
detail piece parts to buy, assemble and mount e
Occupies minimum chassis volume.

FROM THE BACK

Ultra-compact DiGICATOR Model 5720 BCD to 7-line
decoder/driver plug-in package mates with the Series
20 readout e Monolithic IC unit has integral high-
current lamp drivers e Compatible with all TTL, DTL
and RTL logic systems e Lamp supply circuit separate
from logic supply; allows use of unregulated lamp
supply and direct dimming control e Eliminates all
but logic and power supply connections.

SIMPLE TO SPECIFY * SIMPLE TO PURCHASE < EASY TO DESIGN IN
EASY TO INSTALL * COMPETITIVELY PRICED

Phone or write for complete information

DISCON CORPORATION

1150 NORTHWEST 70th STREET « FT. LAUDERDALE, FLORIDA 33308
PHONE: (AREA CODE 305) 933-4551

Patents Applied For

INFORMATION RETRIEVAL NUMBER 53



MICROWAVES & LASERS

Rotary-step attenuator
conserves panel space

Daven, Div. of Thomas A. Edison
Industries, Grenier Field, Manches-
ter, N.H. Phone: (603) 669-0940.

Model 11300 miniature rotary-
step rf attenuator contains two at-
tenuator assemblies operated by
concentric shafts. It requires a
mounting space of 1-1/8 by 2-1/16-
in. and extends 3-5/16-in. behind
the panel.

CIRCLE NO. 278

Vhf p-i-n diode
is rf resistor

Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, Calif. Phone: (415)
326-7000. P&A: $18; stock.

Useful as a current-controlled re-
sistor for vhf or higher frequen-
cies, a new semiconductor compo-
nent changes rf resistance pre-
dictably with variations in its de
or low-frequency bias current. This
specially processed p-i-n diode,
model 5082-3003, has a resistance/
bias characteristic with a slope of
0.9 to 0.86 from 10 wA to 1 mA
(about 12 to 900 Q).

CIRCLE NO. 279

Electron multiplier
has gain of 107

Bendix Corp., Electro-Optics Div.,
1975 Green Road, Ann Arbor, Mich.
Phone: (313) 663-3311.

In a small straight-line con-
figuration, a windowless electron
multiplier provides gains in excess
of 107. The Spiraltron consists of
a straight-channel preamplifier
with a flared input that is joined
to a bundle of twisted channel
multipliers. This structure results
in a high-gain device requiring
three active electrical connections.

CIRCLE NO. 280

100

L-band transistor
delivers 20 W

TRW Semiconductors Inc., 14520
Avwiation Blvd., Lawndale, Calif.
Phone: (213) 679-4561. P&A: $80
or $160, stock.

The PT6821 microwave tran-
sistor provides 20-W power output
at 1 GHz with 5-dB gain and
559% efficiency. A companion tran-
sistor, the PT6820, is rated at 10-
W output, 6-dB gain and 60% ef-
ficiency. The devices are mounted
in low-inductance stripline pack-
ages for optimum gain and band-
width, Their common-emitter con-
figuration provides circuit stability
and trimming simplicity. They op-
erate from a 28-V source.

CIRCLE NO. 281

Transistor amplifier
corrvhf/ uhf bands

tar?.

Electro-Data, Inc., 3121 Benton St.,
Garland, Tex. Phone: (214) 276-
6167. Price: $300.

A transistor amplifier features a
10-dB gain response from 20 to
1000 MHz and greater than 18-dB
gain from 50 to 850 MHz. Model
A-10 holds its noise figure to 4 dB
typical, 5 dB maximum, in its oper-
ating band. It is supplied in a com-
pact, rugged lightweight package,
complete with miniature 50-Q input
and output connectors and a shield-
ed dec bias input.

CIRCLE NO. 282

X-band filters
attenuate 3 dB

U. S. Capacitor Corp., Filter Dept.,
2151 N. Lincoln St., Burbank,
Calif.” Phones (213) 1 843-4222.
P&A: $11.43 to $13.835; stock to 2
wks.

Series 2100 low-pass filters use
a feedthrough construction to
achieve an attenuation of only
+ 3 dB at 10 GHz over the temper-
ature range of —55 to +125°C.
They are 100-V L-section. filters
that fit into a miniature package
previously associated only with
50-V filters. The non-polar her-
metically sealed units accommo-
date transient surges up to 200 V.

CIRCLE NO. 283

Stripline mixers
operate at 18 GHz

G-L Microwave Corp., Sub. of G-L
Industries, Inc., 825 Black Oak
Ridge Road, Wayne, N. J. Phone:
(201) 985-1717. P&A: 8150 to
$250; 2 to 3 wks.

Covering the frequency range of
200 MHz to 18 GHz, a new line of
stripline balanced mixers provide
noise figures as low as 6.5 dB
maximum and VSWRs of 1.3 maxi-
mum. The smallest of these hybrid
IC devices is supplied in a package
measuring 1/2-in. wide by 3/4-in.
long by 1/2-in. deep.

CIRCLE NO. 284
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color..

but...

the specs are better than “those other makes” that cost more!
The Model 3305 TRIMPOT® potentiometer has been designed
from the ground up as a commercial.

Here are the facts on the 3305 . . . besides the price, that is!

The unit is sealed to prevent contamination from fluxing,
soldering, and cleaning . . . in addition our pins can be
used on boards using 0.1” grid spacing. This small %¢” dia.
unit has a resistance range of 50Q to 25K, with standard
resistance tolerance +5%. Being a wirewound unit, it pro-
vides plus features such as low temperature coefficient . . .
better resistance tolerance . . . and superior noise character-
istics. Operating range is —55°C to +125°C . . . temperature
coefficient is only =70 PPM/°C . . . power rating Y2 watt
and noise is negligible at 100 ENR.

*500 piece price

TRIMPOT® and Precision Potentiometers -

Miniature Relays -

"1.2%

you have
no choice o

black ¥, also black

MODEL
3305P

Check into our one color— basic black — Model 3305 for
the best . .. at a low-low price. For complete technical data
contact your nearest Bourns office, representative or write
the factory direct.

Exploded-view drawing and

FREE new informative specification
comparison chart

BOURNS, INC.,, TRIMPOT DIVISION + 1200 COLUMBIA AVE., RIVERSIDE, CALIF.
TELEPHONE (714) 684-1700 « TWX: 910 332-1252 - CABLE: BOURNSINC.

Electronic Modules - Microcomponents.



We just
took a
great step
2hiswilasd

unitized DVMs)

Trymetrics’ new 4243 Digital Multimeter
with AC, DC and OHM readings—auto
polarity — full four digit—.01% ($850)
...a tremendous step backwards. And so
are the 4240 DVM ($695) and 4230 DVM
($595).

We started with our Model 4100: stored
display—precision .01%, four-digit DVM
and its full range of plug-ins for the price
of an ordinary 3-digit job—just $740 with
the ==9.999v DC head; and eight other
plug-ins to choose from. For an encore,
the only way to go was down.

Down $195 to $850 for the versatile
4243 Digital Multimeter: DC-AC-OHMS
.01% — auto polarity =999.9mv to
+999.9v. Same 4-digit stored display—no
plug-ins. Sorry—unless you don’t need
plug-ins.

Down again, $155, to $695, for the 4240
DVM. Same high accuracy, same stored
display, same *999.9mv DC to +999.9v
DC 4-digit measurements. But, no AC or
OHMS—unless, of course you don’t need
AC or OHMS.

Once more, down, to 3595 for the
Trymetrics 4230 DVM. Still the same pre-
cise 4-digit unit with readings +9.999v
DC to *=999.9v DC. Don’t buy this one if
you need to measure in the low millivolts.

You don't need true 4-digit readout
with .01% accuracy at a 3-digit, .05%
price? Sorry—but we can’t keep back-
tracking forever. May we send you our
new catalog that shows ALL our models,
all our plug-in versatility, all our reasons
for going backwards ?

PRICES SLIGHTLY HIGHER IN EUROPE.

_TRYMETRICS

. Corporation

A SUBSIDIARY OF TRYGON ELECTRONICS, INC

204 Babylon Tpke., Roosevelt, L.l., N.Y.
Phone 516—-378-2800 11575
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MICROWAVES & LASERS

Miniature hybrids
use looped lines

Merrimac Research and Develop-
ment, Inc., 41 Fairfield, W. Cald-
well, N. J. Phone: (201) 228-3890.
P&A: $65 to $85; 30 days.

Over the frequency range of 200
MHz to 2 GHz, miniature quadra-
ture hybrids use loop-line networks
to achieve small size, less than 2 in.
in over-all length. Series QHM-3-K
consists of coaxial devices with oc-
tave bandwidths and relative output
phases of 90° +£2°. Other specifica-
tions include 28-dB isolation, 3-dB
coupling, 0.3-dB insertion loss, and
a VSWR of 1.2.

CIRCLE NO. 285

Transfer switches
isolate at 18 GHz

Electronic Specialty Co., 4561 Colo-
rado Blvd., Los Angeles. Phone:
(213) 246-6767.

Combining excellent rf perform-
ance with broad bandwidth in a
miniature package, series 09-51
transfer switches exhibit a VSWR
of only 1.25 at 12.4 GHz and pro-
vide high interchannel isolation
from 0 to 18 GHz. Remote actuation
is of the latching type, requiring
no holding current. Actuating cur-
rent is 53 mA at 26.5 V for latch-
ing and 177 mA for failsafe opera-
tion.

CIRCLE NO. 286

Laser components
require only 60 V

Data Optics Corp., div. of Data
Technology Corp., 1050 E. Meadow
Circle, Palo Alto, Calif. Phone:
(415) 321-0551. P&A: From $200;
30 days.

A new line of components for
semiconductor laser systems oper-
ate with a maximum of 60 V dc
applied. Both laser transmitters
and photosensitive receivers are
available. All components feature
short transmitted pulse widths of
20 ns.

CIRCLE NO. 287

Rf transistors
ha@je 22 W

Amperex FElectronic Corp., Semi-
conductor & Microelectronics Div.,
Slatersville, R. I.

Using a radically new emitter
geometry, rf power transistors are
able to deliver a maximum gain of
21 dB at powers as large as 22 W
with efficiencies as high as 70%.
Eight new emitter-grid transistors,
types A270 through A277, are
available for supply voltages of
12.5 or 28 V. Intended for use in
transmitters operated at 175 MHz,
the units are packaged in TO-39
cases and low-profile stripline
housings.

CIRCLE NO. 288
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INSTRUMENTATION

Pocket pulser
reps to 1 MHz

" »

e POCKET

R H DEMPSEY MFG OO / P O BOX 23

R. H. Dempsey Mfg., P.O. Bozx
2339, Napa, Calif. Phone: (707)
255-6767. P&A: $39.50; stock to 30
days.

A pocket-sized pulse generator,
model PP-55, delivers fast-rise fast-
fall pulses at rates from 1 Hz to
1 MHz and with widths from 50 ns
to 2 us. Since it produces isolated
+5-V signals, it can drive TTL
breadboarded ICs or trigger pulse-
activated equipment (counters,
scalers and oscilloscopes). An in-
ternal pair of terminals allows a
capacitor to be added for stretch-
ing pulse width and reducing fre-
quency.

CIRCLE NO. 289

Digital frequency meter
covers 220-MHz band

Beckman Instruments, Inc., 2500
Harbor Blvd., Fullerton, Calif.
Phone: (714) 871-4848. P&A:
$1900, 2 wks.

Intended for communications and
other frequency-monitoring appli-
cations, a digital frequency meter
makes direct and accurate measure-
ments from de to 220 MHz. Model
6397 incorporates IC circuitry to
achieve low power consumption and
convenient size. Its gate time varies
from 1 ms to 1 s, and input im-
pedance is 50 Q. Decimal point lo-
cation is automatic.

CIRCLE NO. 290
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Dimpson 2700 DIGITAL SYSTEM

DC VOLTAGE RANGE
1] 100

/
1000

this is Simpson’s
2700 digital system...
B 47/, digits
® 0.05% accuracy
m5 plug-i»n function modules

o

DC VOLTAGE DC CURRENT RESISTANCE AC VOLTAGE AUTOMATIC
B Automatic Polarity Selection Dé“b'éﬁ'{i‘ée
B Built-in Self Calibration
B 100 Microvolt Resolution
B Optional BCD output

B IC Modular Design for reliability
Standard single and dual rack mount kits available.

2700 DIGITAL SYSTEM 361 500
complete with DC voltage range

module, test leads, and operator’s manual

AVAILABLE ““OFF-THE-SHELF'* AT ELECTRONIC DISTRIBUTORS STOCKING
SIMPSON INSTRUMENTATION PRODUCTS.

ELECTRIC COMPANY :
DIVIS.ION
5200 W. Kinzie Street, Chicago, Illinois 60644 e Phone (312) 379-1121
Export Dept: 400 W. Madison Street, Chicago, lllinois 60606. Cable Simelco

IN CANADA: Bach-Simpson Ltd., London, Ontario « IN INDIA: Ruttonsha-Simpson
Private Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay
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INSTRUMENTATION

Go, no-go checker
tests semiconductors

Texscan, Technical Products Div.,
7707 Records St., Indianapolis,
Ind. Phone: (317) 545-2101. P&A :
$14.95; stock.

Model DT-100 diode and transis-
tor checker is a low-current device
that can quickly determine whether
or not a transistor or diode is
good. Diodes are checked by
touching the leads to the binding
posts on the checker in either di-
rection.

CIRCLE NO. 291

Wideband oscilloscope
senses up to 10 mV/cm

Philips Electronic Instruments, 750
South Fulton Awve., Mt. Vernon,
N.Y. Phone: (914) 664-4500. Price:
$670.

Model PM 3221 5-in. wideband
oscilloscope offers two frequency/
sensitivity ranges: de to 100 MHz
at 10 mV/em, and de to 2 MHz at
1 mV/em. A time/cm selector pro-
vides for triggering on frame and
line signals of all present TV sys-
tems, as well as for horizontal de-
flection with an external signal.

CIRCLE NO. 292

104

Inspection station
saves DIPtest tlme

G. D. Patrick Enterprises,

P.O.
Box 23054, San . Diego, Calif.
Phone: (714) 279-8856. Price:

$69.95.

Designed for quantity testing of
dual-in-line ICs, an inspection sta-
tion can cut by half the time need-
ed for incoming or pre-assembly
testing. Able to handle DIPs as re-
ceived in their shipping magazines,
the Inspection Master 5000 works
with the user’s existing test equip-
ment or manufacturing methods. It
consists of three pieces: a board
that holds up to 12 DIP maga-
zines, a hand tool for holding
single DIP devices and a test block.

CIRCLE NO. 293

Digital stopwatches
use IC dividers

Electrodyne Corp., 7315 Greenbush
Awve., N. Hollywood, Calif. Phone:
(213) 875-1900. Price: from $450.

Series DC-900 electronic stop-
watches use IC frequency dividers
and cold-cathode discharge tubes to
achieve high accuracy and a bright
digital readout in any application.
Model DC-900F counts up seconds
and minutes to 99:59; model DC-
900F/10 can log time in tenths.
Another model, the EC-900R /P, al-
lows the initial time to be preset,
while a fourth, the DC-900R/10P,
permits preset timing in tenths.

CIRCLE NO. 294

Pulse generators
work on ac or dc

e
Contronics Inc 0
nEe RATE oeLay 10TH

.
s m:rh oS

.....
LOCHP;LSE .

Contronics, Inc., 1061 Terra Bella
Ave., Mountain View, Calif. Phone:
(415) 969-0793. Price: from $310.

Combination ac/de pulse gener-
ators that supply simultaneous
complementary outputs can directly
drive most popular RTL, DTL, and
TTL families. Series CPG 200 pro-
vides pulses with risetimes and fall-
times of 6 ns and with duty cycles
of 100%. Repetition rates range
from 1 Hz to 10 MHz, while pulse
widths vary from 50 ns to 20 ms.

CIRCLE NO. 295

Decade amplifier
supplements VOM

SYNTELEX

x10g gxiO

x.0lg oxi0
off @ .o xloo

DECADE

AMPLIFIER

INPUT QuTPUT

Syntelex, 89 Lucille Ave., Dumont,
N.J. Price: $34.95.

Used in conjunction with a mul-
timeter, a single low-cost instru-
ment enables the user to measure
millivolt signal levels. When used
with an oscilloscope, it makes ob-
servation of microvolt signals pos-
sible. The versatility of this solid-
state decade amplifier is limited
only by the imagination of the
user. Voltage gains of X100, 10,
1, 0.1, and 0.01 are selected by a
front-panel switch. Frequency re-
sponse is 10 Hz to 1 MHz.

CIRCLE NO. 296
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Problem: Digital Data is to be transmitted
at arate of 20MHz over three 50 () balanced
transmissionlines. Electro-magnetic coupling
must be unmeasurable. Pick the best inter-
face buffers for the job.

COOCC

0000006

m&‘ﬂﬁ A

THE NEW RA-245 LINE TRANSMITTER

The best IC to use at the sending end is Radiation’s dielectrically isolated
RA-245. This line transmitter converts digital voltage pulses to current
pulses. The high speed CML circuits assure data transfer rates in excess
of 30MHz. Power dissipation is a constant, independent of data rate.
The balanced system virtually eliminates the adverse effects of line ca-
pacity. Electro-magnetic coupling and susceptibility is greatly reduced.
RA-245 is available in both the TO-84 flatpack and the ceramic dual inline
package. Three voltage-to-current converters are in each package. Power
dissipation is negligible when converters are not being used. So use only
one or all three. RA-245 is the Best IC for the job.

THE NEW RA-246 LINE RECEIVER

For best results, use Radiation’s dielectrically isolated RA-246 at the
receiving end. This 3-element buffer faithfully restores the current pulses
to digital voltage pulses. The RA-246 current-to-voltage converter has
built-in input terminations for balanced 50} lines. Outputs from each
element are suitable to drive all standard saturated logic circuits (such
as:DIL; TTL, etc.):

Like the RA-245, the RA-246 is available in both the TO-84 flatpack and
the ceramic dual inline package. And you can use any or all of the con-
verters. The Best IC for the job.

Contact your nearest Radiation sales office for further information. Ask
how the RA-245 can be used as a level shifter. And how to use the RA-
246 as a threshold detector. We will help you pick the Best IC for the job.

WE MAKE THE R&S\ \Q FOR THE JOB ‘ .
o O RADIATION

[-INGE QR PO AT E D,

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
MICROELECTRONICS DIVISION

RADIATION SALES OFFICES: P.0. Box 476, Lexington, Mass. 02173, (617) 682-1055 « 600 0ld Country Road, Garden City, N.Y. 11530, (516) 747-3730 2600 Virginia Avenue N.W., Washington, D.C. 20037, (202) 337-4914 « 6151
W. Century Boulevard, Los Angeles, California 30045, (213) 670-5432 « P.0. Box 37, Melbourne, Florida 32901, (305) 727-5430 e International Sales: Marketing Department, P.0. Box 37, Melbourne, Florida 32901, (305) 727-5412
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50 YEARS OF
INSTRUMENT
KNOW-HOW...

]
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GORDON

PACKED
INA
2,
CASE!

ALL-NEW
SERIES 8000

GORDON
METERS

Since 1914 we've furnished top quality in-
struments to science . . . to industry.
Now—our latest entry! Series 8000 GORDON
PANEL METERS in popular 2%2”, 3%" and
415" sizes.

50 years of know-how you can heft in your
hand — or hook up to your panel displays, in-
struments or machinery.

Strikingly modern designs in sparkling clear
high-visibility G.E. Lexan®.

Classic D’Arsonval movements with one-piece
bridge construction, high-coercive Alnico core
magnets, and spring-backed sapphire bearings
standard on all models.

PLUS customizing, if you wish.

Hook up with a GORDON METER first chance
you get. Order from your Gordon Sales Engi-
neer TODAY!

FREE

GORDON
PANEL METERS
BULLETIN 1-800

Write Today

5014

ﬂ A SUBSIDIARY OF
PNEUMO DYNAMICS CORPORATION
5710 KENOSHA ST. RICHMOND, ILL. 60071
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PACKAGING & MATERIALS

Plastic solder
goes to 500°F

Emerson & Cuming Inc., Dielectric

Materials Div.,, Canton, Mass.
Phone: (617) 828-3300. P&A:
$10/0.2 1b.; stock.

Eccobond 59C is a one-component
flexible plastic solder that with-
stands temperatures as high as
500°F. Without the need for a
soldering gun, it can bond to alu-
minum wire or plate, and can be
re-opened and resealed. Its volume
resistivity is 0.001 Q-cm and its
thermal conductivity is 80 Btu/h/
ft2/°F/in. The silver solder forms
bonds with a strength of 300
lb/in.2

CIRCLE NO. 297

Round-wire flat cables
have integral ground

2501 Hudson, St.

3M Co., Paul,
Minn. Phone: (612) 733-1110.
P&A: 0.0219 or 0.0383¢/ft; stock.

Two new round-conductor flat
cables feature a controlled-imped-
ance copper ground plane that is as
wide as the cable and laminated
along the entire length. Scotchflex
3380 is a 50-conductor cable with
AWG #30 wires spaced on 0.05-
in. centers; Scotchflex 3386 has 28
AWG #30 conductors on 0.05-in.
centers. Both cables feature PVC
insulation rated to 80°C.

CIRCLE NO. 298

Shielded thermocouples
reject static noise

Saddle
(201) 843-5800.

Thermo Electric, Brook,

N. J. Phone:

Offering increased electrostatic
noise rejection, thermocouple ex-
tension cables, which consist of in-
dividually shielded conductor pairs,
are ideal for use in computers or
other sophisticated instrumentation
systems. Shielding begins with a
layer of 2-mil aluminum-backed
Mylar tape and a layer of 1-mil
clear tape spirally wrapped on each

insulated conductor pair. For ad-
ditional protection, an over-all
shield is applied to the cabled

shielded pairs.
CIRCLE NO. 299

Epoxy potting compound
cures without heating

Epoxy Technology, Inc., 65 Grove
St., Watertown, Mass. Phone:
(617) 926-1949. Price: $10/2 1b.

Suitable for potting, coating, and
encapsulating, an epoxy compound,
which cures at room temperature,
has a low viscosity of 950 centi-
poise and a low exotherm to avoid
the problems often associated with
reaction heat. The two-part Epo-
Tek 509 cures to a high-gloss
smooth surface that is devoid of all
blemishes, even when cured under
highly humid conditions. Its dielec-
tric strength is 450 V/mil, dielec-
tric constant is 3.79 at 1 MHz, and
loss factor is 0.0362.

CIRCLE NO. 321

ELEcTRONIC DESIGN 3, February 1, 1969



Spray adhesive
does not burn
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3 M Co., Adhesives, Coatings and
Sealers Div., 2501 Hudson, St. Paul,
Minn. Phone: (612) 733-1110.

Providing either a permanent or
temporary bond, a clear non-flam-
mable spray adhesive joins paper,
cloth, plastic films, foam rubber,
foil, corrugated materials, fibrous
glass, and cork to themselves or to
metal, wood and glass. Designated
Scotch-Grip 77-N, the aerosol ad-
hesive has an adjustable spray tip
for a wide or narrow spray pat-
tern. It is a fast-drying rubber-
base product that is nearly in-
visible on most surfaces.

CIRCLE NO. 322

Scaled ink drawing
produces custom boards

American Engraving, Inc., 108 S.
Pennsylvania St., Magnum, Okla.
Phone: (405) 782-3337.

Printed-circuit boards can now
be made on an individual Dbasis
from an ink drawing. This new
technique eliminates the need for
elaborate drawings and for making
the time-consuming breadboards
that are necessary for some experi-
mental work. The drawing can be
made to scale or larger. For ex-
tremely small boards, the sketch
should be drawn so that, when
photographically reproduced, it will
reduce proportionately. Board sizes
can be from 1 to 300 in.2.

CIRCLE NO. 323
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a double gun
15 MHz Scope for $774"

Feriem

Heath/Solartron CD-1400 Series

Main Frame $450*

The Heath/Solartron CD-1400 is more than
a portable, general-purpose, true dual-beam
oscilloscope: it is a fully modular system
of vertical amplifiers and time bases to
fill your measuring requirements with un-
matched flexibility. The 5” CRT, coated
with P31 phosphor, operates at 4 kV to
give you high resolution and bright dis-
plays. Viewing area of the graticule is 8 by
10 cm. Separate gun assemblies, positioned
vertically to minimize geometric distortion,
have separate focus and brilliance controls.
Available in factory assembled and tested
form only.

The CD-1400 shown above with two CX-
1441 Wide-Band Amplifiers and a CX-1443
General Time Base and X Amplifier fea-
tures :

* DC to 15 MHz bandwidth
® 24 ns rise time
9 sensitivity ranges from 100 mV/cm to

50 V/em (10mV/cm, DC to 750 kHz
with switched x10 gain)

18 calibrated sweep ranges from 0.5 us/
cm to 200 ms/cm in a 5, 2, 1 sequence
(a continuous uncalibrated coverage up
to 500 ms/cm gives a 5 s sweep)

—T- =]

For more infor-
mation send for

Plug-Ins $91* up

e +59 accuracy
e xl to x5 expansion

e Int, Ext, +, —, Normal, Auto, HF Sync
Trigger Modes . . . all for just $774

A sensitivity of 100 uV/cm is available up
to 20 kHz, increasing to 1 mV/cm up to
75 kHz by plugging in the CX-1442 High
Gain Differential Amplifier.

High frequency low level signals in the
presence of large in-phase signals can be
displayed with the CX-1449 Wide Band
Differential Amplifier featuring 10 mV/cm
sensitivity on the DC-10 MHz bandwidth.

Variable sweep delay to 100 ms is provided
on the CX-1444 Sweep Delay Time Base.

DC external trigger, DC coupled X input
and Single Shot are available on the CX-
1448 Wide Range Time Base which has 20
ranges from 0.5 us/cm to 1 s/cm extendable
to a 25 s sweep.

The modular design of the CD-1400 system
protects it against obsolescence and gives
greater measurement capability customized
to your needs at an unassuming price: the
maén frame costs only $450, plug-ins start
at $91.

HEATH COMPANY, Dept. 520-2(-)—I
Benton Harbor, Michigan 49022

O Please Send Free New Scientific Instrumentation Catalog

|
|
I
|
| Name
|
|
I

State

the NEW
HEATH
Scientific Company
Instrumentation y
City
Catalog

Prices & specifications subject to change without notice.
| *Mail order prices; F.0.B. factory.
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I

|

I

I

|
|
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|
I
|
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COMPONENTS

Tapped delay lines
offer 14-pin DIP

T
e ‘)

Computer Devices Corp., 63 Austin
Blvd., Commack, N.Y. Phone:
(516) 543-4220. P&A: $6.45; 1 wk.

Constructed to be compatible
with standard dual-in-line micro-
circuit packaging, miniature tapped
delay lines have a pin layout that
is the same as standard 14-pin DIP
micrologic packages. Measuring
0.39 by 0.7 by 0.21 in., series D1511
provides total delays of 100, 80, 60,
40, 20 and 10 ns. Each unit has 10
tap delay points, spaced at one-
tenth of the total delay, with delay
accuracies of *59%.

CIRCLE NO. 324

Tiny readout module
operates at 5 V

Allen Aireraft Radio, Inc., 2050
Touhy Awve., Elk Grove Village, IIl.
Phone: (312) 437-9300.

Designed to meet the environ-
mental requirements of MIL-STD-
202, a seven-segment readout mod-
ule requires only 5 V de at 20 mA
to excite any individual segment.
Measuring only 0.3 in. wide by
0.625 in. high by 0.8 in. deep, the
numeric display provides a viewing
angle of 120° in any plane. Intensi-
ties of 20 ft-L are standard; up to
150 ft-L is optional.

CIRCLE NO. 325
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Trimmer capacitor
has Q of 5000

g

L

Premier Microwave Corp., 33 New

Broad St., Port Chester, N.Y.

Phone: (914) WE9-8900.

Rated at 500 Vdcw, a miniature
trimmer capacitor exhibits a Q of
5000 at 20 MHz, with correspond-
ingly high Q into the microwave
region. Its capacitance ranges
from 0.3 to 6 pF, with screwdriver
adjustment. The unit, which meas-
ures 21/32-in. in length by 5/32-
in. in diameter, offers a tempera-
ture coefficient of less than 100
ppm/°C. Its insulation resistance
is greater than 10¢ MQ.

CIRCLE NO. 326

Wirewound resistors
are 0.0025% accurate

General Resistance, div. of Chro-
netics, 500 Nuber Awve., Mt. Ver-
non, N.Y. Phone: (212) 292-1500.
Price: $4.95 to $8.75.

In addition to their high accu-
racy of +0.0025%, type 12S32AZ
wirewound resistors offer cost sav-
ings of as much as 50% over previ-
ous high-precision units. Resist-
ance values include 1, 10, 100, and
200 ko, and 1 MQ. Temperature
coefficient 'is =3 ppm/°C from
—5b to +125°C, and stability is
+25 ppm per year. The axial-lead
units are 3/8 in. in diameter and
1 in. long. Maximum power rating
is'3/4 W at 125°C.

CIRCLE NO. 327

' Fiber-optic CRT
 writes 10° in./s

Westinghouse Electronic Tube Div.,

P.O. Box 284, Elmira, N.Y. Phone:
(607) 739-7951.

A new electrostatic cathode-ray
tube records oscillographic infor-
mation on direct-print photographic
paper at a writing speed greater
than one million inches per second.
Model WX-30738 overcomes the dif-
ficulties normally associated with
writing on this less-sensitive paper,
by using a high-energy electron
gun and a fiber-optic faceplate for
more efficient light transmission
between the CRT’s phosphor and
the paper.

CIRCLE NO. 328

Small ferrite toroids
have high permeability

Q O

Ferroxcube Corp., Materials Div.,
Saugerties, N.Y. Phone: (914)
246-2811.

Ferrite toroids, series 3E3, fea-
ture a high permeability of 12,500,
and a Curie temperature above
125°C. Four toroidal core sizes are
available with outside diameters of
155, 190, 230 and 375 mils. All
units are coated with a smooth,
pinhole-free, non-conductive mate-
rial. Nominal inductance for 1000
turns ranges from 1800 to 5510

\ mH.

CIRCLE NO. 329
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SIEMENS

Do you have
the question

to this answer?

The only limits to the questions answered by the Siemens
Gas-filled Surge Voltage Protector are your needs, and your imagination.

Tiny, lightweight, a handful can protect a ton of sensitive
electronic equipment, especially supersensitive solid state circuits.
They give you tailor-made protection in hundreds of places
throughout circuitry. With current carrying capacities up to 5,000
amps. With DC striking voltages from 90V to 1000V. With reaction
speeds in the nanosecond range. And with a cost of less than
$1 in quantity.

Lightning strokes, static charges, internal switching,
short circuits—all these transient dangers are guarded against by
these tiny, tireless sentries—Siemens Gas-filled Surge Voltage
Protectors. If you've got a protection question, call Siemens America
Incorporated for immediate protection delivery.

Send us your questions!

SIEMENS AMERICA INCORPORATED
350 Fifth Ave., New York, N.Y.10001 « (212) 564-7674
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COMPONENTS

Cam-switch pots
end coupling errors

Markite Corp., 155 Waverly Pl.,
New York City. Phone: (212) 675-
1384.

Mating a rotary control with a
precision potentiometer on a
single shaft, series CSP-11 inte-
grated cam-switch potentiometers
eliminate all coupling errors nor-
mally associated with this type of
configuration. Their spdt switch is
rated at 5 A, 30 V de, 115 to 230
V ac. It can be adjusted to any de-
sired dwell angle between 3 and
SO

CIRCLE NO. 330

Solid-state timer
delivers 2-A output

Artisan Electronics Corp., 5 East-
mans Road, Parsippany, N.J.
Phone: (201) 887-7100. Price:
$5.75.

Adaptable for either military or
industrial applications, a solid-
state cylindrical timing device pro-
duces a 2-A output. Model 437 as-
sures an accurate, fixed time delay
with range settings from 25 ms to
300 s. Operating as a delay-on-
pull-in unit, the new timing device
may be connected to a load or in-
serted in series with a relay coil.

CIRCLE NO. 331

Crowbar tube
reacts in 40 ns

EG&G Inc., Electronic Products
Div., 160 Brookline Awve., Boston.
Phone: (617) 267-9700.

Model KN-2 miniature crowbar
tube responds with a maximum
total delay of 40 ns without warm-
up. Although the unit is small and
lightweight, it offers reliable pro-
tection with a power capacity of
up to 160 J. Expected applications
for the KN-2 include protection
for traveling-wave tubes, electron-
beam tubes, transmitting tetrodes,
series regulators and modulators.

CIRCLE NO. 332

[0 STATE RELAY

-
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Opening New Relay Applications in Multiplexing,
Isolated Sensing, High Speed Isolated Control,
etc. Offered in A - B - C Contact Configurations
for Direct Replacement of Mechanical Types.

» Switching Time . . ... less than 65« sec

« Contact Open Resistance . . . 10° ohms

« Contacts Capable of switching DC to
4 M HZ

« Non-Polarized Effective Coil

« Effective Coil Accuate/Release Voltage
Hysteresis . . . less than 10 mV . . .

» Non-Polarized Contacts

- No Reference Required Between Effective
Coil and Effective Contacts

- Life Expectancy—tested to 10" operations
with no failure.

SHAFFSTALL-BALL CORPORATION

5149 E. 65th Street, Indianapolis, Indiana 46220
Phone: 317-257-6296

INFORMATION RETRIEVAL NUMBER 61
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Newest—McDONNELL
Dual Action Flow Switch

Actuated by a trickle . . . delivers a torrent . ..

Makes or breaks an electric circuit

when flow in a pipe starts or stops

The McDonnell FS6 Series combine these unique capabili-
ties: 1, actuation by flow rates as low as 0.12 gpm; 2, large
volume flow-through capacity. Other features include:

e Easily adjustable for sensitivity to flow

e Available in 34” or 1” pipe size

e For pressures to 100 psi, temperatures to 225° F.

e Underwriters Listed
McDonnell Flow Switches can be used to start or stop
alarms, signal lights, burners, motors, metering devices.
Models available for pipe sizes Y%” and larger, pressures

to 1000 psi. ; ) :
Write for complete information

McDONNELL & MILLER, Inc.
3500 N. Spaulding Ave., Chicago, Ill. 60618

o Y e
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PRODUCTION

Semiconductor trimmer
cuts all leads at once

Q\ S

.

Techni-Tool, Inc., 1216 Arch. St.,
Philadelphia. Phone: (215) 568-
4457.

Called Tran-Sem, a multi-purpose
tool cuts flush, to any length, all
leads of any currently available
semiconductor device, from a 2-lead
diode to a 10-lead IC. Simultane-
ous cuts are easily and cleanly
made without shock, bending, or
breaking individual leads. In addi-
tion, the tool has a special head
that can firmy grip—without crush-
ing—semiconductors in limited-
access areas; it can also be used
as a heat sink.

CIRCLE NO. 333

Soldering iron holder
stops damage to tips

General Electrie Co., 5504 S. Brain-
ard Awve., LaGrange, Ill. Phone:
(312) 354-8585.

A convenient soldering iron hold-
er, complete with base and tip-wip-
ing sponge, lets heat escape from
a fully powered iron, thus prevent-
ing overheating with its resultant
damage to tip and heater element.
The holder’s coil is designed to dis-
sipate heat, to protect the user
from burns and to prevent tip dam-
age. The holder is also available
without a base.

CIRCLE NO. 334
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CHOICE!
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BA-333
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New M|I-Approved Power

Transformers (¢}

and Inductors &)
Available from Stock

Power Transformers
Specifications — Primary Voltage 115 V RMS 400 Hz TF4SX01YY

VA RATING 2 4 6 9 30
PART NO. 9600 9601 9602 9603 9604
VOE‘?AGE (RMS) | 6to300V |6to300V |6to300V | 6t0300V | 6to 300V
SIZE (INCHES) 1”7 ODx'%; H | 1”7 ODx!%s H | 1” ODx78 H | 1” ODx1%sH | 138” ODx1%2 H
PRICE $19.00 $19.00 $19.00 $19.00 $19.00
HOW TO ORDER
EXAMPLE

USE THE MAGNETIC PART NO:

VA RATING SECONDARY VOLTAGE
PART NO. 6 to 300

SCHEMATIC SHIELD

T- Center Tap N — Non
X — No tap S - Electrostatlc

To order 115 V to
26V center tapped
6 VA unit, no shield
order: 9602-26-T-N

Miniature Toroidal Inductors

o TF5RX20ZZ—Military Designation e P.C. Mounting
e 5MH to 5 H From Stock e Unequalled Temperature Stability
* 4 Case Sizes * Unit Price: $9.00 to $16.00

» Telephone Your Order To:

Magnetico, Inc.

6 Richter Court, East Northport, New York Tel.: (516) 261-4502

INFORMATION RETRIEVAL NUMBER 64
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PRODUCTION

Teflon DIP extractor
works with power on

N\

Techni-Tool, Inc., 1216 Arch Street,
Philadelphia. Phone: (215) 568-
4457,

Because its jaws are Teflon coat-
ed, a new pair of pliers can be
used to install or remove 10- and
14-lead DIP devices with power
applied. The fulcrum jaws of type
4916 permit quick removal of DIPs
during desoldering operations. The
unique design of these pliers also
serves to guard against bent leads
and short circuits.

CIRCLE NO. 335

Beam-lead bonder
conserves motion

Kulicke & Soffa Industries, Inc.,
135 Commerce, F't. Washington, Pa.
Phone: (215) 646-5800.

In a single motion, a new ma-
chine sequentially bonds all leads
of any beam-lead device, no matter
their number. Model 573 bonds
with a thermocompressive wobble-
tool action that is not only simple
in operation but is readily adapt-
able to semi-automatic setups. Its
reflex optical system gives the op-
erator a clear view of the beam-
lead-device pattern, superimposed
directly on the workpiece pattern.

CIRCLE NO. 336
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Manual PC scriber
links sketch to mask

u{:;‘l‘f aEm T
Techne, Inc., 661 Brunswick Pike,
Princeton, N.J. Phone: (609) 452-
9275. Price: $675.

Able to prepare PC-board masks
directly from a designer’s sketch,
a two-axis manually operated co-

ordinatorgraph completely elimi-
nates drawing office time and
expensive photo-reduction work.

This master scriber, model TMS-1,
yields an over-all accuracy of
+0.005 in. It is available with a
variety of tools to make lines of
varying thicknesses.

CIRCLE NO. 337

Desoldering tool
vacuums work

American FElectrical Heater Co.,
American Beauty Div., 6110 Cass
Awve., Detroit. Phone: (313) 875-
2505.

Designed for fast, clean compo-
nent removal, model 495 desolder-
ing tool has a hollow tip that sur-
rounds the connection, melts the
solder and then vacuums the work
clean. The unit, which complements
the company’s model 3112 soldering
iron, is available with 40-, 50- or
60-W capacity. Tips are inter-
changeable and come in a choice of
apertures: 0.03, 0.04, 0.05 or 0.06
in. All parts are replaceable.

CIRCLE NO 338

Power stirrer
revs to 1000 rpm

Starnetics Co., 10639 Riverside Dr.,
North Hollywood, Calif. Phone:
(218) 769-8437. Price: $152.50.

With a continuously variable
speed from 0 to 1000 rpm, a power
stirrer mixes thick-film pastes,
emulsions, adhesives, resins, and
other thixotropic materials used in
electronic fabrication. The high-
torque, low-speed unit always pro-
duces uniform homogeneous mix-
tures—crucial for obtaining high
yields in fabrication of resistors,
conductors and insulators.

CIRCLE NO. 339

Ultrasonic hand tool
spotwelds plastic

Branson Sonic Power Co., Fagle
Rd., Danbury, Conn. Phone: (203)
744-0760.

Dealing out split-second bursts
of ultrasonic energy, a pistol-grip
hand tool spotwelds plastic to plas-
tic, inserts metal into plastic, and
stakes plastic to metal. The new
tool broadens the scope of ultra-
sonic assembly to encompass parts
of unlimited size and those whose
joint areas are hard-to-reach. It
weighs approximately 6 lb and is
18 in. long. Energy output varies
from 1200 to 8800 in.-1h/s.

CIRCLE NO. 340
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NCR

Los Angeles
offers you
the
challenge
of the
Century

NCR, creator of the sophisticated and fast-
selling Century Series computer systems,
offers you immediate opportunity to work in
new-generation technology. Join the men
responsible for the industry’s most advanced
developments in high-speed thin-film memo-
ries, monolithic integrated circuitry, disc
memory innovation, and automated produc-
tion techniques. NCR Electronics Division is
the largest commercial computer manufactur-
ing facility in Southern California and one of
the most advanced in the world. Benefits
include a thoroughly professional environ-
ment, an excellent salary, non-defense stabil-
ity, and fully paid life, hospital and medical
plans for you and your dependents, Look into
NCR now and accelerate your career.

PRODUCT PLANNING

SYSTEMS ANALYSIS ENGINEERS

Analysis and development of advanced sys-
tems specifications; consultation on systems
design, hardware configuration, software
trade-offs; analysis of competitive systems.
Prefer applicants with BS degrees and 3-5
years’ experience and ability to write and test
functional specifications in such areas as very-
high-speed memories, disc files, drum files,
central processors employing large-scale
integration, communications and time-sharing
systems.

SOFTWARE SYSTEMS DESIGN

Develop operating, executive, utility and on-
line systems for third- and fourth-generation
advanced systems. Positions require a business
or science degree and large-scale file com-
puter or software development experience.

DATA PROCESSING

BUSINESS SYSTEMS ANALYSTS

Will investigate areas of data handling such as
engineering specifications, inventory control,
production planning and quality control.
Responsible for designing data processing
methods ranging from manual operations to
major computer applications. Prefer BS degree
and 2-4 years’ systems/programming experi-
ence.

BUSINESS PROGRAMMERS

Will be responsible for systems analysis and/
or the development of programs for business
applications such as budgets, cost accounting,
engineering, administration and purchasing.
Prefer BS degree and prior programming /syst-
ems background.

ENGINEERS

ADVANCED DEVELOPMENT ENGINEERS
Positions available for senior MECHANICAL
and ELECTRONIC engineers with strong expe-
rience in high-speed mechanisms, and
mechanical, hydraulic, and electro-mechanical
mechanisms. Will work in_area of high-speed
precision positioning devices and be respon-
sible for concept, design and fabrication.
BSME/BSEE and five years’ related experience
required.

[ Y 0 e
Plated disc memory with multiple read/write heads
MAGNETIC HEAD DESIGN ENGINEERS

Will design and develop flying magnetic
recording heads and the required prototype
tooling. Requires BS or MS in EE, ME or phys-
ics plus three years’ applicable experience.
Knowledge of ferrite machining technology
and ferrite heads desirable.

TR #. M
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Standardized short rod memory plane

ELECTRONIC DEVELOPMENT ENGINEERS
Specification, design, checkout and docu-
mentation of digital and digital/analog equip-
ment for use with on-line data processing and
data communications systems. Requires BSEE
and five years’ related experience.

CIRCUIT DESIGN ENGINEERS

Will design and develop digital and analog
semiconductor circuits, including discrete,
integrated and hybrid types. Requires a BS/
MSEE and two years’ related experience.

LOGIC DESIGN ENGINEERS

Will participate in logical design of fourth-
generation digital computers. Position
requires BSEE and minimum of two years’
experience in digital logic or circuit design.

INDUSTRIAL ENGINEERS

Will develop manufacturing machining proc-
esses for various projects. Will be responsible
for capital equipment analysis, fabrication
tooling and initial production. Positions re-
quire-BSIE and heavy mechanical/industrial
engineering experience.

CHEMICAL ENGINEERS

Positions are available for college trained
engineers to assume responsibility for film
plating, organic finish analysis, and produc-
tion plating process functions. Successful can-
didates will possess a BS degree in chemical
engineering, a knowledge of organic coat-
ings, the ability to develop and direct a
process laboratory, and 3 to 5 years’ experi-
ence in electro-plating of magnetic thin-film
materials for chemical process analysis.

Automatically produced thin-film magnetic rods

ARRANGE NOW FOR INTERVIEW

AT IEEE CONVENTION IN NEW YORK
Confidential interviews will be held during
the IEEE International Convention at the New
York Hilton Hotel, March 24-27. To schedule
an appointment, please submit detailed
resume, including salary history, to Jerry Hill
at the Electronics Division. If you do not plan
to attend the convention, an interview will be
arranged soon in your area.

The National Cash Register Company
ELECTRONICS DIVISION

2817 W. El Segundo Blvd.
Hawthorne, California 90250

An equal-opportunity employer

ON CAREER INQUIRY FORM, P. 85, CIRCLE INFORMATION RETRIEVAL NUMBER 906
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If speed
drives you
wild,

we’ve got
the control.

Our precision Adjustable-Speed
Drives will give you precise
control over the speed of your
application with constant torque
regardless of load change.

They're infinitely adjustable

from 24 to 3600 rpm (150:1
speed range) with load regula-
tion of better than %3 of 1% of
rated speed. The Remote Control
Head provides precise speed
adjustment and continuous
‘monitoring. Built for long serv-
ice life, the modular plug-in
design requires only a screw-
driver for servicing. Over 250
models from ¥ to 2 hp, with or
without gear reduction or brak-
ing and reversing.

SERVO-TEK PRODUCTS COMPANY

1086 Gofifle Road, Hawthorne, New
Jersey 075086.

SERVO-TEK

PRODUCTS COMPANY

Write for our

500/600 Series catalog
and get back

in control.
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Tap drill card

A pocket-sized plastic chart con-
verts fractions or drill sizes to deci-
mal equivalents and tap sizes. L. S.
Starrett Co.

CIRCLE NO. 341

Bobbin resistor rule

A free slide rule quickly gives
rise time plus inductance/capacit-
ance for a complete range of wire-
wound bobbin resistors from 0.1 to
1 W. Fast, non-ringing rise times
as low as 0.003 us (10% to 90% for
100 kHz pulse) are available. Bob-
bins are available with the accu-
racies and/or matching needed for
switching in digital to analog con-
verters and other high frequency,
low reactance applications. Resist-
ance values are available between
0.1 © and 23 MQ with tolerances
of 1%, 0.5%, 0.25%, 0.1% and
0.059-. Dale Electronics, Inc.

CIRCLE NO. 342
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o RELAYS

CORNELL - DUBILIER ELECTRONICS

G .

Relay selector

Cross-referencing the product
lines of two major relay manu-
facturers, a handy circular slide
chart determines interchangeability
instantly. The user simply points
a black arrow at any relay printed
on the outer circumference of the
rule and its equivalent appears
in a window within the arrow.
Cornell Dubilier Electronics.

CIRCLE NO. 343

Power supply nomogram

Featured in a 48-page power
supply handbook, a nomogram
simplifies the calculation of voltage
drop across supply leads. The three-
scale nomogram gives voltage drop
as a function of wire size and load
current. Also included are eight
pages of application notes, a glos-
sary and 32 pages of power-supply
product listings. Kepco, Inc.

CIRCLE NO. 344

Coax calculator

Characteristics of Foamflex coax-
ial cable can be quickly determined
with this handy slide rule. When
over-all size and desired impedance
are set opposite a pointer, all perti-
nent mechanical and electrical
specifications appear in windows on
the rule. Phelps Dodge Electronic
Products.

CIRCLE NO. 345
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5 days

can do a lot for your next 5 years.

If you're involved in systems and equipment
design, research, production or management
... five days at one of our Seminars may make
your next five years—and many more after that
—much more productive.

More and more key management and high-level
technical personnel from top companies all over
the United States are attending RCA Institutes
Seminars. Just as they are doing, you’ll acquire
information and techniques of immediate value
in your work. You will also gain the kind of
knowledge that can help build your professional
standing in the years just ahead.

We believe we can increase your productivity
by providing you with a firm grasp of many of the
latest engineering techniques. Our experienced
staff maintains constant contact with “what’s
happening” in industry. The texts and audio-
visual materials are prepared exclusively by us
for each seminar.

Zenith uses Dale hybrid
Series-Resonant Trap
in FM circuitry

Zenith wanted a better way to bypass 10.7
MHz in its FM receivers. To replace the
standard 2-component inductor-capacitor
trap, Dale provided this unique hybrid.

You can attend RCA Institutes Seminars around
the country the year-round. Check your subject
and send along the coupon for your brochure.
Now—while you're thinking about it.

Dale’s Series-Resonant
Trap has the electrical
characteristics of an in-
ductor and a capacitor in

‘ | R e e e e e R AT i ]

i o et ol R Ls | RCAInstitutes, Inc. Dept. ELD-29 I
method of controlling E= Gl ol Sartes [ : Institute for Professional Development |
both functions. The result: ‘Ca°p“aé‘i’taicee Ie 132 West 31st Street I
ACO””O‘”‘?d se_lf-resqnanpe Ls = Series Inductance I New York, New York 10001 I
in a miniaturized circuit. | I
; 4 | For FREE descriptive brochure, check the Seminarin |
After four years of production use, Zenith says of the | which you are interested: I
Series-Resonant Trap: “It saves space, saves time, I I
works satisfactorily.” Here are the basic specs: I [ Logic Design O :\A?nagetr_neng I
« Resonant Frequency: 10.7 MHz = .5 MHz (Other I O Engﬁ‘legrYiitgems a ; 9;”:a ol Systems I
frequencies available) I igital

i i . ] Modern Optics Communications |
Impedance at Design Frequgncy. 15Qor less : | et St OIS et |
» Impedance at =50% of Design Frequency: 15002 min. | 9 g |

; - 2 Reliability of Numerical Control
Space and money-saving components like this are a gl ,meg,ateé Systems H systenr,:s i |
growing part of Dale’s Sioux Division. Write for more | |
information or call Dale at 605 —665-9301. | ]
I Name I
DALE ELECTRONICS, INC. Eo |
SIOUX DIVISION oept.e0 | Title ]
Yankton, South Dakota 57078 I Company |
Producers of: Toroids, Series Resonant Traps, Variable Pitch Induc- I I
tors, Miniature High Frequency Inductors, Degaussing Coils, Industrial | Address 1
and Military Coils, Sub-Miniature Coils, Surge and Lightning Arresters, | ‘ : 1
Custom Assemblies, Motor Driven Potentiometers. | City. State Zip. 1
o R A S T T TR ] 0 0 W SO S P S G G M S S —t
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EUTECTIC
PREFORMS

for semiconductor assembly

with quality service to
match quality products

CRM makes perfect preforms of
eutectic alloys of Gold-Tin, Gold-
Silicon, and Gold-Germanium.
CRM preforms can help you to
produce perfect ICs, hybrids,
transistors, and diodes. Quality is
controlled from the ingot on, in-
cluding not only standard tests,
but also checks of foil surface
finish and flow characteristics.
The extensive die inventory at
CRM makes most preforms avail-
able without delay and without a
tooling charge.

CRM will meet your strictest
specifications.

CRM delivers what it promises.
CRM delivers on TIME.

Call or write CRM for a quotation
on your preforms or the CRM cat-
alog with a list of over 300 stock
dies.

CONSOLIDATED
REACTIVE
METALS, INC.

a Division of CONSOLIDATED REFINING CO. Inc.
115 Hoyt Avenue, Mamaroneck, N.Y. 10543

Tel: (914) 698-2300 [ TWX 710-566-1112
INFORMATION RETRIEVAL NUMBER 68
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Electroluminescence
Describing the theory, types and
applications of electroluminescent
light sources, a 20-page technical
brochure explains how an electric
field stimulates light emission from
certain layered materials to pro-

duce electroluminescence. It in-
cludes sections on metal-ceramic
panel lamps, other electrolumi-

nescent products, and their appli-
cations. Sylvania Electric Products
Inc., Special Products Div.

CIRCLE NO. 346

Ultrastable thyratrons
A series of hydrogen thyratrons
cmploying an advanced design that
significantly reduces power and cir-
cuit requirements as well as com-
ponent replacement in high-energy
systems is described in a 16-page
booklet. The 4-color booklet gives a
systematic description of the new
tubes and their advantages. It
makes extensive use of charts and
diagrams to illustrate the princi-
ples and applications. The booklet
discusses the effects of drift and
jitter, the design of a new thyra-
tron and its theoretical advantages,
the empirical verification of these
advantages, and specifications of

the new tubes. Tung-Sol.
CIRCLE NO. 347

Flat cable connectors
Described in a six-page catalog
are removable- and fixed-contact
connectors. for flexible cable print-
ed-circuit applications. Miniature
and microminiature plug and
socket, card-edge printed -circuit
connectors and several terminal
blocks are illustrated and described.
Continental Connector Corp.
CIRCLE NO. 348

S-parameter techniques
Seven articles on high-frequency
(>100 MHz) circuit design with
S-parameters are presented in an
86-page application note. Tech-
niques are described for measuring
the S-parameters of transistors
and networks, and for designing
with the parameters. The articles
are illustrated with charts and
diagrams and include comprehen-
sive bibliographies. Hewlett-Pack-
ard Co.
CIRCLE NO. 349

MOS shift registers

MOS shift registers in bipolar
logic systems are treated in a 20-
page application report. The power
requirements of MOS static shift
registers are given. Basic clocking
requirements and clock drivers are
discussed, along with requirements
for interfacing with TTL and DTL
systems. Basic input and output
data on MOS static shift registers
is also provided. Texas Instruments,
Inc.

CIRCLE NO. 350

Magnetic clutches
A magnetic particle and clutch
catalog also features other useful
items such as mounting aids and
a discussion of working principles.
In addition, it includes a nomogram
for determining optimum input
speed and accelerating torque re-
quired for indexing applications.
Lear Siegler, Inc.
CIRCLE NO. 351

Discharge lamps
A 2B8-page publication covers
high-intensity discharge lamps, de-
tailing the physical, electrical and
performance characteristics of
three principal categories of lamps.
The booklet discusses the history
of light output improvements, bulb
shapes and sizes, designations, op-
erating characteristics, lamp life,
factors affecting lamp performance
and spectral energy distribution
data. General Electric Co.
CIRCLE NO. 352
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MAC is a good deal of computer.

1-usec memory cycle time. 16-bit
parallel word, 2-usec add time.
72 instructions including: byte 4K words standard.
handling, 3-way nondestruct Three data channels: Pro-
compare, test and skip up to 15 grammed data channel, up to
instructions, fast shifts, and 90K Hz. Optional multiplexed
optional multiply/divide. data channel up to 333KHz.
ek, Optional direct-memory-access

---------- : up to 800 KHz.

-

T

......
DL L B

........

Expansion to 8K words in main-
frame. Up to 65K available.

" | True-nested priority interrupts:
4 levels standard. Expansion to
64 levels. Automatic register

save-and-restore, 6-usec re-
sponse.

Third-generation software:
LEAP, a two-pass, macro-han-
dling assembler, linking relocat-
able loader with automatic
depaging, debug and edit pro-
grams, utility routines, 1/0
drivers, and diagnostics. LEAP-
FORT and MACSIM: Program
assembly and simulation on big
computers. USASA Standard
FORTRAN IV with math library.

MAC 16, with 4K memory,
ASR 33, 4 priority interrupts.
Ready to operate..... $11,950.

Mainframe space for options.
Swing-out front panel, relocat-
able to remote position. Control-
panel programmer aids.

Let MAC doiit.

For technical data, write: MAC,
Lockheed Electronics Company,
Data Products Division, 6201
East Randolph Street, Los
Angeles, California 90022.

LOCKHEED ELECTRONICS COMPANY m A Division of Lockheed Aircraft Corporation
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VEGD THERMISTORS
FOR MIL. APPLICATIONS

? ...11e Sirength and
sensilivity
of an anl

Ever see an ant move masses
larger than itself? Or the speed it
responds with at the slightest
sound?

Strength and sensitivity exactly
like our line of thermistor disks
and rods for military or industrial
use. Each is manufactured to
meet, or even exceed, the require-
ments of MIL-T-23648.

Rugged insulated design... high
reliability. ..and precise accuracy
... makes them especially suitable
for applications of temperature measurement
and control, such as transistor circuitry,
within a range of —55°C to +125°C.

Whether your application is military or indus-
trial, there is a VECO thermistor engineered
for your requirements.

a \I]E VICTORY
ENGINEERING
CORPORATION

VICTORY ROAD, SPRINGFIELD,
NEW JERSEY 07081
(201) 379-5900 * TWX 710-983-4430

INFORMATION RETRIEVAL NUMBER 70
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New
Literature

KEECO

BN PRODUCT & PRICE SCREDULE SUPLEMENT TG CATALOG & 676

il

R

/

IC regulated supplies G

A new 16-page catalog supple-
ment has full product information
on six groups of de regulators that
use monolithic IC technology. The
use of linear ICs offers improve-
ment in performance. Details are
given for voltage regulators, cur-
rent regulators, operational power
amplifiers, computer power supplies
and precision voltage standards.
Kepco, Inc.

CIRCLE NO. 353

Electromagnetic forming

Bulletin 100, a new 12-page bro-
chure, covers magnetic pulse metal-
forming and the operation of
electromagnetic forming machines.
[llustrations and descriptions of
the many joining and assembly ap-
plications for which these machines
are suited are included in the bulle-
tin. Gulf General Atomic.

CIRCLE NO. 354

Solid-state displays

A 4-color 12-page bulletin dis-
cusses the three solid-state-display
technologies of magneto-optics
electroluminescence, and light-emit-
ting semiconductor devices. These
technologies, the state of their
development, their prime applica-
tions, and some of the advantages
of using solid-state displays are
presented. General Electric Co.

CIRCLE NO. 355

Rectifiers and zeners

Specifications and performance
charts are shown in a 16-page cata-
log for a complete line of fused-in-
glass silicon diodes, rectifiers,
zeners and high-voltage assemblies.
Covered are rectifiers (up to 9 A)
with recovery times from 15 to 500
ns. Other sections describe high-
surge 3-, 5- and 10-W zener diodes,
MIL-type rectifiers and zeners, and
high-voltage stack bridges and
rectifier modules. Unitrode Corp.

CIRCLE NO. 356

Induction heating

Induction heating applications
are described in a four-page illus-
trated brochure. Hardening, braz-
ing, and soldering applications

using various types of induction
heating generators and fixtures are
discussed. Special applications and
special tooling are also included.
Cycle-Dyne Inc.

CIRCLE NO. 357

A 35-page condensed catalog
gives complete details on a variety
of resistors, potentiometers, trans-
formers, capacitors, solid-state
power controls, rf chokes and re-
lays. The relay section includes di-
mensional drawings and mounting

illustrations. The most popular
component values are indicated in
bold print. Ohmite Mfg. Co.

CIRCLE NO. 358
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Quali
Touc

At the very first touch, a Theta dial tells
the user about the quality of your
equipment.

The precision “feel,” the impeccable
workmanship and reliability of the Theta
dial represents, up front, the sophistica-
tion behind the panel.

Write or call today for a free Theta
Dial Catalog.

DEGREES  MIN

437 dials in this 28-page catalog.

OlaL assemay jeg

e Rugged, mil-type
construction

e Vernier control

e Ready to install

e Immediate deivery

432

‘“‘u“’“”‘ls I
% INSTRUMENT CORP.

22 Spielman Road, Fairfield, New Jersey 07006
Phone: 201-227-1700 ® TWX: 710-734-4331

INFORMATION RETRIEVAL NUMBER 71

PRESENTING THE ONE AND ONLY...

high frequency oscilloscope with both a 100 MHz capa-
bility and sweep switching in one instrument. We call it the
766 H/F. You can call it what you wish. Charley.
Archibald. Brigette. But whatever you name it remember
it’s one of our 700 series of scopes, famous for their
quality, accuracy and versatility. And it’s available now
through our reps.

DUMONT 766 H/F offers the
reliability of silicon solid
state circuitry, no-fan low
power consumption, greater
display area, fully inter-
changeable X and Y plug-ins,
internal graticule and of
course, 100 MHz capability
and sweep switching. It is
also available in a hori-
zontal version for rack
mounting, the 767 H/F.

LTI
DUMONT 5

OSCILLOSCOPE LABORATORIES, INC.

Anybody think
to tell them it uses
our 79-02A and

Yep. All about our complete i
DUMONT Oscilloscope Laboratories, Inc. eo B

line of rack or bench low fre-

74-17A plug ins? quency, high sensitivity, low cost 40 Fairfield Place, West Caldwell, N. J. 07006 |
piug 3 scopes, and full line of scope [0 Have a sales representative call, quietly. I
accessories. [0 Send your new catalog, you pay postage. |

Let's send NAME 1
'em our new We should [ |
catalog. That'll have named it JTITE B
tell them Melvin. i ]
everything. |
ADDRESS =

CITY STATE zip 13 I

INFORMATION RETRIEVAL NUMBER 72
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BUS BARS

...FOR PC CARDS

MADE WITH
AMRON

ELDRE COMPONENTS, INC.

A laminated bus bar with distributed capacitance on a printed
circuit card for power and ground distribution, eliminating the

need for a multilayer card.

INFORMATION RETRIEVAL NUMBER 73

COMPONENTS. INC.
1239 University Ave.

Rochester, N. Y. 14607

New and Better
Communications with ...

Teemare 300

ACOUSTICAL COUPLER

TELEMATE 300 was designed and developed to specifica-
tions of DACC, a time-sharing computer company that
knows the needs of users.

That's why Telemate 300 is more
compact, more reliable and elegantly
styled.

Top Quality « Competitively Priced

® Acoustic isolation
min. 20 db

® Teletype or EIA
Interface

@ Optional: Carrying case,
originate/answer, cable
interface. loud speaker
and RS 232B

WRITE FOR BROCHURE

@ Easily portable

e Data Rate: 300 Baud

e Carrier and on/off lights

® Highly selective tuned
oscillator circuit

e Half/full Duplex

e Triple tuned circuitry

® AGC circuit

FULL WARRANTY e

Use TELEMATE 300 with your
telephone and/or your teletype
system.Comes in walnut and at-
tractive office decorator colors.

DIRECT ACCESS COMPUTING CORP.

Communications Equipment Group

24175 Northwestern Highway 3]3/358-5000

Southfield. Michigan 48075

INFORMATION RETRIEVAL NUMBER 74
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NEW LITERATURE

I Deutsch Junctions

Junctions and connectors

Three separate, concise catalogs
that visually itemize terminal junc-
tions, miniature and subminiature
connectors and hermetic connectors
are now available as quick-refer-
ence aids. Each catalog illustrates
the various product types, describes
their advantages and then, in chart
form, provides basic data regard-
ing application, sizes, and operat-
ing characteristics. In addition to
general specifications and back-
ground information, each catalog
also provides illustrated step-by-
step descriptions of crimping and
assembly procedures. The Deutsch
Company. )

CIRCLE NO. 359

Lights and switches

Illuminated pushbutton switches
and matching indicator lights, fea-
turing a more versatile range of
mounting hardware and improved
styling, are described in a new
catalog. The 14-page, 2-color cata-
log gives complete specifications,
drawings, circuit details, and or-
dering information. Also included
is a lamp selection guide. Marco-
Oak, Div. of Oak Electro/Netics
Corp.

CIRCLE NO. 360

Crossbar basics

Crossbar fundamentals are given
in a 16-page illustrated bulletin.
Capabilities, operational character-
istics, and components of @ this
general-purpose, high-performance,
signal-switching device are cover-
ed. The bulletin provides informa-
tion on details of actuating as-
semblies and contact matrix, with
data on circuits and bussed-select
and independent-select matrix and
level selection. Also covered are de-
sign considerations, electrical char-
acteristics, and complete specifying
data. Cunningham Corp., Sub. of
Gleason Works.

CIRCLE NO. 361
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Oscilloscopes

Presenting a complete profile of
scope data, a 30-page short-form
catalog contains information on
low-frequency and high-frequency
oscilloscopes. Included are general-
purpose, dual-trace, high-gain, and
large-screen scopes, as well as am-
plifier and time-base plug-ins. Also
described is a line of signal gener-
ators and oscilloscope cameras and
accessories. Dumont Oscilloscope
Laboratories, Inc.

CIRCLE NO. 362

Connector catalog

An expanded series of rectangu-
lar pin and socket connectors for
rack-and-panel cable applications is
fully described in a 42-page cata-
log. Completely updated specifica-
tions, plus application and dimen-
sional data for nearly 900 items
are included. Semi-automatic ma-
chinery for large-volume produc-
tion wiring and hand tools for
maintenance and production use
are also described. AMP, Inc.

CIRCLE NO. 363

DIP packaging

A new concept in high-density
packaging of dual-in-line inte-
grated circuit modules is described
in a 20-page designer’s catalog.
Constituting a high-density modu-
lar method of mounting IC mod-
ules that uses a new type of re-
ceptacle, the system offers com-
plete design and flexibility in three
dimensions and features maximum
component-packing densities. Scan-
be Manufacturing Corp.

CIRCLE NO. 364

Accelerometer data

Flutter testing, model studies
and similar low-frequency, light
weight acceleration measurements
can be accomplished with excep-
tional ease and accuracy using the
miniature piezoresistive accelerom-
eter described in a new product
data sheet. The instrument wéighs
only one gram, has a dynamic
range from minus 150 g to plus
150 g, and sensitivity at rated exci-
tation of 2.5 mV/g minimum.
Endevco, subsidiary of Becton,
Dickinson and Co.

CIRCLE NO. 365
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When You Rely on

Magnetic

Whether you magnetize
Alnico Il or Cobalt Platinum

or you demagnetize and stabilize
or whether

2 e

.
s 3

you measure flux density —
absolute, differential or incremental

Rely on RFL

RFL supplies the most complete line in production, or in your product
of magnetics devices and systems —keep an RFL Magnetics Instru-
for magnetizing, stabilizing ments Catalog at your side.
and measuring available Send for yours now. Also,
anywhere in the world. And our free 32 page booklet,
RFL has been doing it for “How to Magnetize, Measure
over twenty years. If you and Stabilize Permanent
rely on magnetics in the lab, Magnets."”

-

RFL Industries, Inc.

Instrumentation Division « Boonton, New Jersey 07005
Tel: 201-334-3100/TWX: 710-987-8352/ CABLE: RADAIRCO, N.J.

IN CANADA: INSTRONICS TECHNO PRODUCTS LTD., 171 Neil St., Stittsville, Ontario.
Tel. (Area Code 613) 836-4411

INFORMATION RETRIEVAL NUMBER ‘75
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Glenair’s

TAG Ring,*

in less than one
year, has become
the standard

of the industry
for solving
problems
involving common
terminating and
grounding of
individually
shielded wires.

“Patents Pending

Call, write or wire today
for free brochure on
the easy assembly
and convenient
serviceability

of shielded wire
terminations.

GLENAIR, INC.
1211 Air Way, Glendale, California 91201
Telephone 247-6000 (213] - TWX: 910-497-2066

INFORMATION RETRIEVAL NUMBER 76
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NEW LITERATURE

IC hardware

A new catalog describes a com-
plete line of sockets, carriers, con-
tactors and breadboards for inte-
grated circuits, MSI and LSI
devices, transistors, relays and op-
erational amplifiers. Profusely illus-
trated with photographs and di-
mensional drawings, the catalog
covers the full range of components
offered for various devices. Barnes
Corp.

CIRCLE NO. 366

Production aerosols

Industrial aerosol products are
covered in a 12-page catalog fea-
turing anti-rust compounds, cut-
ting oils, industrial points, mold
releases, varnish removers, die mak-
ers layout inks and a variety of
other specialty products. The cata-
log has been designed to give ade-
quate application data. It is scored,
punched and slotted for easy inser-
tion into permanent binders. Percy
Harms Corp.

CIRCLE NO. 367

Stainless steel data

Properties of stainless steel ma-
chined parts, most frequently used
as economical, corrosion resistant
materials in high temperature ap-
plications, are described in-a new
technical bulletin. Data are provid-
ed on the physical, electrical,
mechanical, machining and welding
properties as well as heat treat-
ment, heat resistance, drawing and
stamping performance. A table
gives the corrosion resistance to
various gases, acids, alkalis, salts,
metals and glass. Design considera-
tion for high temperature appli-
cations, as well as finished toler-
ances and size availability are also
listed. Kawecki Berylco Industries
Inc.

CIRCLE NO. 368

TIME DELAY

ALL
SOLID
STATE

The only solid state cylindrical axial lead timing
device! Designed for military and industrial use,
the Model 437 finds application wherever low
cost, long life and small size are required.

Operating as a DC Delay On Pull In unit, it is
directly connected to a load or inserted in
series with a relay coil ... assures an accurate,
fixed time delay . .. selections range from 25 ms.
to 300 sec....operates on any voltage from
24 V to 120 VDC without selection...with a
full 2 amp output. Now a complete TDR is
created for approximately 12 the price of cur-
rently available comparable units.

APPLICATIONS — relay race problems, automation
circuits, solenoid valve sequencing, motor con-
trollers or protection, delaying high voltage, auto-
matic filling, dispensing or processing, computers,
navigation and guidance systems, instruments and
controls,fuzing and arming, communications equip-
ment, welding, photographic sequences, injection
molding, transmitter and X-Ray warm up.

Write for Bulletin T211

Artisan Electronics

5 Eastmans Road, Parsippany, N. J. 07054
(201) 887-7100

tlectronic Timing Devices/Relays and Solenoids
Control & Terminal Equipment

INFORMATION RETRIEVAL NUMBER 79

P/C Reed Relas

Coto’s
New
Miniature
Series 1000

® Especially designed for P/C board applications

® Pin spacing 1” x .150” centers

® Stock voltages 6, 12, 24, 32 and 48 volts

® Form A contacts, up to 6 poles, ratings 10 watts

© Form C contacts, up to 4 poles, ratings 3 watts

® Form A mercury-wetted, up to 6 poles, ratings 28 watts
® Electrostatic and/or magnetic shields

Special voltages and resistances available, with
multiple windings for flip-flop, memory and
crosspoint selection applications.

COTO-COIL. COMPANY, INC.

54 Pavilion Avenue, Providence, R. |. 02905
Tel: (401) 941-3355

INFORMATION RETRIEVAL NUMBER 80
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PHOTOFAB® =S

==

MAGNETICS, INC
Box I
Butler, Pa. 16001

Small metal parts

Specifiers and users of small, thin
metal parts will be interested in a
new, six-page folder which de-
seribes small metal parts produced
by a process similar to that used
in manufacturing printed circuit
boards. The photoetching process
eliminates expensive tooling since
only photographic artwork of the
desired part is required and costs
less than $300 to set up. An etched
sample is included with the bro-
chure. Magnetics Inc.

CIRCLE NO. 369

Rack-and-panel connectors
New 28-page guide describes a
wide range of low cost rack-and-
panel connectors. These rectangu-
lar, miniature, modular, and appli-
ance connectors range in size from
2 to 140 contacts, with current rat-
ings of 5 to 20 amperes. An illus-
trated connector index, shows the
basic characteristics of each con-
nector, and expedites their immedi-
ate identification. Elco Corp.
CIRCLE NO. 370

Filters and delay lines

Delay lines, L-C filters and pas-
sive laboratory instruments are de-
tailed in an eight-page technical
bulletin. A wide variety of stock
and custom devices are available.
Allen Avionies, Inc.

CIRCLE NO. 371

IC catalog

A 1969 IC short-form catalog is
now available. The 24-page catalog
contains reference data for op
amps, voltage regulators, commu-
nication circuits, MOS memories,
analog switches, logic elements, and
TTL circuits. National Semicon-
ductor Corp.

CIRCLE NO. 372
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Boxer fans speak softly,
but carry away loads of hot air.

(They're durable, efficient, versatile and immediately
available.)

Durable.

Ball bearing models withstand high
temperature for long periods of time, due to a
patented extra-large lube reservoir. Sleeve
type Grand Prix (pat. pending) bearings run
cool and reliably, offering exceptional life at
low cost. Rugged metal frame won't crack
under stress like plastic.

Efficient.
Five-bladed aerodynamic impeller delivers
maximum flow against high back pressures.

Versatile.

Standard modular size fits almost anywhere,
flips to reverse airflow, has seven useful
accessories.

Available.
In stock at your nearest distributor.

@m IMC Magnetics Corp., New Hampshire Division
Route 16B, Rochester, N.H.03867.
Tel: (603) 332-5300
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Electronic Design

ELECTRONIC DESIGN’S function is:

m To aid progress in the electronics
manufacturing industry by promoting
good design.

m To give the electronic design engi-
neer concepts and ideas that make his
job easier and more productive.

m To provide a central source of timely
electronics information.

® To promote two-way communication
between manufacturer and engineer.

Want a subscription? ELECTRONIC DE-
SIGN is sent free to qualified engineers
and engineering managers doing de-
sign work, supervising design or set-
ting standards in the United States
and Western Europe. For a free sub-
scription, use the postfree application
form inside the back cover. If none is
included, write to us direct for an ap-
plication form.

If you do not qualify, you may take
out a paid subscription for $25 a year
in the U.S.A., $35 a year elsewhere.
Single copies are $1.50 each.

If you change your address, send us an
old mailing label and your new ad-
dress; there is .generally a prepaid
postecard for this inside the back cover.
You will have to requalify to continue
receiving ELECTRONIC DESIGN free.

The accuracy policy of ELECTRONIC
DESIGN is:

® To make reasonable efforts to ensure
the accuracy of editorial matter.

® To publish prompt corrections when-
ever inaccuracies are brought to our
attention. Corrections appear at the
end of the Letters column.

m To refuse any advertisement deemed
to be misleading or fraudulent.

Microfilm copies are available of
complete volumes of ELECTRONIC DE-
SIGN at $19.00 per volume, beginning
with Volume 9, 1961. Work is now
in process to complete the microfilm
edition of Volumes 1-8. Reprints of
individual articles may be obtained
for $2.00 each, prepaid ($.50 for
each additional copy of the same
article) no matter how long the
article. For further details and to
place orders, contact the Customer
Services Department, University Mi-
crofilms, 300 North Zeeb Road, Ann
Arbor, Michigan 48106; telephone
(313) 761-4700.

Want to contact us? If you have any
comments or wish to submit a manu-
seript or article outline, address your
correspondence to:

Howard Bierman, Editor,
ELECTRONIC DESIGN,
850 Third Avenue,
New York, N.Y. 10022,
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Design Data from

TEMPERATURE INDICATORS /CONTROLLERS

Viliiiics THERMISTOR. A complete line of rugged, low cost, remote sens-

: 'r'mpgmm ing temperature indicators and controllers for a
= INDICATORS variety of applications is offered by The VirTis
s | Company. Use of thermistors in these instru-
ments overcomes the limitations of thermo-
couples, bimetallic or gas expansion thermom-
eters. Calibration in both °C and °F. Length
of cable between probe and instrument is not
critical and recalibration is not necessary due to
change in probe length. Both portable indicators
and %J_anel indicators are available. Catalog Sec-
tion T.

The VirTis Company, Inc.

Gardiner, New York 12525
Telephone: 914-255-5000 1 74

NEW COAXIAL SWITCHES AND MATRICES

This new colorful 12 page catalog is the most
complete and technically helpful of its kind. Cable
system noise reduction is covered in detail along
with how to establish the best system for your ap-
plication. Matrices are available with multiple
inputs and outputs, with numerous paths through
the matrix available simultaneously. Using the
same mode of construction, single pole multi-
throw, or multi-pole multi-throw coax, twinax and
triax relays are available.

Trompeter Electronics, Inc.
8936 C he A
ChatswortI(:Tg:I?fo?ni;egilg 11 1 7 5
R SR SR (R A R S R R
Custom Systems for Real-time Spectra

No need to compromise the solution of either
your present or future analyzer problems: Based
on the “module’ concept pioneered by Federal
Scientific, there’'s a system to fit every need and
basic equipment can be expanded any time by
simply adding modules. The Guide shows 34
standard, modified-standard — and any number
of original — options. For real-time analysis of
OHz to 20kHz phenomena: underwater acoustics/
sonar; radar doppler/other transmitted informa-
tion; noise/vibration; medical/biological; geo-
physical /physical; computer, tape and other
digital-compatible use. Send for free Technical
Bulletin FSC-L-387.

Federal Scientific Corporation
a subsidiary of TST Industries, Inc.,

615 West 131 Street, New York, N. Y. 10027 176
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Manufacturers

Advertisements of booklets, brochures, catalogs and data sheets. To order use Reader-ServiceCard.

(Advertisement)

IR G B e TR AU R B S R
Quality Fasteners For All Designs

This 8-page catalog provides design data on the
complete group of DZUS 1/4-turn self-locking
fasteners for standard, high speed and panel ap-
plications, as well as universal high strength
multiple thread fasteners for high tensile and
shear stresses. Dzus stud assemblies, wire forms
and receptacles offer an exceptional, wide variety
of combinations from stock to fit specific fasten-
ing requirements. Diagrams and tables give full
details for rapid, unlimited design selection. Con-
densed or complete Catalog available on request.

Dzus Fastener Co., Inc.

425 Union Boulevard
West Islip, L. I., N. Y. 11795

L

IS e D s e A T e TR
A FREE Cross Reference Guide

AT

to better Printed Circuit drafting

No engineer or draftsman should be without the
NEW By-Buk Printed Circuit Drafting Aids P-45
Catalog with color-coded MIL-SPEC sizes. Also
contains over 2000 pads, shapes, tapes, tran-
sistor tri-pads, spaced integrated circuit terminal
pad sets and many other drafting aids for faster,
more accurate, distortion-free printed circuit
master drawings. Send for your FREE catalog.

By-Buk Company

4326 West Pico Blvd., Los Angeles, Calif. 90019
Telephone: (213) 937-3511

In Seconds!

Clamp or Tie Wire

178

Six-page catalog contains complete ordering infor-
mation for CAB-L-TITE® clamps and BUND-L-TITE®
straps, devices which provide a fast and reliable
means of securing wires and wire bundles. Units
withstand loadings greater than 50 G's, are remov-
able in seconds for re-routing wires, and are self-
locking—no tying, no knots, no hitches to come
loose. Lightweight Du Pont Zytel meets MIL-P-17091
and MIL-P-20693. Proved in aircraft and missiles.
Photos, dimensional drawings, tables, physical
properties, specifications, price list. Request cata-

179

Dakota Engineering, Inc.
4315 Sepulveda Blvd.
Culver City. California 90230
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" Parelco R10 Relay

2 times more
pull force

Here’s Why: The optimum distribution
between magnetic core and pole piece
cross sections and coil volume, and a low
reluctance armature bearing, produces a
force-displacement product of 140 gm/mm
at .050” actuator displacement. The end
result is higher contact pressure and greater
overtravel. Sensitivities to 20 mw/pole.
Contacts—From 2 to 8 Form C. 6 types:
From heavy duty 10A silver cadmium
oxide to bifurcated cross bar gold—
platinum —silver for dry circuits.
Coils— From 3 to 115 vdc. &
% UL listed.

.
®0000000000000000000000”
0000000000000 00000000

New Parelco
R40 Slimline®

.43" max. thickness

Lowest profile industrial relay available.
Higher switching density: .18 cubic inches/ o
Form C. Easy pc board layout. Lower $
cost, wider switching range (dry circuit .
to 10A) than dry reed packages. 5 mount- ¢
ing options. .
Contacts—2 and 4 Form C. 5 types: From .
heavy duty 10A silver cadmium oxide to ¢

L]

L

bifurcated cross bar gold — platinum —
silver alloy for dry circuits
Coils—From 3 to 115 vdc.

Other Standard Models

R11, a guarded, low capacitance type for
instrumentation use; R30, magnetic latch-
ing relays: R10-T octal base relays.
Specials — Custom coils and contacts. Var-
ious mounting configurations. Special
engineering.

Fastdelivery — 110 standard models §
stocked. Prototypes in 3 days; production .
quantities in 3 weeks! FREE: Parelco’s ¢
know-how and sample relay to your specs. e
Phone, TWX or write now. Complete data :
in EEM, Section 4500.

Pl
PARELCO, INC.

26181 Avenida Aeropuorto
San Juan Capistrano, California 92675
Phone (714) 493-4507
TWX (910) 596-1412 °
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PRETTY SMALL /

FUSE

YOU BETTER
BELIEVE IT!
THE WORLD'S
SMALLEST!

Picofuses by Littelfuse.

Available from 1/8 thru
15 amps, 125V.

Weighs only 1/6 gram.

LITTELFUSE

DUE SRR A N ES LU UERET INFORALNS

This free catalog

will tell you more about
electronic components...
than you'll ever need to know

Design features, performance data, construction details, application ideas,
and much, much more. CAMBION's new Catalog 700 makes it easy to
select the best coil or coil form; the most practical pin or connector;

you choose from the largest variety of solder or insulated terminals,

RF chokes and panel hardware to meet your circuit design requirements.
Catalog 700 has it all. And with 700 by your side, you'll have the widest
selection of guaranteed electronic components in the industry. To get
your copy, call or write Cambridge Thermionic Corporation, 467 Concord
Avenue, Cambridge, Massachusetts 02138. Phone: (617) 491-5400.

In Los Angeles, 8703 La Tijera Boulevard, 90045. Phone: (213) 776-0472.

Standardize on

CamBIiON®

The Guaranteed Electronic Components
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ELECTRONIC DESIGN 3, February 1, 1969

IS
a m 'STATE-OF-THE ART
PERFORMANCE

art :
| IC PACKAGE

YOUR
PROBLEM?

The Melcor Model 1810 Hybrid Inte-
grated Operational Amplifier with a total
volume of .09 cubic inches is the answer!

Melcor Model 1810 features an FET
input, self-contained shaping networks,
and is constructed on a high stability thin
film substrate with LID mounted semi-
conductors. It yields the maximum per-
formance capability of a discrete compo-
nent amplifier combined with the small
size and high reliability of thin film hybrid
technology.

°® Output: =10 volts =5ma ® Input Imped-
ance: 10,000 megohms ® DC Gain: 75,000
e Unity Gain Bandwidth: 8 MHz ¢ Slew
Speed: 25V/usec. » Voltage Drift:
25uV/°C. * Bias Current: 25pa. ® Dimen-
sions: 0.6” x 0.6” x 0.25"

Write for more detailed information on
this unit and the many other Melcor op-
erational amplifiers.

MELCOR ELECTRONICS CORPORATION

AMPLIFIERS FOR INDUSTRY

1750 New Highway,
Farmingdale, New York 11735
516 694-5570

TWX 510-224-6429
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information Retrieval Service

All products, design aids (DA), application notes (AN), new literature (NL), and reprints (R)
in this issue are listed here with Page and Information Retrieval numbers. Reader requests
will be promptly processed by computer and mailed to the manufacturer within three days.

Category Page IRN
Components

accelerometers (NL) P21 365
capacitor, trimmer 108 326
clutches, magnetic (AN) 116 351
coax calculator (DA) 114 345
components (NL) 118 358
connectors (AN) 116 348
connectors (NL) 120 359
connectors (NL) ° 121 363
connectors (NL) 123 ..370
crowbar tube 110 332
CRT, fiber-optic 108 328
delay lines 108 324
diodes, avalanche 94 261
display, numeric 108 325
filters (NL) 123 371
IC hardware (NL) 122 366
ICs and hybrids (NL) 123 372
lamps, discharge (AN) 116 352
light sources (AN) 116 346
lights & switches (NL) 120 360
metal parts (NL) 123 369
potentiometers 110 330
rectifiers (NL) 118 356
registers, MOS (AN) 116 350
relay selector (DA) 114 343
resistor rule (DA) 114 342
resistors, standard 108 327
solid-state displays (NL) 118 355
switches, matrix (NL) 120 361
thyratrons (AN) 116 347
timing device 110 ..331
toroids, ferrite 108 329
transistors, power 92 258
transistors, power 94 260
triacs, plastic 92 256
Data Processing

card reader terminal 98 275
counters, MSI 92 253
data system 98 273
display system 99 277
recorder, portable 98 272
recorder, tape 99 276
registers, MOS (AN) 116 350
signal processor 98 274
ICs & Semiconductors

accumulator, dual 94 263
counters, MSI 92 253
die station 94 262
diodes, avalanche 94 261
diodes, chip 92 254
IC hardware (NL) 122 366
ICs, theshold logic 92 257
ICs and hybrids (NL) 123 372
light sources (AN) 116 346
packaging, DIP (NL) 121 364
photo detector, Si 94 259
rectifiers (NL) 118 356
registers, MOS (AN) 116 350
solid-state displays (NL) 118 355
transistors, chopper 92 255
transistors, power 92 258
transistors, power 94 260
triacs, plastic 92 256
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Category Page IRN Category Page IRN
Instrumentation Production
accelerometers (NL) 121 365 | bonder, beam-lead 112 336
amplifier, decade 104 296 cutter, lead 111 333
clocks, digital 104 294 desolderer 112 338
generator, pulse 103 289 die station 94 262
generator, pulse 104 295 extractor, DIP 112 335
meter, frequency 103 290 forming machines (NL) 118 354
oscilloscope, 10-MHz 104 292 heating (NL) 118 357
oscilloscopes (NL) 121 362 scriber, PC-mask 112 337
power supplies (DA) 114 344 stand, soldering 111 334
power supplies (NL) 118 353 stirrer, power 112 = 339
S-parameters (AN) 116 349 tap drill card (DA) 114 341
test system, DIP 104 293 welder, plastic 112 340
tester, transistor 104 291
Microwaves & Lasers
amplifier, transistor 100 282
attenuator, step 100 278
filter, 100°V_ 100 283 New Literature
ybrids, quadrature 102 5
laser components 102 287 | accelerometers 121 365
mixers, balanced 100 284 aerosols, production 122 367
multiplier, electron 100 280 components, electronic 118 358
resistor, rf 100 279 | connectors 120 359
S-parameters (AN) 116 349 | connectors 121 363
switches, transfer 102 286 | connectors 123 370
transistors, power 100 281 filters g 123 371
transistors. rf 102 288 heating, induction 118 357
g IC hardware 122 366
' s ICs and hybrids 123 372
Modules & Subassemblies lights and switches 120 360
circuit builder 267 metal parts 123 369
components (NL) 118 358 metal-forming machines 118 354
converters, synchro 95 264 oscilloscopes 121 362
filters (NL) 123 371 packaging, DIP 121 364
ICs and hybrids (NL) 123 372 | power supplies 118 353
multipliers, analog 96 268 rectifiers and zeners 118 356
op amp 9% 270 solid-state displays 118 355
oscillator, clock 96 266 stainless steel data 122 368
power supplies 96 271 switches, matrix 120 361
power supplies (DA) 114 344
power supplies (NL) 118 353
rectifiers (NL) 118 356
regulator, voltage 96 269
relay selector (DA) 114 343
switches, analog 95 265
switches, matrix (NL) 120 361 lm'“ea“on “otns
clutches, magnetic 116 351
Packaging & Materials connectors 116 348
adhesive, spray 107 322 electroluminescence 116 346
aerosols, production lamps, discharge 116 352
(NL) 122 367 registers, MOS 1II65EE 350
boards, PC 107 323 S-parameters 116 349
cable, flat 106 298 | thyratrons 116 347
cable, thermocouple 106 299
coax calculator (DA) 114 345 .
connectors (AN) 116 348
connectors (NL) 120 359 ‘
connectors (NL) 121 363
connectors (NL) 123 370 2
IC hardware (NL) 122 366 n.Sign Alds
metal parts (NL) 123 369 coax calculator 114 345
packaging, DIP (NL) 121 364 power supply nomogram 114 344
potting compound 106 321 relay selector 114 343
solder, plastic 106 297 resistor rule 114 342
stainless steel (NL) 122 368 tap drill card 114 341
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Rectilinear components are still a neces-
sary requirement in many circuit appli-
cations. That's why Weston has rounded
out its high-performance potentiometer
line with two new rectilinear models.
RT-12 styles 534 and 535 are designed
for both general-purpose and military
applications. They feature the same
+5% tolerance, 10 ohm to 50K range,
and slip clutch stop protection that are
standard with Daystrom Squaretrim®
units, plus 24-turn adjustability and

humidity proofing. Also new this year
... models 553 half-inch and 543 three-
eighth-inch Squaretrim potentiometers
in military and commercial versions.
Save board space as well as money with
our field proven 501 Series multi-turn
and 504 Series single-turn %" Square-
trims offering values to 20K in a 0.02
cubic inch case. All Squaretrim Diallyl-

_Phthalate cased pots give you Weston's

patented “wire in the groove” construc-
tion and your choice of flexible leads,

INFORMATION RETRIEVAL NUMBER 233

If you thought all
Daystro
were sq

pin and screw configurations. Whether
your trimmer needs are military, indus-
trial or commercial, you'll find the answer
in this complete new low-cost line.
Wirite today for data sheets and evalu-
ation samples. DAYSTROM potentio-
meters are another product of WESTON
COMPONENTS DIV., Archbald,Pennsyl-
vania 18403, Weston Instruments, Inc.,
a Schlumberger company

WESTON"’



New! Multi-Color

Performance from
RCA Single-Gun CRT’s

How many colors do you want in CRT read-out? RCA can give you
two, and the shades between, from a single-gun CRT. What's more
you have a choice of tube size for the display of all types of visual
information — waveforms, alphanumeric, pictorial or any combina-
tion of these three.

Here’s your answer to air-traffic control systems, military IFF
systems, stock market quotation displays, airline and other trans-
portation status boards. Utilize RCA’s new capability in teaching
machines, electronic test instruments, computer read-out equip-
ment—anywhere a multi-color display makes understanding easier.

The RCA multi-color CRT is made with two phosphor layers. The
multi-color performance is obtained through the application of
different anode voltages.

Whatever your choice of colors and display, the read-out is as
sharp and bright as black and white. And the single electron gun
means simple back-up circuitry.

For more information on RCA multi-color CRT's and other RCA
Display Devices, see your RCA Representative. For technical data,
write: RCA Electronic Components, Commercial Engineering,
Section No. B-18Q-1, Harrison, N.J. 07029.




