: s ——— TP SN
EXCLUSIVELY FOR DESIGNERS AND DESIGN MANAGERS
IN ELECTRONICS

Solid-State Displays
Chips for Micropackaging
Digital Clock
Single-Shot Testing

A CAHNERS PUBLICATION OCTOBER 1968



counterpart.

Dale’s new 8100 film T-Pots offer
RJ-11 advantages at industrial prices

Dale’s new 8100 Series makes it easy to ap-
proach RJ-11 performance at highly com-
petitive industrial prices. Buy it sealed or
unsealed —you're the boss. Get essentially
infinite resolution...a broad 10 ohm to 2 Meg-
ohm resistance range...plus ability to dissi-
pate 3 watt at 70°C. The 8100 is part of a wide
range of film element and wirewound T-Pots
now available from Dale for industrial and
commercial use. Common parameters: Low
price, quick delivery. See your Dale distributor
orcall us at 402-564-3131 forcomplete details.
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8100 FILM-T-POT SPECIFICATIONS
Standard Resistance Range: 10 ohms to 2 Megohms

Resistance Tolerance: ==10% 100 ohms through 500K ohms;
*+20% all other values

Resolution: Essentially infinite
Power Rating: .75 watt at 70°C, derating to 0 at 125°C
Operating Temperature Range: —65°C to +125°C

Mechaiiical Adjustment: 25 = 2 turns. Clutch prevents
overtravel damage

Dimensions: .28" H x .31" W x 1.25" L

Models: 8187, printed circuit pins; 8188, stranded
vinyl leads; 8189, solder hook; 8184, panel mount
version of 8189; 8186, panel mount version of 8188

DALE ELECTRONICS, INC.
1352 28th Avenue, Columbus, Nebr. 68601
In Canada: Dale Electronics Canada, Ltd.



By habit,
loose jobs got

carbon

Now, you have another cho
Glass tin oxide film.
Corning makes them. :
In the general purpose ran;
Makes them with a base of
pure optical glass. And a f
oxidized metal film.
Environment can’t degrad
either. Film and substrat
molecularly bonded. Mat
TC’s do away with fatiguin
stresses. Special silver-glass
composition insures low
termination noise,
Press-fitted end caps mea
mechanical integrity. Tail
tough insulations wrap the
up. It all adds up to
long-term dependability.
General purpose, precision,
or special, CORNING® Glass

Tin Oxide Film resistors are a

better buy—by desig

1/10 watt in .1507, up
watts in six feet, they
shown in our new .
Resistor Design Guide.
Get your copy from:
Corning Glass Works,
Electronic Products Divisi
Corning, N.

CORNIN
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Don'’t tell our new
E'H 128 $98 Model 128 it has a
low price tag. Actually, the E-H 128 thinks, acts and
talks like a much higher-priced box—gives you fea-
tures never offered in a general purpose pulser at
this price.
For instance? Risetime of < 3.5ns and < 4ns fall-
time; rep rate to 50 MHz; dual outputs (positive and
negative), 5v amplitude; independently controlled
and continuously variable, attenuation ranges of 1,

2, 4, 8, 16; single and double pulses; single cycle
pulses; external driving and external gating. All this
and continuously variable trigger width (10ns to
50ns), plus pulse width and pulse delay continuous- .
ly variable from 10ns to 10 milliseconds. What it
adds up to, of course, is a pulser which gives you
more discrete measurements and wider breadth of
measurement than many pulsers costing hundreds
of dollars more. Worth looking into.

E-H RESEARCH LABORATORIES. INC.

515 11th Street « Box 1289, Oakland, California 94604 +« (415)834-3030 » TWX 910-366-7258

In Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: Iwatsu Electric Co., Ltd., No. 710, 2-Chome Kugayama Suginami-Ku, Tokyo, Japan




Needles are
for knitting -
right?

Right.

§

.
4 1

»«=and Digits are for
measuring-right?

Ri-i-ight!

sing a moving-needle meter with:
pdrallax errors! ¢ range selection errors!
' : * interpolation errors * an unprotected

Or are you using an NLS X-3 A ... movement that burns out on wrong polar-
Digital Multimeter with: ity or high voltage!

0.1 % accuracy : ﬂ R

Fully protected , \ \

on all ranges / \

Floating input o \ 5

Automatic polarit >y

indicator £ : s . ‘m - S ER—

Overload indicator : m-~

2000 digits per range l@ e K

0.05% resolution

Unique HI-MED-LO

range selector

Scaled analog output

(drives strip chart

recorder)

Wide measurement

capability

Measures:

DC Volts—I10 .V to 1 KV

in 6 ranges.(to 30 KV

with optional HV probe)

AC Volis—0.5V to

300V in 3 ranges

Ohms—10 mQ to 2000

Meg Q in 9 ranges

Current—10 pico amps to
200 mA in 8 ranges (to 2
amps with optional shunt)

. Originator of the Digital Voltmeter
[ VALUE THROUGH INNOVATION NON LINEAR SYSTEMS INC.

DEL MAR, CALIFORNIA

4 CIRCLE NO. 3 CIRCLE NO. 4



EXCLUSIVELY FOR DESIGNERS AND DESIGN MANAGERS IN ELECTRONICS

EDN is edited exclusively for designers of elec-
tronic products, equipment and systems. EDN
presents news, methods, ideas and products only
as they relate to the present and future job re-
sponsibilities of designers and design managers.

EDN DESIGN ACTIVITY FILING SYSTEM

This system uses three words to categorize all fea-
ture editorial. It is unique in that it is based on
design “‘activity’’ ratherthanon‘‘things''designed.
The system consists of these words:

DESIGN | “"OF" or
ACTIVITY | ““WITH" MODIFIER FREQUENCY
DESIGN MATERIALS | PASSIVE (where
TEST COMPONENTS | ACTIVE applicable)
PACKAGE | CIRCUITS LINEAR
ANALYZE |FUNCTIONS | DIGITAL
SURVEY | SYSTEMS COMMUNICATION | LOG1o f (Hertz)
COMPARE SERVO

RELIABILITY

HARDWARE

TEST/SYSTEMS/COMM 8, forexample, is the des-
ignation for filing an article under the Communi-
cations Systems Testing at 108 Hertz.

This system is compatible with most ‘“‘personal”
filing methods. Very few designers need to use all
classifications, when theirown individual require-
ments are overlaid on the system. In many cases
two or even one level of classification is sufficient.

Tomorrow’s circuits will
have a fair sprinkling of
semiconductors that also
emit light. They'll be used
for indicators, trouble-
shooting aids and optical
links. This happens to be
an IR diode (by Monsanto)
made visible by the film’s
response, but the visible-
light versions look the
same. See page 49.
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Design Features
Light-Emitting Diodes: Key to SOLID-STATE DISPLAYS . . . . sweyspensicie 49

Semiconductors that emit light are beginning to open up new design opportunities for computer-driven

display systems. As LED prices go down and color selections go up, they will gradually revolutionize the
“face” of electronic equipment.

Comparison Simplifies Micropackaging Selection . . . ... . . rckgecompoensiicie 66
The use of discrete semiconductor chips used in circuit designs, as compared to already packaged units,
is on the increase. Eight types of available chips are compared and evaluated.

Instrumenting for Automated Single-Shot Measurements . . wsamctionsicie s 74
With visual observation removed from the test loop, automation takes over and testing speed soars.

DB or Not DB? (That Is the Question) . . .. . .. .............. Test/Circuits|Linear S 4
What does an amplifier spec sheet mean when it says 60-dB gain? It should mean 60-dB power gain,

but usually does not. Author Bob Sanford suggests a simple approach to putting meaning back into

gain specs.

Time-Multiplexed Electronics Extend Recording Capabilities .ospsensiconm 88

What appears to be an everyday familiar tape recorder turns out to be a complete multiplexing system.
The unique design from Ampex has reduced the cost of multiplexing by 75 percent.

Design Ideas

Heated Substrate Controls Drift in Monolithic Amplifier. . . .. DesignCircuitsiLinear O3
Adding a heater circuit on the same chip containing an IC amplifier results in performance equal to

chopper stabilization.

PIN Diodes Stabilize RF Level .. . . .. ... ... ... .. ........ Test/Circuits/comm 9 O 8

Applying PIN diodes in a leveling circuit results in a small, low-cost leveler that connects to the output of
an RF signal generator.

Audio IC Doubles as Regulated Power Supply . . . ....... ... DesignFunctions/Linesr 1 O 2

A 2W IC audio amplifier converts to a regulated supply with line and load regulation better than 1 percent.

Three-Layer Triggers Control Load Protector. . . . . .. ... ... ‘sgicusiice: 108

Overload protection without series impedance, with automatic reset—sounds impossible, but it’s not.

Timer Design with Programmable UJT's. . . . . .. oo« DesignfCircuits/pigital T T O

Programmable unijunction transistors can fill a need in design of stable, long- /nterva/ timers.

Unique Technique Expands Programmable
Digital Clock Capabilities. . ... .. ....................... Design/s)

Programmable digital clock continuously compares the derived period
of the desired frequency to the pulse count of a master clock.

s/Digital 112

Customer Engineering Clinic. . . . . .. ................... Design/Circuitsitinear 2 1 1 8
Customer engineers solve common application problems in this every-issue feature.

Design Predictions

Charles Phipps of Texas Instruments Incorporated gives his
views on ""‘near future' realizationof LSI. . . . . ... ... ... ... ... a7

Design Interface

Hard-Core Unemployment—Engineers Do Give ADamn. ... ........ 125
Because the technical community is taken to task regularly for its noninvolvement in social problems, it

may come as a surprise to learn that electronics firms and designers are effectively attacking the problem

of hard-core unemployment.



In a

270,000 uF

"X 994 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.,
491 Marshall Street, North Adams, Mass. 01247

SPRAGUE COMPONENTS

s I R n G E®
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES u

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY

THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

el Sprague’ and @ are registered trademarks of the Sprague Electric Co.
CIRCLE NO. 5



Editorial

Exclusively for Designers

This is EDN as it will be from nowon . . . re-
packaged in standard format. Even though
EDN is now smaller on the outside, it is
bigger on the inside! Our commitment is to
designers and design managers. Here are
some of the new things that will make
significant contributions to fulfillment of
that commitment:

e The design ‘“activity” filing system is a
new solution to a very real designer problem.
It is explained on p. 10 and on the table of
contents. Notice that, in addition to being
categorized by this simple system on the
table of contents, each technical article
carries the listing at the bottom near the page
number.

® Many writers wring their hands and chastise
the designer for not solvingall of our country’s
social problems. In our Design Interface for
this issue, Glen Boe uncovers surprising
facts about the genuine concern and action
of designers throughout the industry. In
future issues, articles will discuss the Design
Interface with management, vendor sales-
men, production, purchasing, engineering
libraries, etc.

® Design Predictions (p. 47) is one man’s
opinion on the coming of LSI. In future

columns we will air predictions and opinions
from the industry’'s best designers. The
column will be offered on an equal-time
basis to those of opposing viewpoints.

. @ We have improved the graphics in EDN to

communicate as fast as possible with the
printed page. For example, note the tabs on
pp. 27, 49, 93 and 139, indicating the begin-
ning of new sections without taking a whole
page to do it. Color is not used for “splash”
but for organization and function as in the
articles on pp. 84 and 93 and in the figure on
p. 99.

e A few other touches have been added that
we feel will make life a little easier for you,
e.g., there will be no advertising in the
middle of an article; also, no article ends
on the back of another article.

The editors of EDN are quite proud of this
issue. We feel we have been successful in
blending good communication techniques
with the best technical information available.
We do know, however, that being the top
magazine, like being a top designer, requires
constant attention and improvement. We
hope that you will let us know your thoughts,
favorable or not, on the postcard provided
just inside the front cover.

j el

Editor



More

MSI
from

Transitron

Now available for immediate shipment — 2 new
complex circuits with industry’s best performance

BCD-to-Decimal Industry’s Fastest (60 MHz)
DECODER-DRIVER 4-BIT RIPPLE COUNTER
= High breakdown voltage — 70V min. = High speed — typically 60 MHz

= High sinking current capability— simplifies
power supply filtering requirements

Low power consumption — typically 180mW @ 5V
High output current drive — typically 20mA

-
L}
= No background glow, no oscillation = Master-slave flip-flops provide application versatility
= Low power consumption — typically 10mA @ 5V = [nternal buffers provide low input current loading
= Compatible with TTL and DTL levels = Buffered outputs prevent false output signals
= Only decoder-driver available in 16-pin = Full TTL compatibility (easily interfaces with other logic)
hermetically-sealed ceramic dual in-line package = Available for industrial or military temperature
= Also available in 22-lead ceramic flat pack range operation
and 16-pin epoxy dual in-line package = Available in 14-lead flat package (suffix G) or 14-lead

dual in-line package, ceramic (suffix P) and plastic
for 0-75°C (suffix E)
= Both binary and BCD versions available in two pin
configurations: 4710/ TRC 2511-14, Binary Ripple Counter
| TRC 2515-18, BCD Ripple Counter
7/14 ( TRC 2521-24, Binary Ripple Counter
| TRC 2525-28, BCD Ripple Counter

Send for complete data on these ran it ro n

and other Transitron MSI func- slsctiroRicJoorboration
tions. Available without Charg& 168 Albion Street Wakefield, Massachusetts 01880

CIRCLE NO. 6
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When You Buy a

Power Supply,

Why Not Get the Best?

MFG SER NO
MFG. PART NO. |

MFG MODEL o
INPUT RANGE 10
INPUT TRANSIENTS 60V ~ 01SEC
INPUT TERM + | |~

QuUTPUT

MFG SER NO. |

MFG. PART NO. |
MFG MODEL [

INPUT

INPUT TERM. + | |~

MAX. BASE TEMP |

T
MA AS ME s
Mpr ARt It FUSE INPUT @] |

FUSE INPUT @ AMPS maX

BL1D-27.6A
(109,890 Hrs.)

Abbott's New Family

are designed to operate in the strin-
gent environment required by mili-
tary and aerospace systems — (per
MIL-E-5400 or MIL-E-5272C)
from —54°C to +100°C.
RELIABILITY — MTBF (mean time
between failures) as calculated in the
MIL-HDBK-217 handbook can be
expected in excess of 50,000 hours
at 100°C for many of our power
modules. The hours listed under the
photos above are the MTBF figures
for each of the models shown. Addi-
tional information on typical MTBF’s
for our other models can be obtained
by phoning or writing to us at the
address below.

QUALITY CONTROL — High relia-
bility can only be obtained through
high quality control. Only the high-
est quality components are used in
the construction of the Abbott power
module. Each unit is tested no less
than 4/ times as it passes through
our factory during fabrication —
tests which include the scrutinizing
of the power module and all of its

(73,585 H

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

abbott transistor ]

INCORPORATED

LABORATORIES

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

CIRCLE NO. 7

oot EIETIATXTIN

RANGE| _ {70!
CPS. SINE WAVE 10
YAy

ANMPS QUTPLT | {(rf
T outeuT TErm, + [ |

U2DS-22A

abbott EFERIETEYS

MFG SER NO. [T 771
MFG PART NO_| 1
MFG. MODEL |7 |

INPUT RANGE | 'TOT
INPUT TRANSIENTS 60V —
INPUT TERM. + [T 1 =1

QUTPUT 1T H 1@ 70 1]
[T6 1ePSTTIT@ i Twave
OUTPUT TERM, + | (=1 7]
MAX BASE TEMP.|

FUSE INPUT @

_ lawps

AMPS MAX

$3D-115A-400
rs.) (61,387 Hrs.)

of 100°C Units—

component parts by our experienced
inspectors.

NEW CATALOG — Useful data is
contained in the new Abbott Catalog.
It includes a discussion of thermal
considerations using heat sinks and
air convection, a description of
optional features such as short circuit
protection and remote output adjust-
ment as well as operating hints for
power supplies and a listing of envi-
ronmental testing costs.

WIDE RANGE OF OUTPUTS — The
Abbott line of power modules
includes output voltages from 5.0
volts DC to 10,000 volts DC with
output currents from 2 milliamperes
to 20 amperes. Over 3000 models
are listed with prices in the new
Abbott Catalog with various inputs:

60 to DC, Regulated
400 to DC, Regulated
28 VDC to DC, Regulated
28 VDC to 40045, 1¢ or 3¢
60 to 4009, 14 or 3¢

T0: Abbott Transistor Labs., Inc., Dept. 67
5200 West Jefferson Blvd.
Los Angeles, California 90016

ls’llre:ase send me your latest catalog on power
supply modules:
NAME
COMPANY
ADDRESS

CITY & STATE

DEPT.) —




EDN Activity Filing System

The EDN editors have developed a unique system for
filing technical articles. It is based on “Design Activity” ) e A
rather than on specific “things” designed. Each article g L e
is described by three words selected from a master list
of nineteen. (The details of the system are explained
on the table of contents.) It is largely compatible with
the “personal” filing methods of engineers and utilizes
just a few categories rather than the hundreds required
for a product-oriented system. For the first time in elec-
tronics publishing, a magazine prowaes a s:m”ple solu-
tion to the reader’s problem of information storage and {

classification.
DESIGN “0F" or m‘if’
ACTIVITY “WITH" MODIFIER FREQUENGY~- ‘ﬁ.j)i K
Design Materials Passive (Where 4
Test Components| Active appllcahle) F
Package Circuits Linear
Analyze Functions Digital
Survey Systems Communicati
Compare Servo

4 Reliability

Hardware

o

This word
designates
the basic
""activity””
described
in article.

Word from -
this column
describes
level at
which activ-
ity takes
place.

,-1

’Thls modi-
fler ‘makes_
categones /
more spec‘
ific.

Design/Systems / Digital 8

If you would like to try this new filing system, we will gladly send you a complete set of gummed
labels foryourfile folders. From theseyou can choose those combinations which are useful to you.

10
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W reliable

VALUE ENGINEERED DIPPED SILVER MICA
CAPACITORS FROM GENERAL INSTRUMENT
SET NEW RELIABILITY STANDARDS.....

r-_-----—--------1

To: General Instrument Corporation, Capacitor Group l
65 Gouverneur Street, Newark, NJ 07104 I

Send me a working sample of your dipped silver mica I
capacitor plus specifications.

Name

Title

Address

City State Zip

¢
3
!
k
Company. :
£
i
b
:

L testitl

L----------------J

Test a General Instrument dipped silver mica capacitor yourself. Test
it for temperature characteristics . . . For stability . . . For close toler-
ance . . . Resistance to humidity . . . Or anything else you can think of.
There's no better dipped mica available.

Name your rating . . . 1pF to .03 .F. Name your voltage . . . 100
to 500. Name your tolerance . . . as close as +=1%. Name your spec
. .. commercial or MIL-C-5D. You'll get the exact capacitor you need
from General Instrument Corporation, Capacitor Group, 65 Gouverneur '

St., Newark, NJ 07104. Fill out the coupon today.
. GENERAL

CIRCLE NO. 8
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Far Superior

70 ANY VTVM OR I{OM

A NEW STANDARD
OF THE INDUSTRY + « «

B Only Sencore makes a true field
effect meter

B Less circuit loading than
VTVM/obsoletes VOM

B Zero warm-up time — instant stability
B Complete circuit and meter protection

B Complete portability

.Greater frequency responses than
most scopes

FE149 SENIOR FET METER

The only true Senior FET meter available today with

outstanding accuracy and unbelievable ease of operation.

e Unmatched Accuracy. 1.5% on DC, 3% on AC, plus
large 7-in. meter and mirrored scale, assure the
most accurate tests possible.

e Eight AC and DC ranges .5V to 1500V full scale.

e Zero center scale with .25 v. either side assures

measurements to less than .1 v. for transistor bias

measurements.

AC peak to peak readings to 4500V maximum with

freq. response of 10HZ to 10MHZ 3DB.

Eight resistance ranges to R x 10 megohms with 6

OHMS center scale.

Nine DC and nine AC current ranges 150ma to 5

amps.

e Eight decibel ranges for audio measurements.

Three HI-Voltage ranges, 5 KV, 15 KV, 50KV with

39A21 high voltage probe. ............... $14.95

Absolute meter and circuit protection against circuit

overload.

e Non-breakable, scuff-proof, vinyl-clad steel case.

e Three-way power. Operates on AC, on self-contained
rechargeable batteries, or on AC with batteries
plugged in. Same readings all three ways.

Hi Accuracy. For unsu
ments.
errors.

put resistance on DC; 1

sible circuit overload.
full scale.
mum with freq.

10MHZ -+ 3DB.
5 resistance ranges to 1

probe.

9

STANDARD OF THE ELECTRONIC
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$149.50

FE14 and FE16 popular
4 1/2 inch FET Meters

Mirrored scales prevent parallax
Minimum circuit loading. 15 megohm in-
Zero center scale = 0.5 v. readings for
transistor bias measurement.

Full meter & circuit protection against pos-

7 DC & AC voltage ranges 1 to 1000 volts

AC peak to peak readings 2800 v. maxi-
response of

5 DC current ranges 100ma to 1 amp.

3 Hi-Voltage ranges, 3 KV, 10 KV, 30 KV,
extended with 39A19 ($9.95) high voltage

Exclusive push-button design. Just push two buttons

for any test — top row selects function, bottom row
selects range. Action is instant and automatic.

rpassed measure-

0 megohm on AC.

10HZ to

000 megohms.

See your Sencore distributor today or write factory for complete line catalog.

a SENCOR

426 SOUTH WESTGATE DRIVE,
ADDISON, ILLINOIS 60101
INDUSTRY



SYLVANIA'S
DELAY RELAY.

It takes a hotfoot to make 1t work.

See the leg of the relay that has a resist-
ance winding around it?

That leg is a bimetallic strip.

Send a jolt of electricity through the
winding and the leg bends. And makes (or
breaks) contact.

When the strip cools it unbends. And
automatically breaks (or makes) contact.

Simple, isn't it?

Because it's so simple, the Sylvania ther-
mal time-delay relay has some very sophis-
ticated advantages.

First: Cost. A lot less than other relays.

Then: Reliability. Good for 100,000 oper-
ations.

Last but not least: we can make them by
the million. We're aiming for the designer
with big plans.

In cars, they can be used to light up the
ignition key area when the door is opened.
And turn on seat-belt warning lights.

They can be used in color TV sets for

automatic degaussing. And in residential
heating systems to assure proper ignition
sequencing.

Plug one in wherever you want to delay
a lamp or a small electrical load. Or need
an cutomatic timer, alarm—or even limit
switch.

We make the relayin 2-, 3- and 4-terminal
versions. Normally open and closed. For
AC and DC circuits.

A little gadget like this could help your
design become a very hot item.

For details write to: Sylvania Special
Products, Control Devices Div., Standish,

Maine. SYLV m IA

GENERAL TELEPHONE & ELECTRONICS

CIRCLE NO. 10
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The rousing success of our A485, which has linear f; above 1GHz for
collector currents from 2 to 25mA, has led us to develop the A430
(f; above 1.2GHz from 5 to 50mA) and the A210 (f; above 1GHz from 15 to 150mA).

And now there are three Amperex low-noise UHF transistors with linear,
high f; and with overlapping collector current ranges in steps of 10:1.
m erex With these transistors you can now optimize broadband, high gain
, UHF amplifiers to operate at any collector current from 2 to 75mA—

with extremely low intermodulation distortion and low, low noise.
Until now, it simply couldn’t be done.

Typical applications include broadband test instruments,
(e.g., RF oscilloscopes), telemetry equipment, antenna amplifiers
’ (say, from 40 to 860MHz), CATV distribution amplifiers and

high performance communications receivers.

If you need high gain, low noise and

low intermodulation distortion anywhere in the UHF spectrum,
the Amperex A485, A430 and A210 may be your answer.
m ere 8 For data and applications information, write: Amperex Electronic Corporation,
o Semiconductor and Microcircuits Division, Slatersville, Rhode Island 02876.

AMmperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS
CIRCLE NO. 11



Ceramic substrates
in less time, for less money:.

Hole-patterned ceramic substrates in quantities
up to 250 are now available from Coors at prices
much lower than ever before.

Parts shipments are faster too — two weeks max-
/imum after receipt of order.

Substrates % to 17 square inches in size, 10 to
35 mils thick, can be obtained with any practical
number of holes in practically any pattern.
Tolerances on hole locations and substrate
length and width dimensions can be held to
=%% (not less than =0.003") if required. Sub-
strate thickness and hole diameters can be kept
within =10%.

Materials are Coors famous-quality 96% and
99.5% alumina ceramics.

Turn breadboards into prototypes, prototypes
into finished circuits quicker, cheaper.

Mail or phone your substrate specifications to
Coors Custom Products Division — today. Coors
Porcelain Company, 600 Ninth Street, Golden,
Colorado 80401, (303) 279-6565.

COOll lunsomon

CIRCLE NO. 12
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Voltage Regulator
Problems?

® OQutput voltage changes due to input
voltage variations?

® OQutput voltage changes due to ambient
temperature variations?

® Qutput voltage changes due to reference
element voltage/time instability?

Problems Solved!
Use Semcor’s Metal Temperature
Compensated Reference Elements

Low dynamic impedance —as low as 15 ohms

Controlled temperature coefficient —
as low as .0005 % /°C

Superior voltage/time stability — to .5mv per year

VOLTAGE/TIME STABILITY TEST

500

N
w
o

o
Va

AV, — uvolts

—250 I

—500
0 5 10 15 20 25 30 35
TIME — WEEKS

Call Semcor Now!
In stock and at the right price

Metal Temperature Compensated Reference Elements

IN2620 - 1N2624B . ....... 9.3 Volts  1N3580 - IN3584B ....... 11.7 Volts
IN2163 - IN2171B ........ 9.4 Volts  HRE Series ............ 16-96 Volts
SRE Series ;. 6055w 9.4 Volts

Also a complete line of Glass and Molded Temperature Compensated Reference Elements

COMPONENTS, INC.

3540 W. OSBORN RD. / PHOENIX, ARIZONA 85019
PHONE 602-272-7671 / TWX 910-951-1381

SEMCOR DIVISION

CIRCLE NO. 13




Industry’s most
complete selection

e Up to 12 positions per deck, shorting or non-
shorting.

« Shorting AND non-shorting poles may be grouped
on one deck in any combination.

» As many as 6 poles per deck.

.* Delivery from stock.

e All individual deck parts are self-contained, and
are permanently molded into place... mechanical
shifting completely eliminated.

» U.S.Pat #3352979.

» Write for RCL's new expanded switch catalog.

« Life expectancy: 200,000 mechanical operations.

RCL ELECTRONICS, INC.

General Sales Office: 700 South 21st. Street, Irvington, New Jersey 07111

CIRCLE NO. 14
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New hp 1802A 3.5 ns, 100 MHz Plug-in

Now You Can Disregard Capacitive Effects
When You Measure Nanosecond Rise-Times
And High Frequencies With a Real Time Scope!

The new hp 1802A Dual-Channel Vertical Amplifier
plug-in used with any of the mainframes in the hp 180
scope system is designed to eliminate the effect of input
capacitance—and its associated problems of signal
attenuation and circuit loading. In fact, the input
capacitance of the 180/1802A system is too low to be
measured, so Hewlett-Packard now specifies the system
as having a low reflection (<0.13)and an extremely low
SWR of 1.35:1 at 100 MHz, 10 mV/cm sensitivity

(1.1:1 at all other deflection factors).

For the first time you can forget about the influence of
capacitance—the big problem in making high frequency
real time measurements. You can measure nanosecond
rise times and high frequencies over a wide range of
source impedances—with 10 mV/cm sensitivity. You can

look at your signal—without capacitive distortion of your

display—and without capacitive disturbance of your
circuit under test!

You have a near-perfect termination for your 50 Q
systems—regardless of your signal frequencies—with
the 50 Q2 impedance of the 180/1802A system. Optional
resistive dividers increase resistance 5, 10, 50 or 100X
with only 0.7 pF capacitance. You can make more than
90% of your high frequency real time measurements
with these dividers and the 180/1802A system.

You can get higher resistances with the new hp 1123A
100 kQ Active Probe which adds only 3.5 pF capacitance
to your measurement system. Combine the active probe
and its set of X10 or X100 matched resistive dividers
and you've increased resistance greatly and reduced
capacitance to only 3 pF!

Use the new 1802A Plug-in with the hp 181A Variable
Persistence and Storage mainframe when you want to
capture and hold high frequency single shot phenomena—
or look at low rep rate fast rise time pulses.

Get the full story on the new 1802A plug-in and your
free measurementerror calculator for calculatingrise time
accuracy of your measurement system from your
nearest hp field engineer. Or write to Hewlett-Packard,
Palo Alto, California 94304. Europe: 54 Route des
Acacias, Geneva.

Price: hp 180 Scope System with 100 MHz capability,
$2500; with 100 MHz and variable persistence and
storage, $3150; hp 1802A amplifier plug-in alone,
$1200; hp 1123A Active Probe, $325.




These are photographs of a 2 ns
rise time signal—showing the
effects of different probe
capacitances.

50 Q Source to 5

200 © Source Impg
0.7 pF capacitance

200 Q Source Impedance,
10 pF capacitance

500 @ Source Impedance, , HEWLETT@ PACKARD

20 pF capacitance

OSCILLOSCOPE SYSTEMS
CIRCLE NO. 15




Check CA3047 Specs Against the Rest

Now there’s a new industry standard for Op Amp performance/
dollar—RCA-CA3047. Compare it with the rest for input and out-
put specs and stability. Compare for gain and CMR, for output
power and voltage swing...and price!

For more information, see your RCA Representative about
CA3047 and the other Op Amps in RCA’s economy/performance
line. Or ask your RCA Distributor for his price and delivery. For
data sheets on the RCA-CA3047, write RCA Electronic Compo-
nents, Commercial Engineering, Section ICF-10, Harrison, N.J.07029.

Supply Voltage +12Vmax. "
Power Output (10% THD) (R. = 500Q) 80 mW min.
C-M Rejection Ratio 84 dB min.
Output Swing Voltage (P-P) (R. = 500Q) 18 V min.
Input Impedance 150 KQ min.
Open-loop Voltage Gain 84 dB min.
Input Offset Voltage 5 mV max.
Input Offset Current 35 nA max.
Input Bias Current 350 nA max.
Slew Rate 1.2 V/us typ.
Operating Temperature 0°to + 70°C

Look at how much Op Amp
$1.95 can buy!

#per unit per 1,000

RCM:z:
Circuits

20



The Readable Little Meter

Hold the ad at arm’s length and see just how readable it is.
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Put your left thumb here.

Honeywell’s new 81T Panel Meter takes
up about half the panel space of a full-
scale meter.

But hold this ad out at arm’s length and
see how easy the meter is to read.
(How we ever got such a large
scale on such a small face with-
out cluttering it, only our de-

signers know.) And we’ve set
the dial up front, so you can

see it clearly, even from an

oblique angle.

The small mechanism behind
the small face is Honeywell’s
Auto-Torque taut-band mechanism.

-

o
) ﬂ

(Actual size)

Put your right thumb here.

It has about 509, fewer parts than a
pivot-and-jewel.
(One of the parts that’s missing is the
old space-consuming plastic barrel on the
back of the meter.)
Honeywell 81T Panel Meters
- come in 33 standard ranges.
| And they cost no more than
' pivot-and-jewel meters.
So you don’t have to pay
a lot to get a little.
(We’d like to send you a

1

.

Nof ;l' catalog. Write Honeywell
N ” Precision Meter Division,

Manchester, N.H. 03105.)

It takes all kinds of meters to make the Honeywell line.

Honeywell



Design News
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‘UNIVERSAL’ CIRCUIT PATENTED. RCA's entry into the LS| market, a one-layer metallized MOS chip with a possible 100 gates,
was recently awarded a patent. The basic element is a variable-identity cell in which the transistors are not connected. The
basic circuit operates as though it had two layers of metal, but only one is applied because RCA diffuses conductive paths in
the silicon. Designers lay out the final interconnection for custom needs, making the cell into any kind of NAND or NOR gate.
RCA states that all power bus structures are adjacent to cells via the meander line. All the engineer has to do is to connect
from the proper bus line to the proper terminal of the cell to obtain proper loading of the cell. Array above is a completely
processed customized chip for a binary-coded decimal up/down counter that uses 52 gates and 18 of the 22 bonding pads
available. Final artwork at left is 200 times size of final chip.

OCEAN ETCHED ON SILICON. Sci-
entists at Lockheed's Research
Lab. are reducing 1-sq mi of
ocean to a 1-in silicon wafer to
simulate the sea's wave patterns
and then study scattering of
microwave signals for various sea
states —calm, moderately choppy,
storm-tossed. The first step is the
model shown at left that consists
of cut-up computer readout de-
rived from input of actual wave
patterns into a computer. Wafers
will be chemically etched, rep-
resenting several sea conditions.
The wafer then is placed at a
precise distance from a laser
source and its infrared beam du-
plicates, in miniature, the micro-
wave radar beam from a satellite.
It now is difficult for a satellite to
interpret radar reflections, be-
cause of the constant shifting,
rising and falling of the ocean.
Such lab data could help future
weather- and earth-resources sat-
ellites to make quick, remote
analyses of conditions of the
world's oceans, aiding in weather
forecasting and navigation.

EDN October 1968




HOLOGRAMS IN THE ROUND. Researchers
in the Optics Lab. at Martin Co., Denver,
are perfecting a 360° hologram that dif-
fers from the one Bell Telephone Lab. is
working on (EDN, May 1968, p. 33). The
Martin hologram is made by illuminating
the object (a model of Surveyor) that is
placed inside a strip of film, which is
taped in the cylinder at left of setup. A
helium-neon laser takes 4 s to expose the
film but a pulsed laser takes only 20 ns.
For the reconstruction, Martin attaches
the film to a revolving stand and uses any
good light source. (The system reported
from BTL exposed sequentially narrow
parts of the film while rotating the object
through 360°.) Applications of this type
of hologram include a model with which
astronauts can practice space docking.
Martin is building an optics system that
will blow up this 360° hologram to the
size of the astronauts’ window and then
will maneuver the hologram to simulate
actual docking procedures. Researchers
also are working out a laser system that
will use a pulsed laser to take holograms
of rock samples from space, instead of
the stereophotographs now taken. The
pulsed laser exposes the holograms fast
enough that the motion of the spaceship
does not affect them.

23
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NEW DESIGN IN MEDICAL MONITORING. Re-
duction of false alarms and lead-failure
detection are two of the benefits Honey-
well’s Test Instrument Div. promises with
its new patient-monitoring system. “Most
patient-monitoring systems cannot dis-
tinguish between alarms set off by true
heartbeat activity and those generated
by false information—noise interference,
electrical or mechanical trouble,” said
the company. One of the design features
is a highly sensitive beat-to-beat cardio-
tachometer that provides automatic con-
trol, high immunity from noise interfer-
ence, baseline shift, and multiple count-
ing of single heartbeats and artifacts.
Another is the special lead-fail circuitry
that detects the malfunctioning source
and prevents the false alarm that other-
wise occurs, affecting display of data
recorded by the system.

24

ACM COMES OF AGE. Braving Las Vegas' heat to attend the Association for Com-
puting Machinery’s 21st birthday party were 3000 computerites. Outstanding
speaker was Nevada's Lt. Gov. Fike, who told the conference luncheon of the great
strides that Nevada has taken in centralized data storage and processing. High-
light of the 50 exhibits at the August 27 to 29 show was the flamboyant Control
Data display, featuring abstract light patterns and a dramatic young dancer (above).
SIE Div. of Dresser International introduced a laser-activated incremental plotter
of unique design, exceptional speed (p. 34). Copies of proceedings, largely soft-
ware oriented, are available through Brandom Systems Press, New York, N.Y.

EDN October 1968



Design News

RECTANGLES IN, CIRCLES OUT Round
wafers, sliced from silicon ingots, long
have been the accepted form. But now
comes the rectangular wafer! Circle-
squarers’ chips can be scribed on a
square format and circles become in-
efficient (see comparison above).
Instead of slicing round chips off the
crystals, designers at Motorola's Semi-

3 ; B

‘ N

conductor Products Div. are cutting 2- by
2- by 6-in blocks of silicon from them. Ted
Benedict, materials operations manager,
says:

“Aside from the obvious efficiency ad-
vantages we obtain in space utilization in
our diffusion and epitaxial deposition, a
broken or damaged 2- by 6-in wafer usu-
ally can be two-thirds salvaged. A dam-
aged 2-in round wafer is lost. The basic
square-wafer format we are using allows
processing of 2- by 2-, 2- by 4- or 2-
by 6-in wafers and increases furnace
capability.”

Two-inch circle (left) has 21 percent less
area that 2 in.

Wafer (right) has 126 transistor chips,
each 275 milsz.

Crystal for “‘slab” wafers (below) is 2.8 in
in diam when pulled. It is trimmed to a 2-
by 2- by 6-in block and then sliced longi-
tudinally with a diamond bandsaw. Waste
is all recycled for further use.
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Spatial Filtering Cleans up Deep-Space TV Noise

UrBaNA, ILL.—Researchers in Pro-
fessor Poppelbaum’s Computer Hard-
ware Research Group at the Uni-
versity of Illinois have developed an
on-line laser technique for elimina-
ting noise that deteriorates space-
generated TV signals. This real-time
technique for cleaning up TV signals,
based on spatial filtering, promises
to be far more satisfactory than the
time-consuming and expensive com-
puter noise-elimination techniques
now in use.

The basic technique is possible be-
cause most noise existing in space
varies slowly, while the noise in
consecutive TV-frame transmissions
varies only in phase. This means that
if one TV frame contains only noise
and the next contains both signal and
noise, the processing of both into a
form in which one signal is subtracted
from the other results in a noisefree
signal.

The form that allows two TV sig-
nals to be combined mathematically
is the Fourier transform. Subtracting
one TV signal from another while in
the transform plane actually removes
a portion of the visible TV frame.

Spatial filtering helps to convert a
TV picture into its Fourier transform.
First, a complete TV picture is super-
imposed on a laser beam and the
beam then is focused to a point. In-
stead of producing a perfect point of
light, the coherency of the laser beam
causes the elements of the picture to
produce an interference pattern. This
interference pattern, similar to a
hologram, consists of a series of light
and dark areas and is equivalent to
the Fourier transform of the complete
TV picture. This means that the light
in any particular point is directly pro-
portional to a Fourier coefficient.

Optically converting the television
signal into its frequency domain is
handy because mathematically any
waveform can be modified by another

simply by subtracting Fourier coeffi-
cients. Therefore, by freezing the
Fourier-transform pattern of an all-
noise TV frame for a short time and
using it like a photographic negative,
the noise is optically subtracted (spa-
tially filtered) from the Fourier trans-
form of the signal-plus-noise signal.

All laser light passing through the
Fourier transform plane is recon-
structed into a picture by reverse
action of the interference patterns.
Because the removed information
exactly coincides with the noise that
is superimposed on the desired signal,
the resulting visible picture contains
only signal information.

Modulating the laser beam with
the entire TV picture was the major
problem facing the developers, led by
Prof. Michael Fairman. They solved
it by using a modified version of the
Ardenne tube, also called a solid-state
light valve or a Pockels Effect Cham-
ber. In the Ardenne tube, the entire
TV frame is scanned onto an electro-
optical crystal with a modulated
electron beam.

Normally, the KDP crystal does
not affect the polarized laser light
passing through it and this light is
stopped by a cross-polarizing filter,
which follows the crystal. However,
when the scanning electron beam hits

the crystal, an electrical field is devel-
oped that causes the light passing
through that point to become ellip-
tically polarized. A portion of this
polarized light passes through the
analyzer and appears as a light out-
put. The amount of light is roughly
proportional to the modulated inten-
sity of the electron beam and the light
passing through the analyzer is a true
representation of the TV picture.

The fact that spatial filtering works
and that noise is filtered out with this
technique was proved at the Univer-
sity by using a steady-state source
and a steady-state spatial filter. The
filter consists of black spots drawn on
a glass that exactly represents the
Fourier transform of the steady-state
noise.

However, in a dynamic system an
spatial-filtering  technique
must be developed. Two- techniques
have been considered. One workable
technique employs two Ardenne
tubes to produce a scan on a second
tube, which is equivalent to the
Fourier transform created by the
noise-only TV signal. In this method,
the KDP crystal of the second Ar-
denne tube acts as the electro-optical
filter for masking noise out of the
final TV picture.

A more direct method provides a

(continued)

active

ARDENNE TUBE
(Solid-State Light Valve)

ANALYZER
FOCUSING LENS

Laboratory system proved
that eliminating TV noise
on-line is feasible.

VACUUM PUMP

COLLIMATING

LASER

LENS
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Add Sprague Series 7400A
to your prints for
Series 74N TTL c1rcu1ts
They’re pin-for-pin identical.

SERIES 74N FUNCTION SPRAGUE PART NO.
SN7400N Quad 2-Input NAND USN-7400A
SN7401N Quad 2-Input NAND (No Collector Load) USN-7401A
SN7402N Quad 2-Input NOR USN-7402A
SN7410N Triple 3-Input NAND USN-7410A
SN7420N Dual 4-Input NAND USN-7420A
SN7430N Single 8-Input NAND USN-7430A
SN7440N Dual 4-Input NAND Buffer USN-7440A
SN7450N 2-Wide 2-Input Expandable AND-OR-INVERT USN-7450A
SN7451N 2-Wide 2-Input AND-OR-INVERT USN-7451A
SN7453N 4-Wide 2-Input Expandable AND-OR-INVERT USN-7453A
SN7454N 4-Wide 2-Input AND-OR-INVERT USN-7454A
SN7460N Dual 4-Input Expander USN-7460A
SN7470N D-C Clocked J-K Flip Flop USN-7470A
SN7472N J-K Master Slave Flip Flop USN-7472A
Dual J-K Master Slave Flip Flop:
SN7473N Single chip, pin 11 GND USN-7473A
— Single chip, pin 7 GND USN-74107A
SN747 4N Dual D-Type Edge-Triggered Flip Flop USN-7474A
— Dual AC Clocked J-K Flip Flop USN-7479A
COMPLEX ARRAYS
SN7441N BCD-To-Decimal Decoder/Driver USN-7441B
SN747 5N Quadruple Bistable Latch USN-7475B
SN7480N Gated Full Adder USN-7480A
SN7482N 2-Bit Binary Adder USN-7482A
SN7483N 4-Bit Binary Adder USN-7483B
SN7490N Decade Counter USN-7490A
SN7491AN 8-Bit Shift Register USN-7491A
SN7492N Divide-By-Twelve Counter USN-7492A
SN7493N 4-Bit Binary Counter USN-7493A

For complete technical data on Series 5400 and 7400A
circuits, write to Technical Literature Service, Sprague
Electric Co., 491 Marshall St., North Adams, Mass. 01247

488-7134R3

FE S

SPRAGUE WORCESTER...the world’s finest microcircuit facility

SPRAGUE

THE MARK OF RELIABILITY

'Sprague’ and ' (" are registered trademarks of the Sprague Electric Co.

CIRCLE NO. 18
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All wrapped up in one neat little
package, here’s what you get:

e A device you can absolutely
count on to protect semiconductors

from transient and overvoltage
puncture.

* An overcurrent protector built
around Heinemann’s well-known
hydraulic-magnetic trip mechanism.

 The speed of semiconductor re-
sponse with the reliability of elec-
tromechanical operation: transient
response 1n 500 nanoseconds;
equipment disconnect in as little as
10 milliseconds.

You get a lot of savings as part of
the JA/Q package, too. Savings in
design time. Screening. Testing.
Assembly. Calibration. Installation.

These are the steps you’d have to
perform if you decided to build it
yourself. Instead of buying it
from us.

Obviously, it makes more sense
to buy it. We'll sell you as many as
you want, with firing voltages from
five to 50 VDC, and current ratings
to 10 amp. With substantial OEM
discounts.

And we’ll make you a present of
the savings.

For literature about the JA/Q
electronics protector, write for Bul-
letin 3370. Heinemann Electric
Company, 2626 Brunswick Pike,
Trenton, N] 08602. 4161

<<=>HEINEMANN

CIRCLE NO. 19
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Spatial Filtering (Cont'd)

photochromic or F-center storage
plate in the Fourier transform plane.
However, considerable research is
needed before proper device operation
is perfected. (More information in

Design Dataline, p. 220.)

Vertical black lines are superimposed for
evaluation over desired signal, A. Without
spatial filter, vertical lines appear in out-
put, B. Adding appropriate spatial filter,
C, to Fourier transform plane eliminates
black lines. Inferior results are caused
by inadequate system components. Blank
screen, D, illustrates system operation
with no video input.

EDN October 1968



These new
SAMPLE/HOLD MODULES

from BURR-BROWN

T -

WMW‘“W( 5

actual size

will help you build
accurate A/D conversion systems

in less time...at lower cost

Of the six Sample and Hold (or Track and Store) modules
supplied by Burr-Brown, these two new units are proving to
be the most popular. Why? Because they provide the type of
precise, non-inverting performance that is ideally suited for
highly-accurate A to D conversion systems. And, the price is
reasonable. Only $110.00 for the 4034/25 ... $125.00 for
the 4035/15. . . in single unit quantity.

Both units have excellent gain accuracy (#+0.019%,), low drift
in the HOLD mode and a 10MQ input impedance. Size is a
convenient 1.80” x 2.40” x .60" for the Model 4034/25. ..
only 1.20"” x 1.80” x .60"” for the Model 4035/15. Rack
mount versions are also available.

FOR DETAILED INFORMATION
on the complete line of Burr-Brown Sample/Hold Modules,

BURR-BROWN

RESEARCH CORPORATION

International Airport Industrial Park *» Tucson, Arizona 85706

simply contact your Burr-Brown Engineering Representative
or use this publication’s reader service card.

HIGHLIGHT SPECIFICATIONS

4034/25 4035/15

Accuracy (0 to 60°C, 1% of f.s.) +0.01% +0.01%
Input Impedance 10 Me 10 Mo
Aperture Time 0.05 us 0.05 us
Acquisition Time

Settling to 0.01% 1000 us 100 us
HOLD Decay (at 25°C) +0.1mV/s +0.25mV/s
Power Requirements +15V +15V
Price, single unit quantity $110.00 $125.00

Operational Amplifiers

Function Modules
Active Filters
Power Supplies

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

Instrumentation Amplifiers

ENGINEERING REPRESENTATIVES: ALABAMA, HUNTSVILLE (205) 534-1648 / ARIZONA, PHOENIX
(602) 254-6085 / CALIF., LOS ANGELES (213) 665-5181, SAN DIEGO (714) 232-2017, SAN FRAN-
CISCO (408) 244-1505 / COLO., DENVER (303) 399-4391 / CONN., EAST HARTFORD (203) 874-9222
/ D.C., WASHINGTON (SEE MARYLAND) / FLORIDA, ORLANDO (305) 425-2764 / ILLINOIS,
CHICAGO (312) 286-6824 / LA., NEW ORLEANS (504) 888-2266 / MD., SILVER SPRING (301)
588-8134 / MASS., BOSTON (617) 245-4870 / MICH., DETROIT (313) 358-3333 / MINN.,
MINNEAPOLIS (612) 781-1611 / MO., ST. LOUIS (314) 524-4800 / N.C., GREENSBORO (919)
273-1918 / N.J., CAMDEN (215) 925-8711 / N.M., ALBUQUERQUE (505) 255-1638 / N.Y., ALBANY

(518) 489-4777, BINGHAMTON (607) 723-9661, MT. VERNON (914) 968-2200, NEWBURGH (914)
561-4510, NEW HARTFORD (315) 732-3775, ROCHESTER (716) 473-2115 / OHI0, CINCINNATI
(513) 761-5432, CLEVELAND (216) 237-9145, DAYTON (513) 277-8911 / PENN., PHILADELPHIA
(SEE CAMDEN, N.J.), PITTSBURGH (412) 243-6655 / TEXAS, DALLAS (214) 357-6451, HOUSTON
(713) 774-2568 / UTAH, SALT LAKE CITY (801) 466-8709 / VIRGINIA, (SEE MARYLAND) / WASH.,
SEATTLE (206) 767-4260 / CANADA, DOWNSVIEW, ONT. (416) 636-4910, MONTREAL, QUE. (514)
739-6776, OTTAWA, ONT. (613) 725-1288, VANCOUVER B.C. (604) 291-7161
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Laser-Plotting Graphics Take over

Las ViEcas, NEv. — A new look in X-Y
incremental plotters was unwrapped
here at the recent ACM convention.
Developed by SIE Div. of Dresser Sys-
tems, Inc., Houston, this digital plot-
ter uses a modulated laser beam for
selectively exposing conventional
photographic film as instructed by
an IMB Model 360 computer.

With a point-plot technique, the
LGP-2000 graphic plotter prepares
presentations up to 40 in wide and
100 ft long. Resolution is selectable,
down to 0.005 in—a 40-in rotating
mirror scan (divides) into 8000 tiny
dots. These dots appear in as many as
14 shades of gray. Incremental film
motion, again selective down to 0.005
in, provides the other plotting axis.

This plotter represents a major step
forward in plotter speed, for example,
with an IBM 360/40, a plot 40 in wide
by 40.5 in long can be generated in 4
min, 10s. Electromechanical plotters
are slower by at least an order of mag-
nitude, but produce sharper, clearer
images with better resolution. The
new laser plotter is best (most advan-
tageous) for such purposes as produc-
ing contour maps, irregular plots and
varied-contrast plots. As with all such
machines, it also can be adapted to
polar plots.

85,/-1998 -2023/

7 -: o?g?égm 803
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Portion of contour map produced by plotter
has resolution of 5 mils, lines are four
dots wide and characters are two dots
wide. Scale: 1 in = 8000 ft.

Portion of seismic wiggle trace has resolu-
tion of 5 mils, trace is one dot wide and
timing lines are one, two and three dots
wide. There are eight traces to an inch.
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Laser Graphic Plotter has to “wait” = e

for computer, according to developers. COMMAN }\
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JANCO TOTALLY ENCLOSED
ROTARY SWITCH ENGINEERING
SALES REPRESENTATIVES

NEW ENGLAND

Charles K. Barton Associates, Inc.
Glastonbury, Conn.

Tel. (203) 633-9417

Charles K. Barton Associates, Inc.
Auburndale, Mass.

Tel. (617) 332-2021

MID ATLANTIC
Charles F. Ward

Long Island, New York
Tel. (516) 742-5561
Kaufholz Associates
Newtown Square, Pa.
Tel. (215) 356-5000
Kaufholz Associates
Baltimore, Md.

Tel. (301) 488-6561

MIDWEST
Components Inc.
Cleveland, Ohio
Tel. (216) 842-2737
Components Inc.
Cincinnati, Ohio
Tel. (513) 721-2997
Electro Serv. Co.
Minneapolis, Minn.
Tel. (612) 827-2907

Thunderbird Engrg. Sales & Services, Inc.

Wichita, Kansas
Tel. (316) 684-3941

Thunderbird Engrg. Sales & Services, Inc.

Prairie Village, Kansas
Tel. (913) 642-7220

Thunderbird Engrg. Sales & Services, Inc.

Hazelwood, Missouri
Tel. (314) 731 4343
Sumer, Inc.

Mt. Prospect, Illinois
Tel. (312) 392-7370

SOUTH

Estes Assoc Inc.
Decatur,

Tel. 404) 373 8266 - 8267
Estes Assoc., Inc.
Orlando, Fla.

Tel. (305) 277-1510
SOUTHWEST
Bowden Engineering Sales, Inc.
Albuquerque, N.M.
Tel. (505) 299-0473
Brown Technlcal Inc.
Denver, Co

Tel. (303) 2"3 0863
Carl Hower & Co.
Scottsdale, Arizona
Tel. (602) 947-4204
Aymond Co., Inc.
Dallas, Texas

Tel. (214) 827-8043
Aymond Co., Inc.
Houston, Texas .

Tel. (713) 666-1804

WEST COAST
Paul J, Hildebrand
San Diego, Calif.
Tel, (714) 582-4677
McKnight Company
Menlo Park, Calif.
Tel. (415) 325-2844
Norwest Co., Inc.
Seattle, Washington
Tel. (206) 282-3707

CANADA

John Herring Co., Ltd.
Toronto, Canada

Tel. (416) 762-7545
FACTORY SALES
Burbank, California

Tel. (213) 845-7473

(All of Southern California
excluding San Diego County)

JANCO

CORPORATION

EDN October 1968



TOTALLY ENCLOSED

MICRO-MINIATURE
] ROTARY SWITCH
s WITH NEW

UNITIZED CONSTRUCTION
1/2 INCH DIAMETER...

Now that's a tiger, figuratively speaking, of course. But
it does sum up the tiger-like performance of this new,
totally-enclosed, micro-miniature rotary switch which ex-
ceeds the requirements of MIL-S-3786. Now briefly,
because we want you to send for our complete specifica-
tions, let us take a look at what selective

continuous rotation or with stops. You can even specify
your own number of decks from 1 to 12. This tiger
will perform at 70,000 feet and will stand its ground at
temperature ranges of —55° C to +125° C. New
unitized construction insures the highest level of reliability.

This is no paper tiger. It's off the boards

breeding and careful training have done and running, and your tiger-taming
for this tiger. Designed into a maximum Janco representative holds the leash.

overall dimension of .62 is a 30° indexed

Call him now! He's just back from safari

switch, giving you 2 to 12 positions with COR PORATION with a great story.

3111 WINONA AVENUE ® BURBANK, CALIFORNIA » AREA CODE 213+«845-7473
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At ECI in St. Petersburg, Florida...
Digital Communications Opportunities

For a special breed
of engineer

If you're one of that special breed of communication
engineers who finds a challenge in projects beginning
with applied research and advanced development
and continuing through prototype and product design,
you may well be the kind of person we're looking for.

Check this partial list of digital engineering
activities at ECI. If you'd like to help push the
state-of-the-art in any of these or other areas in
communications, send us your resume. You'll design
systems and equipment for satellite communications,
multiplexing, electronic switching, command and
control and advanced radio communications for some
of the nation's major defense and space programs.

Digital Communication Engineering Activities:

* Frequency Synthesis

e MODEM Technology

* Microelectronic Applications
e Error Control Coding

* Electronic Switching

¢ Time Division Multiplexing
® Reliability Techniques

CHALLENGE, GROWTH . . . and LOCATION TOO!

At ECI your job will be challenging. At ECI you'll
find real opportunity for growth instead of just
another confining groove — two-thirds of all advanced
development is done in regular engineering
development areas. And, at EC| you'll like where
you're living just as much as you'll like your job.
We'll match subtropical, sunny St. Petersburg
against any location in the U. S. for stimulating,
comfortable living.

SEND YOUR RESUME TODAY — in confidence —
to K.N. Nipper, Supervisor of Professional Placement,
Electronic Communications, Inc., P. O. Box 12248,
St. Petersburg, Florida 33733.

(An equal opportunity employer, M & F.)

ELECTRONIC COMMUNICATIONS, INC.
ST. PETERSBURG DIVISION

CIRCLE NO. 721 ON ENGINEERING PLACEMENT CARD
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SEMI

CONDUCTOR

il

PUBLISHED BY MOTOROLA SEMICONDUCTOR PRODUCTS INC.

THE FIRST DOUBLE-REGULATED 1/C VOLTAGE REGULATOR!

Here’s a unique new monolithic 1I/C
Voltage Regulator with an extra “built-
in” reference-voltage regulator stage to
provide regulating characteristics that
are essentially independent of output
voltage. No other I/C regulator available
today offers this important advantage! So
complete is this precision regulator that
its 20 milliohm output impedance is
independent of both output voltage and
frequency up to 0.5 MHz. And, it can
regulate loads up to 15 Amp (without
using external power transistors)!

Available in two temperature ranges,
the MC1560 (—55 to +125°C) and the
MC1460 (0 to +75°C), also come in
two different power handling packages
— the new 9-pin TO-66 (suffix “R”)
which dissipates 10-Watts up to Ty =
+65°C and the popular 10-pin, TO-5
(“G”) for up to 1.80 W applications.

These remarkable 1/C regulators also
offer electronic “shutdown” control and
short-circuit protection. The “shutdown”
control can be actuated by an applied
logic signal and can put loads in a “stand-
by mode,” or used as a dissipation control
to protect the regulator under sustained

Other highlights include:
e Excellent transient response and
perature stability (0.003% /°C

tem-
typ)

e Highripplerejection,0.002% /V (typ)
e Single external transistor current

boost to greater than 10 Amps

They’re 100-up priced as low as $3.50

output short-circuiting. (MC1460G).
o—
UNREGULATED
NPL Ve LTAGE MC1560-MC1460 B o
OUTPUT
+VO(REF) VOLTAGE
1/2A 3 -0
0 TC +V(REF) OUTPUT UNITY
REFERENCE REFERENCE b3 GAIN
GENERATOR REGULATOR 9 CONTROL L
REGULATOR $ LoAD
VO(SENSE) 9

>
>
>

AAA

I
|

RESISTORS EXTERNAL TO I/C =
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Now “No Ringing”’ Series 54/74
T2L Circuits From Motorola!

Motorola now supplies equivalents to
the 54/74 T=L integrated circuit series —
with an important added advantage —
diode clamped inputs! So effective is this
added circuitry that the “ringing” prob-
lem encountered with older T-L designs,
is now virtually eliminated. In addition,
the 3 J-K flip-flops in the line feature
improved circuitry which offers greater
protection against negative clock input
transients.

The new MC7400P MTTL I/C line
encompasses seventeen multi-function
types including a full complement of
gates (12 in all), covering NAND, NOR,
AND-OR-INVERT functions and a gate
expander. In addition to three J-K flip-
flops, two of which are dual circuits,
there is a Type “D” and a Quad Latch.

These integrated circuits are available
in the I4-pin and 16-pin (MC7475P/
MC7476P) dual in-line plastic packages.

FUNCTION MOTOROLA | 74N SERIES
Quad 2-Input NAND Gate MC7400P SN7400N
Quad 2-Input NAND Gate MC7401P SN7401N
Quad 2-Input NOR Gate MC7402P SN7402N
Triple 3-lnput NAND Gate | MC7410P SN7410N
Dual 4-Input NAND Gate MC7420P SN7420N
Single 8-Input NAND Gate MC7430P SN7430N
Dual 4-Input NAND Buffer MC7440P SN7440N
Expandable 2-Wide 2-Input
AND-OR-INVERT Gate MC7450P SN7450N
Dual 2-Wide 2-Input
AND-OR-INVERT Gate MC7451P SN7451N
Expandable 4-Wide 2-Input
AND-OR-INVERT Gate MC7453P SN7453N
Single 4-Wide 2-Input
AND-OR-INVERT Gate MC7454P SN7454N
Dual 4-Input Expander MC7460P SN7460N
J-K Flip-Flop MC7472P SN7472N
Dual J-K Flip-Flop MC7473P SN7473N
Quad Latch MC7475P SN7475N
Dual J-K Flip-Flop MC7476P SN7476N
Dual Type “D'" Flip-Flop MC7479P SN7474N

For details circle Reader Service No. 221
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Your program-card and a logic table are all
that's needed to computer-customize Moto-
rola’'s XC170, 128-Bit ‘‘Read-Only Memory."

ECONOMICAL CUSTOMIZED MSI
VIA COMPUTER INTERFACING!

Let's let our computers “talk” to each
other!

Objective: to establish a close-match-
ing interface between Motorola and
users of MSI circuits in order to cus-
tomize standard circuitry to specific
requirements — and to do it at a con-
siderable savings in both time and money!

The XC170, forerunner in this unique
scheme, is a monolithic “Read-Only”
memory circuit whose basic structure
consists of 16 eight-bit “words” (128-
bits in all), with each bit initially in the
logical “1” storage state. By removing
appropriate metal links on its metaliza-
tion pattern, these bits can be changed
to the logical “0” state to meet your
particular function requirements. Open
collector outputs on each buffered line
allow multiple “Wired ORing” for large
memory arrays. (Incidentally, the logic

levels of this circuit are compatible with
both MDTL and MTTL families.)
Address times are less than 45 ns.

All you need do to customize the
XC170 is to supply a punched card that
reflects the memory bit pattern that you
have established, along with a table
showing the R.O.M. contents. Qur com-
puter does the rest!

The customer’s punched program-
card provides the mask-making instruc-
tions for Motorola’s computer-aided de-
sign facility. This card information also
accompanies the processed parts through
to final test where automatic equipment
compares the results for compliance to
the specified program.

Pricing and scheduling can be easily
worked out in consultation with your
local Motorola representative. You’'ll be
saving both time and money!
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“Step-Up” Saturated Logic To High-Speed MECL Il With The New MC1035!

An exceptional new, multifunction
circuit in the MECL II line, MC1035/
1235, characterized as a dual Schmitt
Trigger/Triple Differential Amplifier,
now allows you to interface high-speed
MECL systems with lower-speed satu-
rated logic forms, while increasing low
voltage swing signals to high MECL
levels.

This versatile 1/C consists of three
differential amplifiers with emitter-fol-
lower outputs and a bias driver. It can
also be used as a level translator (MOS
to MECL), as well as in many linear
applications. Examples include: an RF
amplifier/FM amplifier-limiter; a wide-
band video amplifier; an A/D compara-
tor; a zero crossing detector; and, a Vy,,

buffered supply. All of these applications
are illustrated and described in the com-
prehensive data sheet for this remark-

DUAL SCHMITT TRIGGER DESIGN

Ves
o)

Ve = Pin 14 = GND
Vgg =Pin 7 = -5.2 Vdc
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able monolithic 1/C.
Each amplifier of the MC1035/1235
features:
e Voltage gain — 6.0 V/V (single-
ended) or 12 V/V (differential)
e Bandwidth (at 3.0 dB point) — 45
to 50 MHz
e Useful gain — to 100 MHz
e Common mode rejection ratio —
80 dB
e Propagation delay — 3.5 ns (nom)

The MC1035 (0 to +75°C) is avail-
able in the ceramic 14-pin dual-in-line
package while the full temperature range
MC1235 comes in the 14-lead ceramic
flat pack. And, it is low priced!

Prices
MCI03SL. -« ;oo 5 s s 4 $1.50 (1,000-up)
MC1235F . i:iviisvinasnainses $3.00 (100-up)



B PLASTIC

The MJE3055
THERMOPAD
plasticsilicon
power transistor
performs like the
TO-3 packaged
2N3055 still costs
approximately a
dollar!

90-Watt THERMOPAD Silicon Transistor
Heralds New Low-Cost Power Designs!

A whole new era in economical, high-
wattage power circuit design has been
ushered in with the introduction of the
Motorola MJE3055 THERMOPAD sil-
icon power transistor — a “‘metal-spec’d”

Uniwatt plastic
transistors now
“fill-the-gap’’ be-
tween Unibloc
and Thermopad
power dissipation s
ratings. Vras

but plastic-packaged version of the pop-
ular TO-3 housed 2N3055. This 12
Amp, 60 volt, NPN unit dissipates a full
90 Watts, due to its unique direct chip-
to-heat-sink thermal path design (only
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Here’s The “Uniwatt”’ — A Plastic Transistor
That Fits Into The 1-To-6 W Power-Slot!

A new plastic transistor package —
called the “Uniwatt” — now provides the
designer with an economical device,
capable of fulfilling medium power dis-
sipation requirements to roughly six-
watts. It fills the “thermal-gap” between
the Unibloc plastic transistor case (310
mW) and the high power Thermopad
plastic types (up to 90 Watts).

The Uniwatt package, about the size of
a TO-5 metal-can device, has excellent
thermal properties—being able to handle
up to one-watt at T, = 25°C, with no
heat sinking and approximately six-watts
when its integral heat-sink “tab” is chassis
mounted.

The initial Uniwatt packaged intro-
ductions include both high-voltage NPN

types and two NPN/PNP complemen-
tary series. The MPS-UO1/USI1 series
features high, linear betas over a col-
lector-current range of 1.0 mA to 1.0
Amp, while the MPS-U02/MPS-U52
series (designed for general purpose and
driver applications) also offers low sat-
uration voltages and a high f, of 150
MHz at 20 mA. Two high voltage types,
the NPN MPS-U03 and MPS-U04 pro-
vide V¢ ratings of 120 and 180 volts,
making possible the use of low-cost,
medium-power plastic transistors in hor-
izontal driver and video output applica-
tions.

They are all silicon Annular transis-
tors, famous for their high performance
and reliability.

0.030”) — the first plastic power tran-
sistor to break the ultra-wattage barrier!

For the designer who is looking for an
economical, yet speedy power switch, the
MIJE3055 offers both high frequency
response and fast switching times. And,
this universal transistor will also serve
you well in series and shunt regulators
and high fidelity power amplifiers. Its
exceptional linear beta is spec’d at two
I points to provide the circuit designer
with a complete picture of its high gain
capabilities over a wide current range.

Motorola THERMOPAD devices
have proven their mettle in stringent no-
failure tests such as: high humidity,
reverse bias and 100,000 hours at 150°C
storage temperature, as well as 42,000
hours of operating life under ambient
conditions.

Vce(sat) fr Price

Type e @ lc | @ Ic (max) | (min) |(100-up)
2070 @4A| 11V

MiEsoss | 2970 @ A8 1 ALY, 2 mHz| 102

T T P e ey o ey o I P
ety B V| 10w |sow|70@1s0m|1ov@loa | OpHE@ | B3¢
| e V| 10W|60w|s0@150m|0av@isoma |5 M@ 36¢
PSla  NPN 0 10w | sow|sw0@iom |osv@a00ma | 109z @ ggg
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Plastic Darlington Amplifier
Saves Space, Saves Money!

Combining plastic encapsulation with
closely matched transistor geometries on
a single monolithic chip, Motorola has
produced a peak-performance device for
a “peanut” price. It's the NPN MPS-A12
Darlington amplifier. And. even though

Monolithic Darlington amplifiers are now
encapsulated in low-cost Unibloc plastic.

it offers betas in excess of 20,000, it
comes for just 42¢ (1,000-up).

Its low cost, together with its high
performance parameters and its 2-in-1
construction, make this Darlington ap-
plicable for a variety of compact econ-
omy designs. For example, it is ideal for
pre-amp stages requiring high impedance
inputs and as drivers in under 2-Watt
amplifiers.

The unit displays excellent gain lin-
earity from 1.0 mA to 100 mA. It also
has a high f, of 250 MHz @ 10 mA typ.
Leakage current is only 100 nA at 15
volts.
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SILICON PNP HIGH-VOLTAGE, MEDIUM CURRENT TRANSISTOR
— A Space-Saver That Can Switch 100-Watts At Nanosecond Speeds!

Small size vs. relatively high power handling and fast switching capabilities,
makes the new PNP 2N5357 applicable for a variety of compact industrial and
aerospace applications. It can switch up to 100-Watts at approximately 500 ns,
as illustrated by its typical ten = 60 ns and torr = 280 ns values. And, it can
handle 50 W (typ) at 1.0 ms pulse rates. Vegsar) is a low 0.3 V @ 100 mA while
Ic(sus) 1S 3 Amps.

This 300 V (Vero) power switch achieves its size advantage through the
use of the miniature TO-37 package, yet its power dissipation is a remarkable
high 30 W @ Tc¢ = 25°C. All this makes the 2N5357 a “letter-perfect” solution
for miniaturized deflector circuits, inverters, servo-amplifiers, etc. operating from
high-voltage power supplies.
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PNP HIGH-SPEED CHOPPER TRANSISTORS
—Save Space And Money In Low-Level Applications

Low offset voltage, low series resistance and new low prices (one-half the
book prices for similar units), make Motorola’s PNP 2N2944-46 series a prime
candidate for most any low-level chopper application. And, because the units
are packaged in low-profile, subminiature TO-46 cans, they are ideal for com-
puter and instrumentation equipment where mounting space is a priority
consideration.

Power dissipation is quite high for such a small package (500 mW @
Ta = 25°C). They exhibit both high inverse betas and high breakdown voltage.
Their isolation-diffused, epitaxial-base Annular die structure assures long-term
stable performance. Compare the prices for these high-performance choppers.

Vec(off) @ Fec (ON) @ hee (inv) "
Type No. | Is = 200 A | 1s = 1mA, = 1 kHz |Vcso/Vceo 'C"‘(’m(?x)"c' @ Ic = 200 xA (f;g’_f,;)
(typ) Ic = 100 A (typ) (typ)
2N2944 | 0.18mv 4.0 ohms 15V | 100pA @ 15V 20 $1.84
2N2945 | 0.23mV 4.5 ohms 25V | 200pA @ 25V 17 1.68
2N2946 | 0.27 mv 5.0 ohms 40 V| 500pA @ 40V 15 1.92
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NEW DIODE/TRANSISTOR OPTOELECTRONIC DEVICES
—Brighten The Low-Cost, High Density, Light-Activated Design Picture!

Two new photo-detectors (MRD210/250) and a photo-transistor (MRD-
310) now broaden the opportunities to develop economical, light-activated
designs requiring sensitive, yet low-cost units, with a high measure of reliability
and mounting flexibility.

The MRD210 is housed in a sub-miniature “pill” package (only 0.06” dia.)
which makes it ideal for closely-spaced matrix designs. The MRD250, only
slightly longer, features a low-profile lens which minimizes “cross-talk.” Both
units lend themselves to automatic-insertion assembly techniques.

The TO-18 packaged MRD310 transistor utilizes an external “base” con-
nection for added control. All three devices employ Annular structures and are
sensitive over both the visible and infra-red spectral range.

e Radiation Illumination Dark Rise Fall Price
Sensitivity (min) | Sensitivity (typ) Current Time Time (500-up)

MRD210 | 0.05 mA/mW/cm2 | 1.2 uA/lum/ft2 2 $6.10

MRD250 | 0.10 mA/mW/cmz | 2.5 uA/lum/ft2 %nﬁa’;‘; "Z;r?af;)s (h‘l’a’;)‘ 5.65

MRD310 | 0.20 mA/mW/cm2 | 2.5 uA/lum/ft2 5.65
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MEDIUM-CURRENT SILICON NPN CORE DRIVERS
—Provide Fast, Efficient, High-Voltage Switching Up To 500 mA
Designers of industrial and military computers: If you’ve been looking “high
and low” for ultra-fast, high-voltage core drivers to operate at current levels of
0.5 Amp — your search has ended! Let Motorola’s NPN 2N3722/23 do the job.
Maximum storage times as low as 85 ns, combined with fast turn-on of
50 ns and turn-off of 100 ns, at 30 Volts and 500 mA, are indicative of the speedy
power handling capabilities of these TO-5 packaged devices. Efficient, low power
loss operation is also assured by saturation voltages as low as 0.50 Volt at 500 mA.

Vce(sot) @ 500 mA | SWitching Time (max) hre @ Po @ 25°C
Type No. | Vceo * max) o £ torr | 100 mA/1.0V TA Tc
2N3722 (60 V 0.50 vV 50 ns| 85 ns[100 ns
40-150 0.8 W 4.0 W
2N3723 |80 V 0.75 V 70 ns | 110 ns|130 ns
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DUAL-GATE SILICON NITRIDE RF MOSFET
—Offers Cascode Performance Plus AGC Action . .. And It's Reliable!

RF circuit designers will appreciate the versatility and stable performance
of the new MFE3006 dual-gate MOSFET. The series arrangement of two sep-
arate channels, each with an individual and independent control-gate, makes
this MOSFET ideal for use in cascode configurations. In addition, this unit also
provides excellent AGC action. Its application possibilities span a wide range of
designs — from RF amplifiers and mixers up to 300 MHz, to gated amplifiers,
choppers and DC amplifiers.

Typical highlight characteristics include a high power gain (G,. of 24 dB;
low noise figure (3.0 dB); and a reverse transfer capacitance (Crss) of only 0.02
pF. The MFE3006 is fabricated using Motorola-developed Silicon Nitride
passivation to assure long-term stability under both high temperature and reverse-
bias conditions. All this, yet it’s priced at just 90¢ (1,000-up).
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JAN2N4948/49 UNIJUNCTION TRANSISTORS
— Are First State-Of-The-Art UITs To Be MIL-Qualified!

Motorola’s JAN2N4948 /49 all-diffused, Annular UJTs have been awarded
MIL-qualification to MIL-S-19500/388 (USAF) — the only up-to-date UJT
devices to be so honored! Unlike outmoded “bar-alloy” types, these UJTs excel
in three vital parameters required by today’s military requirements: (1) Low
Vinisaty — 3.0 V max; (2) reverse-bias emitter current of 10 nA max; (3) and,
a low maximum peak-point current of just 2uA. And, though the MIL spec
doesn’t call for it, they easily operate in the 1 MHz region — making them ideal
for stable, sensitive triggering and time-delay functions in virtually every mili-
tary electronics system. Even with all these advantages they cost only Y3 as
much as previous MIL UJTs.

Type 15 Vi (sat) tisao Intrinsic Standoff Ratio (5) Price
Numbers (max) (max) (max) min max (100-up)

JAN2N4948 2 uA 0.55 0.82 $1.80

JANZNA949 | 1.A Al I 5A 0.74 0.86 2.60
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JFET Type Numbers | | ) (';emq:s)) Prices (100-up)
N-Channel |P-Channel | Min / Max | *min  IN.channel [P-Channel
2N5358 2N5265 0.5-1.0 800 $4.00 $5.40
2N5359 2N5266 0.8-1.6 900 3.60 5.10
2N5360 2N5267 1.5-3.0 1400 3.30 4.80
2N5361 2N5268 25-5.0 1700 3.00 4.50
2N5362 | 2N5269 | 4.0-8.0 | 1900 3.30 4.80
2N5363 2N5270 7.0-14 2100 3.60 5.10
2N5384. | ...... 9.0-18 2200 #4000 | :ivan s

N-CHANNEL AND P-CHANNEL JFETS
—Offer Tight I,,35 Ratios As Well As Low Noise Figures

Motorola now provides an N-channel 2N5358-64 JFET series which is com-
plementary to the P-channel 2N5265-70 line (introduced at the beginning of the
year). In addition to their value in complementary circuit designs, these JFETs
display performance characteristics that make them naturals for critical general
purpose and military amplifier applications. Such highlight parameters as noise
figures as low as 2.5 dB max @ 100 Hz make them prime choices for precision
preamplifier applications.

Their Inss ratio is tightly specified at 2:1. Both series offer high minimum
gate-source breakdown voltages (Visrjess). Motorola originated Designers data
sheets, containing comprehensive min/max curves and detailed parameter specs,
are available for both the 2N5358-64 and the 2N5265-70 series, permitting the
design of most circuits entirely from the information presented.

Motorola also offers a 40-volt version of the 2N5265-70 — the MFE4007-12
series — which provides the same tight Ipss ratios but at a substantial cost savings.

All three series — the 2N5358-64, the 2N5265-70 and the MFE4007-12 —
are available for your immediate needs from your local Motorola distributor’s
warehouse. The units are packaged in four-leaded TO-72 metal-cans.
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ULTRA-LOW-VOLTAGE UNIJUNCTION TRANSISTOR
—First Advanced UJT To Operate From 4 Volt Sources!

Motorola’s newest state-of-the-art UJT — the 2N5431 — now makes it
possible to build industrial and military timing, triggering and sensing circuits
which can operate from batteries or other low voltage sources.

Packaged in the TO-18 case, this new 4-volt UJT is fabricated using a
process similar to that used for silicon Annular transistors, famous for their
reliability and performance. The results: a UJT which exhibits no more than
10 nA emitter leakage-current (Ign:) and peak-point currents of only 0.4 nA
max, at 25 V, and 4.0 pA at 4 V (Vner:). It also has a tight eta range of 0.72-0.80
and a narrow base resistance spread of 6.0 k@ to 8.5 k<.

All this and low prices, too! The 2N5431 lists for just $3.25 (1,000-up),
with availability as near as your local distributor’s warehouse.
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HIGH-VOLTAGE PNP SILICON POWER TRANSISTORS
—Switch 250-300 Volts in Nanoseconds And, They're PNP Polarity!

The design of direct line-operated switching circuits, thus eliminating the
need for step-down componentry, is now possible using Motorola’s new silicon
PNP 2N5344/45, 250-300 volt power transistors. Their switching capability is
ultra-nimble, too — less than 900 ns (max.) at 500 mA and 100 volts. And
efficient, low-power-loss, low-distortion performance is ensured due to saturation
voltages which are typically less than 0.38 V (also at 500 mA).

Packaged in the thermally-efficient TO-66, they offer high dc safe operating
areas (upto 1 Amp). Their —65 to +200°C range makes them ideal replacements
for germanium units in higher temperature designs.

PNP v Po @ Total Switching Time | hre @ | Vce(sat) @ fr@ Prices

Type CEO | Tc = 25°C | @ 500 mA/100 V (max) | 500 mA | 500 mA (typ) [100 mA (min) | (100-up)

2N5344 | 250 V $12.00
40 W 900 ns 25-100 0.38 V 60 MHz

2N5345 | 300 V 15.00
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LOW-VOLTAGE “BET' SILICON RF POWER TRANSISTORS
—Protect Against Secondary Breakdown In Battery-Powered UHF Designs!
Motorola’s new NPN MM1601/02/03 “BET” RF power transistors are
standout performers for 12-Volt (nom) UHF power amplifier or oscillator
applications in military and industrial equipment. They can be used in Class AB,
B or C designs to provide dependable and efficient performance up to 240 MHz.
Their Balanced Emitter construction guards against secondary breakdown
and prevents burn-out, even under “worst-case” mismatched load conditions.
They are packaged in Motorola’s stripline “opposed-emitter” case structure which
provides low lead inductance and ease of tuning.
An Application Note describing procedures for systematic RF input-output
network design as well as comprehensive device data sheets are available.

Type No. Case Type | Power-In (Max) | Power-Out (Typ) @ |Frequency | Power-Gain (Min)
MM1601 144 0.6 W 3 W @| 175 MHz 7.0 dB
MM1602 145 25 W 10 W @ | 175 MHz 6.0 dB
MM1603 145 85 W 25 W @| 175 MHz 4.7 dB
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60-AMP 2N5435-40 “ADE"” GERMANIUM TRANSISTORS
—Push Power Switching Performance To New Heights!

Motorola’s continuing developments in ADE die technology (Alloy-Diffused-
Epitaxial) now yields a line of germanium power transistors that can switch more
power, faster . . . with higher betas and lower saturation voltages than ever before
possible! The series is EIA-labeled 2N5435-40. And, like the rest of the ADE
family, they provide double the power-handling capability of conventional units.
Their high safe operating area limits and high, linear betas at high current levels
qualify them for first consideration in critical, heavy-muscle designs. Cases:

- M i - . - a1le H . =N Y s ierce. « Q bl = : :
All-aluminum TO-3 (also available with flattened and pierced leads). 0 =
EIA Veesat) @ Ic/le Switching Time @ Ic = 25A (max) Ic B
Type No.| Vces hee @ Ic/Vee (max) 1 t: tr (cont) L =EE
2N5435 | 60 V |
2N5436 | 90 v| 2080 @ 25A72V | 55 6 60 a6 A =i
10 min @ 60A/2V 0 ==t =
2N5437 | 120 V T < 11090
12 us 10 us 8 us 60A —————SECONDARY BREAKDOWN LIMITATION I
2N5438 | 60 V 40-120 @ 25A/2V o— THERMAL LIMITATION T - 259C, CONTINUOUS DUTY g
5 y 0 - Flnerdl !
z::::: 128 \\: 15 min @ 60A/2V 0.50 V. @ 60 A/6 A . I:fm‘at'mfﬂmfnﬁ if‘.?:ffﬁllmiu‘“ \' |
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HIGH-VOLTAGE ““'SURMETIC' PLASTIC RECTIFIERS
—Protect Against Overloads To 5000 Volts, Cut Power Losses!

Surmetic rectifiers, long-time commercial/industrial standards in numerous
low-cost, peak-performance applications — now wear higher-than-ever voltage
designations . . . 4,000 and 5,000 V! The MR995/6 can be designed right into
high voltage B+ supplies in communications and electro-static equipment, high-
energy capacitive discharge systems, CRT applications, X-ray, and other designs
where severe voltage overloads may be encountered. High-temperature current
handling and 15 Amp surge capability “above and beyond” safety factors. And,
they shrug off tough 240-hour Mil-S-750 moisture-cycling tests.

Type VM Io TeM(surge) VE(av) IR Price (100-up)
MR995 4,000 V 80¢
MR996 5,000 V 250 mA 15A 1.7V 10 pA 90¢
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Military and aerospace
equipment demands proven
reliability. Thats w
Dytronics specifies capacitors

of MYLAR

Dytronics Co., Inc., of Columbus, components we select. Hundreds MYLAR has high tensile and dielectric
Ohio, makes Primary Phase Angle of our Primary Phase Angle Standards  strength. Its unexcelled thinness has
Standards that are used all over the are in military usage, and we are not enabled manufacturers to reduce size
world in all temperature extremes. aware of a single failure of capacitors and weight in capacitors.

Each precision unit uses 70 5 of MYLAR...we feel that this is Isn’t that reason enough for you

capacitors of MYLAR* evidence of both the reliability  to consider capacitors of MYLAR in
polyester film. Why ! and performance of MYLAR yvour designs? For additional informa-
MYL.AR? Here’s what Paul i . and we find that capacitors of tion write to Du Pont, which offers the
Ryan, President, had MYIL.AR cost about the same thinnest, most versatile range of

to say: “Military and major || . as those made of paper.” capacitor dielectric materials available.
aerospace facilities cannot MYLAR offers thermal Address: Du Pont Co., Room

afford equipment failure, stability from —70°to +150°C., 5852, Wilmington, Delaware 19898.
and we must be sure of the b i

plus excellent resistance to '
most chemicals and moisture. MYLAR.

A typical part of the Primary Phase Angle Standard
shown above with four capacitors of MYLAR (green).
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‘Picturephone’
Tube Shows
Live x-rays

Mugrray Hirn, N. J.—"Live” X-ray
images of a crystal are being pro-
duced as a by-product of BTL’s devel-
opment of a camera tube for its “Pic-
turephone” service. Instantaneous
studies of crystal orientation can be
made with this technique.

The camera tube also has been used
experimentally with X-rays to look at
the internal structure of small elec-
tronic components for manufacturing
defects. Bell feels it could be a valu-
able manufacturing technique also.

If an X-ray beam is passed through
a crystal and the scattered radiation
is allowed to fall directly onto the tar-
get of the camera tube, the resulting
video signal shows a diffraction im-

X-ray diffraction pattern of a pentaerythritol crystal is produced “live’” on TV moni-
tor by a camera tube that is similar to the one used for “Picturephone” service.

age of the crystal on the screen of a
CRT. When the crystal is rotated, the
pattern changes and the changes are
seen “live”.

For displaying X-ray diffraction
patterns, both image-intensifier tubes
vidicon tubes are used. For
TV the
new camera tube has about 20 times

and
a closed-circuit system,
the spatial resolution available from
X-ray image-intensifier tubes and is

much lower in cost.

In this X-ray imaging application
of the camera tube, the electron beam
scans the photodiode array at the nor-
mal “Picturephone” rate. Video band-
width is about 1 MHz and the picture
is displayed on a standard TV screen.
The tube also has been operated as
slowly as one frame per second, which
allows, in effect, a longer exposure
time and results in a sharper picture.
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WITH THE NEW DO-IT-ALL DATA SYSTEM

Explore new worlds of fun with the Model 1000
Datacoupler . . . Serves as a complete data system
by linking multichannel analog or digital sources
with digital tape recorders, computers, tape
punches, printers or teletype equipment.

Flexible, reliable, and inexpensive, it packs any
or all of the following options in only seven inches
of rack space:

DATATRON, INC. 1636 East Edinger Avenu

Analog and digital multiplexers . . . A to D and
D to A converters. . . digital recorder, data set,
computer, punched tape or printer interface. ..
intervalometer . . . playback mode . . . data search.

Be among the first to learn all of the secrets of
this easy-to-use instrument. Write for your free

brochure today.
==

Santa Ana, California 92705 ¢ (714) 835-2121
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Engineers’ and Management Surveys indicate:

STARTING SALARIES
OF ENGINEERS
ARE DECEPTIVELY HIGH

By James M. Jenks

T WO SEPARATE STUDIES appear to contradict the com-
monly held belief that engineers today make out
better financially than their colleagues who major in
non-technical subjects.

The first survey polled graduate engineers; the sec-
ond, company executives. The findings of these surveys
indicate that the average engineer — despite a high
starting salary — climbs fast but not far.

The need for technically trained men in recent years
has exceeded the supply to such an extent that com-
panies have been forced to bid for their services — to
actually set-up “recruiting” offices on college campuses
all over the country. Thus, starting salaries have gone
up and up. But the income ceiling for these technically
trained men is lower than for managerial personnel.

According to 1966 figures compiled by the Engineers
Joint Council, the average engineer can only hope to
earn about $13,500 a year. Even an engineer who is at
the top of his profession (one whose salary is in the top
ten per cent) earns only about $18,500 a year. In
contrast, an American Management Association study
shows that a middle management man can expect a
maximum salary of between $20,000 and $30,000 a year
in the larger companies. And, of course, a man who
becomes a middle manager early in his career is still
promotable. He still has the opportunity to reach the
top executive level and earn much more.

This, of course, is not to say that engineering students
would be wise to shift to the study of business adminis-
tration — or that working engineers face a bleak future.
Quite the contrary, the continuing growth of technology

means that men with technical backgrounds are ideally
qualified for the highest rewards industry has to offer —
if they also have a knowledge of the underlying prin-
ciples of business.

FREE ... “FORGING AHEAD IN BUSINESS”

If you want to avoid the thorny barriers to success — if
youre ambitious, determined to move up fast — send
today for the Institute’s 32-page descriptive booklet,
“Forging Ahead in Business.”

It explains what a man must know today to make
$20,000 or more a year . .. what he must do to accumu-
late this knowledge. It tells why men of equal ability
fare so differently in the race for better jobs and bigger
salaries. It analyzes the causes of failure . . . the reasons
for success. And it outlines an executive-training pro-
gram which is so complete and so scientific that each
day subscribers are brought a little closer to a mastery
of business procedures.

There’s no charge for “Forging Ahead in Business.”
And no obligation . . . other than the obligation to read
it thoughtfully, and decide for yourself whether the
training it describes is meant for you. To obtain your
complimentary copy, simply fill out and return the
coupon below.

ALEXANDER HAMILTON INSTITUTE
235 East 42nd Street, New York, New York 10017

ALEXANDER HAMILTON INSTITUTE
Dept. A914, 235 East 42nd Street
New York, New York 10017

Please mail me, without cost or obligation, your 32-page book,
“Forging Ahead in Business.”

...........................................

Business
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There are now
21 plug-in oscillators for

the SM-2000 sweep
generator. Try one!

»‘? e Ee® S

(covering 20 Hz to 3 GHz)

Send for your copy of catalog 70-A, containing full
specifications on all Telonic Sweep Generators, plus 23
pages of applications.

‘ ' TELONIC INSTRUMENTS

A Division of Telonic Industries, Inc.

60 N. First Avenue

Beech Grove, Indiana 46107
telonic 71:L(317) 787-3231 « TWX-810-341-3202
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California Designs
Mini-NBS

SACRAMENTO, CALIF. —Gov. Ronald
Reagan recently took time out of a
heavy schedule to sign into law Cali-
fornia State Senate Bill No. 996. This
little-publicized legislation was intro-
duced by Senator Cologne, of River-
side. It authorizes the California
Dept. of Agriculture’s Bureau of
Weights and Measures to “. . . upon
request, certify and verify the various
types of standards of weights and
measures used by industry. . .”, for
a fee.

The National Bureau of Standards,
under Dr. Aston, has been hinting
rather broadly for several years that
it would prefer to share the certifica-
tion burden. Last fall, Dr. Aston be-
came much more specific, stating that
his objective was to have just 51 cus-
tomers—50 states and the U.S. gov-
ernment. Taking the hint, a number
of California-based industrial metrol-
ogists studied the proposal and con-
cluded that it made good sense.

First, NBS certification is slow. An
instrument may be out of the plant
from 6 weeks to 6 months in the proc-
ess. Backup standards, sometimes
several sets, must be kept at hand.
Shipping expenses are higher by far
than is the case with in-state facili-
ties. There is also less chance of dam-
age during a shorter trip. Possibly the
main benefit, however, is the oppor-
tunity such a facility would give to
the metrology community to come to-
gether on a local, fraternal basis,
working out its problems informally
and personally.

The study group brought the pro-
posal to the California Bureau of
Weights and Measures, under Bill
Kerlin. It was formalized into the
Governor’s Committee for Standards
in Industry, and quickly went into
action. Enabling legislation was pre-
pared, and a Pert-like program devel-
oped. An industry-wide questionnaire
now is being circulated to survey
market potential. It already appears
that approximately one-third of NBS’s
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Heading up California’s Bureau of Stan-
dards are left to right, Richard Lyng,
deputy director, California Dept. of Agri-
culture, Harry Spires, assistant director
of the Center, and William Kerlin, chief,
Bureau of Weights and Measures, Div.
of Compliance, California Dept. of
Agriculture.

certifications originate from the
West Coast. Estimates are that a
state or regional facility could save as
much as half the present cost in fees,
transportation and standbys.

A 15- to 20-acre site is being
sought, probably in the Sacramento
area, for a new CBS— California Bu-
reau of Standards. The present plan is
to start up with six of a contemplated
22 disciplines. Weight, length, vol-
ume, voltage, current and power cer-
tifications are starters, to be followed
by time, frequency, optical standards,
magnetics and, hopefully, nuclear
standards.

Because the entire project is to be
self-sustaining, it will be developed
in Darwinian concept, from revenues
to certification fees. Mr. Lyng, deputy
director of California’s Dept. of Agri-
culture, does not know where the
money for the initial laboratory will
come from. He is considering a lease-
back arrangement, however, because
public financing might have political
complications —something  Califor-
nia’s present Governor really does
not need.

Why state-run? Why not private-
industry certification? Several rea-
sons. First, CBS can work much more
closely with another government
agency than it could with a private
company in establishing a new lab.
Also, legal complications arise, as
when my psychiatrist and yours do
not agree in court. Without an impar-
tial bureau to appeal to, we might
end up with both Macy’s and a Gim-
bels’ volts. Could be a new, low-cost
0.98-one.
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X-MOD 7
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POWER

ZERO

on@ 30} {\@i

FILTER

PRESTON SOIENTIFIC INCORFPORATED
ANAREIM CALIEORNIA

L

‘240

BUYS A LOT
OFDV IV

= 3+ DIGITS = 100 READINGS/SEC ® 1mV RESOLUTION
+0.19, ACCURACY = CONTINUOUS TRACKING
= SWITCHABLE FILTER ®= AUTOMATIC POLARITY

X-MOD 722A is the lowest-cost, fastest-reading, 3+ digit,
straight-dc box in town. The latest in Preston’s quality
line of source, control and measurement modules, it's
loaded with IC's, all-silicon semiconductors and plug-in

p.c. boards . ..

internal and external triggers ... neon-

edgelighted indicators. And $15 per decade buys you
positive true output logic levels and true bipolar BCD

output code.

$485 BUYS 4+ DIGITS! X-Mod 723A, with 0.1 mV reso-
lution, #0.019%, accuracy, offers the same fine features,
same six-month calibration guarantee.

To get the most DVM for your dollar,
get in touch with us today.

PRESTON

SCIENTIFIC INCORPORATED
805 EAST CERRITOS AVENUE
ANAHEIM, CALIFORNIA 92805

TELEPHONE (714) 776-6400
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Technology Trips over
Confused Democrats

CHicaco, ILL.—To the cry of “the
computer is a fraud”, emotions rallied
forth and the technical world was
tried and hung in the last few hours
of the Democratic National Conven-
tion last August.

TV viewers will recall that the
chairman of the New Hampshire del-
egation, David Hoeh, managed to set
back the state-of-the-acceptance-of-
the-art considerably with his enraged
reaction to what was actually a small
spring-loaded switch that went bad in
a magnetic card reader.

The pros and cons that led Mr.
Hoeh to believe that all was not ko-
sher on the convention floor will be
argued long and loud. But the inter-
esting part is that when Mr. Hoeh
inserted his Dartmouth University
identification card in the card reader
that was to weed out those not quali-
fied to enter and got the green light
OK, he became convinced that it was
a “computer” that was to blame.

(Mr. Hoeh maintained later that he
felt that unauthorized people were
being admitted to the floor with paper
passes and he was only trying to
prove that the highly touted security
system was a fraud. In the melee that
followed it has been alleged that Mr.
Hoeh scuffled with police and pulled
one officer’s badge off. Mr. Hoeh al-
leged that when he tried to call his
friends’ attention to the “fraud”, he
was summarily hustled to the police
station and sustained a head wound
in the process.)

Spokesman for Card-Key Systems,
Inc., general manager, Bruce Sedley,
told EDN that overall the system

38

worked very well. In 5 weeks the com-
pany designed the system and came
up with 80 card readers and 11,000
cards. He reported that 30 people had
been turned back trying to get in
without credentials the night of the
stormy Vietnam plank discussions.
When the credentials’ debate took
place, Julian Bond’s Georgia delega-
tion tried to crash the floor, but could
not get past the readers with phony
cards. The company also pointed out
that one of the security guards was
the first one to observe the reader
that went bad. While he was testing
it, he maintained that Mr. Hoeh was
watching and that he followed up by
inserting his Dartmouth card.

This is not a computer. This is a simple
card reader. Please post near politicians
and/or people.

MSC

MASTER
SPECIALTIES
COMPANY
Lighted Pushbutton
Switches and
Word Indicators
Now Available
From These
Stocking
Distributors!

NEW YORK AREA

Avnet Electronics

Westbury, Long Island
(516) 333-5800

OHIO AREA

Sheridan Sales Co.

Cincinatti, Ohio
(513) 761-5432

CHICAGO AREA

Magnuson
Electronics, Inc.

Chicago, lllinois
(312) 622-6322

TEXAS AREA

Norvell Electronics

Dallas, Texas
(214) 357-6451

LOS ANGELES AREA

Avnet Corporation

Culver City, California
(213) 870-0111

Shorten your procurement time
by placing your orders for lighted
and unlighted pushbutton switches
with an MSC Distributor near you.
The distributors listed maintain an
in-depth stock of all optional parts
for unit assembly to your exact re-
quirements...and delivery in the
shortest possible time. Contact the
one nearest you for information on
the MSC products in stock and the
special services available to speed
your procurement.

MSC

MASTER SPECIALTIES COMPANY
General Offices and Plant
1640 Monrovia, Costa Mesa

California 92627




Its10 to 1.

You don't have a
control panel problem
Master Specialties I0E

lighted pushbuttons

can't solve...in a snap.

MASTER SPECIALTIES COMPANY 1640 MONROVIA » COSTA MESA « CALIFORNIA 92627 + (714) 642-2427 « TELEX 678-433.
Regional Offices: Atlanta, Ga. (404) 261-8642 « Costa Mesa, Calif, (714) 642-0114 » Sunnyvale, Calif. (408) 245-9292 « Winter Park, Florida (305) 647-0100  Chicago, IIl.
(312) 2827112 « Waltham, Mass. (617) 893-1020 « Haddonfield, N.J. (609) 428-0701 e St. Louis, Mo. (314) 991-2877 = Syracuse, N.Y. (315) 479-9191 « Valley Stream,
L., N.Y. (516) 561-2334 e Cleveland, Ohio (216) 946-5552 e Dallas, Texas (214) 357-9459 e Houston, Texas (713) 228-2294 o Seattle, Wash. (206) 546-5161.

NOW AVAILABLE FROM STOCKING DISTRIBUTORS. NEW YORK: AVNET ELECTRONICS, WESTBURY, LONG ISLAND, (516) 333.5800. OHIO: SHERIDAN SALES CO., CINCINNATI (513) 7615432
ILLINOIS: MAGNUSON ELECTRONICS, INC., CHICAGO, (312) 622-6322, TEXAS: NORVELL ELECTRONICS, INC., DALLAS, (214)357-6451. CALIFORNIA: AVNET CORPORATION, CULVER CITY, (213) 870:0111
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hetter instincts

for the aircraft
of the 10's

AVIONICS & FLIGHT
CONTROL SYSTEMS

ENGINEERS WORK ON
L-1011 & VS(X)

Outstanding orders for L-1011’s
total 176 —over $2-billion worth.
And Lockheed has just entered the
contract definition stage —with
one competitor—on the VS(X).
Both are long-range programs,
likely to extend well into the 1980’s.
Work is progressing on the design
of avionics and flight controls
systems —the guiding instincts of
these two new-generation aircraft.
Lockheed needs engineers
qualified to create these systems.

Positions are open at all levels in
the following areas: automatic
pilot/ director systems, speed
control systems, stability
augmentation systems, stall
warning systems, inertial and radio
navigation systems, radar systems,
primary flight control systems,
all-weather landing systems,
primary flight control servo and
actuator systems, attitude and head
reference systems, flight
instrumentation and advanced
display systems, air data systems,
communications studies. Naturally,
an appropriate degree and level
of experience are required of
applicants.

Join the most talented
engineering staff in the industry.
Send your resume to Mr. C. R.
Alexander, Professional Placement
Manager, Dept. 3710, 2416 N.
Hollywood Way, Burbank,
California 91503. An equal
opportunity employer.

LOCKHEED-CALIFORNIA
COMPANY

A Division of Lockheed Aircraft Corporation

CIRCLE NO. 722 ON
ENGINEERING PLACEMENT CARD
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Gunn Diodes Working in Series

ScHENECTADY, N.Y.—Under certain
conditions, physicists at GE’s Re-
search and Development Center have
found that Gunn-effect diodes can be
operated successfully in direct, diode-
to-diode series electrical interconnec-
tion. In experiments, as many as four
GaAs Gunn-effect diodes were suc-
cessfully operated in direct series
connection. GE claims that this is the
first demonstration of series opera-
tion of Gunn diodes—an operation
thought to be impossible until now.

Successful series operation of Gunn
diodes may make possible the devel-
opment of a high average power solid-
state microwave source that can pro-
duce many watts in the 10-GHz range
with the efficiency of a single diode.
Such devices could power phased-
array radar systems, hand-held radar
equipment and microwave relay com-
munication networks.

Important practical advantages of
series operation include its ability to
tailor net impedance of the series
array to meet external circuit re-
quirements and the availability of
efficient heat sinking of the active
volume of GaAs.

The impedance flexibility compares
to the simple parallel operation of
diodes, which always reduces net gen-
erator impedance. Heat sinking of
series-parallel structures can be more
efficient than the high power LSA
(Limited Space-charge Accumula-
tion) devices because the active vol-
ume of a series-parallel array can be
filled largely with metal heat-sinking
paths. Once the heat is conducted out
of the cluster of diodes via these me-

Two Gunn diodes are mounted between
metal wafers, which provide electrical
contact points and act as heat sinks.

tallic paths, it can be conducted to
cavity walls through an electrical
insulator such as BeO.

The key to successful series opera-
tion of critical diodes is the preven-
tion of complete high field domain
formation in any diode in the series
string. This is done by operating
series-connected diodes in a tuned
circuit at a frequency higher than the
transit time frequency. Conditions on
the bias level, impedance presented
to the series array by the tuned cir-
cuit and the degree of matching be-
tween individual diodes also must be
met. Because the matching condition
is broad, diodes that differ by as much
as 20 percent in doping density can be
operated in direct series connection.
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Sampling oscilloscope traces of diode RF
currents compare operation of one Gunn-
effect diode with two devices in direct
series connection. A single diode and
series-connected diodes operate under
identical circuit conditions. Applied bias
is six times threshold value for a single
diode. Frequency of operation varies as a
parameter over the range of 2.10 to 1.35
GHz. The single diode oscillates for all
values of n /f in this frequency range—
where n, is the diode’s equilibrium doping
density. The two series-connected diodes
cease coherent oscillation when n /f be-
comes too large. Lack of coherent oscilla-
tion indicates that one diode of the series
pair has captured most of the applied
bias voltage. The second diode acts as a
positive resistor and reduces net circuit
Q to the point where LSA operation of the
overbiased diode is not possible. The
overbiased diode generates noise.
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We're pt afrai
to say it out loud:
‘Value.’

WHY BE MODEST WHEN OUR CARD-EDGE CONNECTORS COST SO LITTLE?

What's your most expensive component? Failure. But

that's what you don't get with our Card-Edge Connectors. And because
they're competitively priced, they're the industry's great value. What
else do you get for your money? MIL-Spec designs. 6 to 100 bifurcated
or non-bifurcated contacts at .100”” to .200” spacing; single or

dual readout; for wire wrap or other terminations. Insulators

with or without extended p.c. card guides. A new Series, too,

with single cantilever contacts, with noses pre-loaded for

maximum performance. And . . . here's something you can’t

buy for love or money: our Card-Edge Connector Guide. ELco
It's free, when you write, wire, call or TWX =
Elco Corporation, Willow Grove, Pa. 19090; c (0] rp ora t ion

215-659-7000; 510-665-5573.

P.S.—FREE SAMPLE? Let us know after you read our literature.
We'll be delighted to send you one.

CIRCLE NO. 28
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AGASTAT®
TIMING
RELAYS

Tough
to set
the time?

No!
Just
dial it}

ADVANTAGE: Change time periods quickly and accurately,
to suit your needs!

You may have thought that to get the advantages of a pneumatic
timing relay, you had to sacrifice ease of setting. Like use
a screwdriver to set a needle valve, for example.

Not with an Agastat timing relay!

This unique unit features a sealed head with an exclusive, accurate
time-calibrated dial. There's no needle valve—instead, air
recirculates under controlled pressure through a linearly

variable orifice. You get instant recycling — smooth adjustment
—long service life —under severest conditions. And it's all

done with just two moving parts—no gears, clutches,

or other parts to give trouble!

But that's not all! Agastat timing relays give you AC or DC
operation; on-delay, off-delay, or both; custom-designed switch
mechanisms; upright or Panelmount models —and the trouble-
free performance for which Agastat products are famous! Write
today for complete specifications. Address: Dept. EDN-A43.

AGASTAT vvision
ELASTIC STOP NUT CORPORATION OF AMERICA, ELIZABETH, NEW JERSEY
) (N CANADA: ESNA LIMITED, BOX 250, AGINCOURT, ONTARIQ
CIRCLE NO. 29
42

PC Engraver
Eliminates
Chemical Etch

Los ANGELES — A sleeper at the recent
WESCON exhibit was a photocell-
controlled turning lathe designed to
machine copper-clad circuit boards.
Two identical drums are mounted
between the lathe centers. One is
scanned by a fine-beamed photocell.
The other is exposed to a fine electro-
mechanically driven cutting tool.

The desired pattern, drawn in pen
or pencil, or printed, is attached to the
scanning cylinder. A blank 1/16-in
copper-clad epoxy or fiber-glass cir-
cuit board is mounted on the cutting
drum. Both scanning and cutting
heads traverse incrementally, mov-
ing on the axis approximately 3 mils
with each turn. When the photocell
sees white, the cutter advances, trim-
ming the copper from the board.
Black on the pattern causes the tool
to retract, leaving copper on the
board.

Advantages of the use of this ma-
chine, dubbed the Direction Cir-
cuit Engraver by the manufacturer,
Graphic Electronics, Inc., of La Salle,
Ill., are:
® No chemical etching required.
® No camera.or darkroom needed.
® No special skills required.
® Operation is fully automatic once
initial adjustments are made.

The machine will cover approxi-
mately 720 in?’’h—slow by etching
standards—but the card is ready for
use as it comes off the drum. For
single cards, or small runs, cost is
much lower than that for the photo-
etching techniques. With care, 5-mil
line widths can be reproduced.

EDN October 1968



plastics mold design
can be a dirty word...

If you are checking out engineering thermoplastics for a new job coming up,
we can show you ways to save time, temper and tool-up costs. We’'ll show you
evidence of how MERLON® polycarbonate or TEXIN® elastoplastics can give you a
functional edge over just about any other thermoplastics you can name. ll We'll
talk to you about flow characteristics, melt viscosity, critical temperatures and
a multitude of other processing variables that should be taken into account
before production economics are pinned down or a material selected. M Anytime
you have a mold design problem is a good time to call us—before you have a

problem is even better. 412 923-2700.

MoBAY CHEMICAL COMPANY

CODE EA-108 . PITTSBURGH, PA. 15205

CIRCLE NO. 30




LE2Y CoMpONENT CAPSULE

New 3 amp
hermetic A15
replaces costlier
rectifier diodes

GE now offers a higher
rated companion to its
field-proved, 1 amp Al4
rectifier at a signifi-
cantly lower cost than
other stud or lead
mounted units (depend-
ing upon configuration).
The A15 is rated 3 amps
at 70°C and the 200 to
800 volt models are

transient
tected up to 1000 W for
20 4S in reverse direc-
tion.

Al5's dual
design means low ther-

voltage pro-

heat sink

mal impedance. Easy
adaptation of axial leads
to PC boards reduces in-
stallation cost below
stud mounted units.

Both the A15/A14 are
hermetically sealed in an
all-diffused, glass passi-
vated junction structure.
No internal cavity means
more resistance to en-
vironmental stresses . . .
thus increased reliabil-
ity.

High-power Al5 is
now available through
GE distributors for ap-
plications including
power supplies, battery
chargers, TV damper di-
odes, communication
equipment and small
portable appliances. Cir-
cle Number 281.

Microwave Circuit
Modules reduce design
cycles and improve
system performance

While producing lower
overall costs, these de-
sign benefits result from:
e Optimum integration
of active devices in
package form
e Over two decades of
microwave circuit
development

e The industry's most

Microwave
Circuit
Modules
(MCM)

advanced tube tech-
nology
MCM'’s used as: oscil-
lators, amplifiers, multi-
pliers, detectors, mixers,
etc. Available in a vari-
ety of individually de-
signed configurations.
Compare MCM features:
* Stable frequency per-
formance in severe ad-
verse environments
* Small size and light-
weights—as low as 1
cubic inch and 2
ounces with high pow-
er to volume ratio
* Fast warm-up—3 sec-
onds or less capability
High performance from
a single active device
GE is your one source
for full R&D backup,
critical testing experi-
ence and facilities and
an unequalled output of
highest performance ac-
tive components includ-
ing coaxial and planar
gridded tubes. Circle
Number 282

New benefits from GE’s
hermetically sealed
reed relays

Glass to metal seals and
steel housing now pro-
vide true hermetic en-
closure for reed relays.
The GE 3SBN reed re-
lay has:
e Increased sensitivity
e I[mmunity to mag-
netic interference
effect

e Very low thermal
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New 35S BN

emf's in contact cir-
cuits
® Protection of con-
tact capsules and
coils, because of
rugged construction
® A lower weight than
plastic encapsula-
tion
This new relay comes
in Form A, 1-6 poles and
Form C, 1-5 poles and is
only 0.350 inches high.
The relay is available
in a wide range of sys-
tem voltages and is
ideally suited for print-
ed circuit board appli-
cations.
For more information
Circle Number 283.

New low-cost
miniature indicating
lights ideal for limited
space applications

GE’s new, low-cost CR-
103HE indicating lights
are only 1'% inches long
and mount with a speed
nut in a ¥ inch diam-
eter hole — perfect for
applications where space
is at a premium.

Flush and cylindrical
lens types are available.
The cylindrical lens pro-
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’ CRI03HE

trudes only %; inch, and
is ultrasonically welded
for maximum strength.
Both are available in
four lens colors: clear,
amber, red and white.
Four body colors are
available: gray, white,
beige and black.

The standard light has
a 6 inch lead stripped
Y2 inch, but special
lengths are available.
Leads are staked into
the body of the unit to
insure that no move-
ment takes place inside
the light.

The CRI03HE is UL
listed for 120V, 240V, and
460V, and is ideally suit-
ed for applications where
visual display and ap-
pearance is important.
For more information
Circle Number 284,

GE computer-grade
capacitors offer
over 12

farad at 5 volts

New GE 86F500 High-
Capacitance computer-
grade capacitors now
provide up to 540,000 .f
at five volts (34,000 uf at
100 volts) in a single
case.

These enlarged-capac-
ity units are excellent
choices where large
blocks of capacitance

86F500's

are required—as in pow-
er supply filters, for ex-
ample. 86F500 units are
rated for continuous op-
eration at 65C or at 85C
with proper voltage de-
rating.

GE's new computer-
grade capacitors provide
highest capacitance per
case size, high ripple
current capability, low
ESR, long shelf and op-
erating life.

Units are available in
nine case sizes—diam-
eters 138" to 3", with
lengths up to 85"—for
operation up to 100 VDC.
Circle Number 285 on
your reader service card.



Versatile GE
meter relays are
ideal for hundreds
of applications

Including: temperature
control, equipment over-
load protection, “go—no
go" production line test-
ing, and alarm sounding
for a pre-selected value.

Accurate, repeatable
control action over the
entire scale is possible
because there are no
contacts on the unit's

Big Look® Meter Relay

indicating pointer to
cause mechanical inter-
ference. All units feature
automatic ON-OFF reset
control action. They eas-
ily adopt to manual reset.

No amplifier necessary.
The unit’'s solid-state
switch is connected in
series with the coil of
the load relay which op-
erates it directly. Stan-
dard 120-volt a-c opera-
tion means no special
power supply is needed.

The unit's “piggyback”
control plug-in module
design saves installation
time, and eliminates the
need for separate mount-
ing.

For complete informa-
tion about this meter
relay and GE's full line
of panel meters Circle
Number 286.

Computer tape reel
drives—one of
many applications
for these motors

The excellent commutat-
ing ability, fast response,
and long insulation life
of GE 3'%;, 4%, and 6%
diameter fhp motors
meet computer tape reel
demands for continuous
duty, low maintenance,
and reliability. And, ap-
plications don't end
here.

D-C Reel
Drive Motor

Stall torque ratings
from 3 to 120 ounce-feet
and higher and various
motor voltages span
many application needs.
This means these d-c
motors can be custom
tailored for almost all
peripheral equipment
needs.

Special mounting
flanges, brake mounting
arrangements on the
commutator end, and
shaft extensions can be
furnished to your re-
quirements. Also avail-
able: cooling air duct in-
lets at convenient loca-
tions. For more data,
Circle Number 287.

Here’s your key
to low cost voltage
stabilization

Every GE voltage stabi-
lizer supplies constant
output voltage to within
+1%, even with input
fluctuations up to 15%.
For special economy,
core-and-coil units pro-
vide the Ilowest cost
voltage regulation ob-
tainable. They help meet
tight space require-

AC Voltage Stabilizer

ments, make wiring con-
nections easier, and pro-
vide all the mounting
flexibility you can ask
for.

Voltage stabilizers are
available in rating from
15 to 15000 volt-amperes
in both standard and
custom-designed models.
Ask your GE sales engi-
neer for publication
GEA-7376 or circle maga-
zine inquiry card Num-
ber288for details.

Fill your needs for
sensitive temperature
control with

GE thermistors

Want extreme sensitivity
to relatively minute tem-
perature changes? You
get it with GE thermis-
tors (temperature-sensi-
tive resistors). These de-
vices also have tempera-
ture-compensating capa-
bility.

High sensitivity and
small size make GE
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thermistors ideal sensors
for SCR and transistor-
ized controllers.

Operation over a wide
temperature range per-
mits thermistors to com-
pensate the combined
effects of copper wind-
ings and temperature-
sensitive electromagnet-
ic core materials.

GE thermistors are
available as elements or
in a wide variety of probe
assemblies to suit your
applications. Circle Num-
ber 289 for more facts.

New circuitry

combines TVG's
in pairs for easy
HV crowbarring

New developments in
firing circuitry now make
it convenient to crowbar
high-voltage power sup-
plies by utilizing GE's
companion Triggered
Vacuum Gaps in tandem.

And what’s more—at-
taché-case size sensing
and firing circuitry is
now possible. A unique
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pulse transformer allows
fault sensing at ground
potential, even where
the TVG trigger is at high
negative voltage.

Use General Electric's
ZR-7512/13 TVG combi-
nation shown in the
sketch for protection at
45-KV, or other combina-
tions covering from 300
volts to over 75 KV. For
more information Circle
Number 290 .

FOR THE NEW IDEAS IN ELECTRONICS, look to General
Electric—your best single source for electronic components.

ELECTRONIC COMPONENTS SALES OPERATION

GENERAL &3 ELECTRIC



Who can meet your
silicon mesa power requirements?

Bendix, the power specialists, that’s who.

TO0-3 B-5000 B-5002
Series

For up-to-date techniques in fulfilling your silicon power = SOAR (Safe Operating ARea) specified. That’s important.

transistor design needs, mesa construction still leads the For when it comes to making rugged mesa power products,

way. That’s right! The well-proven, well-accepted power Bendix maintains its informed leadership.

mesa today fills more power sockets than any other Bendix doesn’t live by mesa alone. We also offer you:

approach. planar power devices, hybrid power circuits, state-of-the-

Bendix continues to provide you with an excellent range art radiation-resistant devices and power rectifiers.

of these very same mesa devices. We offer a wide selection Whether your application is military, aerospace, com-

of standard power favorites like the 2N3055 and 2N3771. mercial or otherwise, you can turn with confidence to

DTS series, too. Low-cost plastic devices are yours in our Bendix for your silicon mesa transistor requirements.

60-volt B-5002 series, with 14.3 watts Pt at 100°C case For application assistance or more information, contact

temperature. Even hybrid circuit compatible 35- and 60- the Bendix power specialist nearest you or write: Semi-

volt B-5000’s! Specially selected amplifier and switching  conductor Division, The Bendix Corporation, Holmdel,

transistors in our B-170000 and B-176000 series. All ar New Jersey 07733.

Bendix g Electronics

Chicago 312
Neck, N.Y.—H. >0
861-8350; Los Angeles—(21
nemede, N.J.—(609) 9 255(
973-2121; Ottawa, Ont.—(
723-3879.

14) 357-1972; Detroit—(313) 548-2120; East Northport, N.Y. fH.nry Friedman Co. (516) 692-2839; Great
7-1142: Gretnwuch Conn 203) 869-7797; Holmdel, N.J.—(201) 946-9400; Lexlngton Mass
anedpolls—(' 2) 92¢ >33, Orlando, Fla.—(304) 241-6559; Rochester N.Y.—(716) -

t ( , Inc. (206) LA 4-5170; Export—Cable: ‘*Bendixint,’”” 605 Third Avenue, Nww ank ( 212)

>.0. Box 508 (613) 829-1800; San Juan, Puerto Rico—Southern International Sales Co.

CIRCLE NO. 31
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Design Predictions

LOGIC ARRAYS
SHOULD WAIT FOR LSI

At no time in the past has the semiconductor industry
so uniformly described the products of 5 years hence,
but offered such confusing directions on how to get there.

Within the past 15 years the electronics industry
has witnessed the tremendous technical drive of
the semiconductor manufacturers with the resultant
obsolescence of technologies and products. Each
significant advance in semiconductor technology
has opened new opportunities for equipment manu-
facturers, particularly for those who made timely
applications. Eager to apply this route to product
success, they have become impatient with the prog-
ress of the semiconductor manufacturers. This is
most evident for those products of the next genera-
tion of IC technology, designated by the widely Texas Instruments Incorporated
accepted and ill-defined terminology of LS| (Large Scale Integration). The existing
confusion regarding LS| applications is largely because of the need for decisions in-
volving factors with very high uncertainties. Technologies, reliabilities, prices and
equipment practices are all interrelated and subject to unforeseen change, making
goals and timetables difficult to assess.

Thus, more and more equipment designers are pursuing evolutionary gains across
the entire spectrum of semiconductor digital products. But success can be expected
only from certain classes of digital products, i.e., storage, delay lines and input-output
functions where product definition, packaging and testing do not differ substantially
from standard IC practice. Evolution will not do for implementation of unique (every
program different) logic arrays where the software content is so much greater. For
logic arrays of 20 circuits and higher complexity, almost all will experience volumes
that are comparable to the end equipment. For the majority of programs this requires
annual production runs of only 100 to 1000 units of any array type. To amortize the
software costs at an effective economic level, a large complexity per array will be
necessary, i.e., 200 circuits or more per array. Thus, the only economical “near
future” solutions are existing IC packages or real LSI, leapfrogging MSI. There can
be exceptions: highly structured logic or high-volume requirements where either
the adaptations to standard IC practice or the volume base will allow evolutionary
product applications.

At this point in time there are only two methods with a “near future’’ chance of
achieving LSI complexities economically; these are MOS logic arrays and bipolar dis-
cretionary wired arrays (although other techniques may also prove out in time).

The confusing directions facing the design engineer can be characterized as
whether to pursue evolutionary gains or more bold advances in LSI. Although there
are areas applicable to the evolutionary advances, it is the solution to the logic
function that holds the key to the designer’s decision. The evolutionary approach
may involve least risk, but it will probably be the least satisfying in realizing the
potential of LS| over the next few years.
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The new
E.Scrooge Memorial

I-C "lest Library.

A T'T Supply Philanthropy

The new TI Supply Testing
Service gives you immediate ac-
cess to a large library of com-
monly used and standard test
programs. And they’re yours at
little or no cost when you use the
TI Supply Testing Service. These
up-to-date, fully computerized
programs can save you thousands
of dollars in setting up your de-
vice tests.

(Your comptroller will tell you

48

how the cost of software often
exceeds the cost of the equip-
ment when setting up your own
in-house test facility.)

If you need special programs,
TT’s team of experienced test en-
gineers can provide custom soft-
ware economically. The Service
is equipped to perform fully-
computerized tests on integrated
circuits, discrete components,
circuit cards, LLSI, and MSI. That

Il SUPPLY

includes not only dynamic, d-c,
and linear tests, but also burn-in,
extreme temperature and life
tests, and environmental tests.
Call (713) CA 7-3611, (516)
488-1900, or write for our bro-
chure to TI Supply Testing Serv-
ice, 6000 Denton Dr., Dallas, Tex.
75235 and check intoour o
test library. You’ll dis-
cover software at costs [7
even Scrooge would love.
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Trends

from Texas Instruments




MSI from TI
helps Friden cut costs
of “computerized” calculators

e e
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For the Friden 1151 Programmable
Calculator shown here, Tl supplied three

MSI arrays plus 153 DTL and TTL ICs, as

well as numerous discrete components (silicon
diodes, small signal transistors and power
transistors). These broad product-line capabilities
significantly reduced Friden’s procurement problems.



TI combined the equivalent of 93
gates in just three 24-lead MSI ar-
rays to help Friden engineers re-
duce package count, circuit boards
and overall costs of their new
1150 and 1151 electronic printing
calculators.

Three custom TTL ring counters
form the heart of Friden’s sophisti-
cated “computerized” calculators.
These MSI units recirculate all
arithmetic and memory informa-
tion handled by the machines. Since
June of 1966, they have been mak-
ing possible substantial reductions
in both costs and complexity.

Friden engineers tookadvantage
of TT’s broad IC capability to de-
velop a low-cost, single-chassis de-
sign combining both electronics
and printer in a single unit. They
packed up to 662 gates on only six
compact circuit boards by selecting
optimum combinations of multiple-
gate DTL and complex-function
TTL integrated circuits. This
single-chassis design not only

means lower manufacturing
costs, but also greater reli-
ability and convenience

for the user.
The high noise-
N immunity of
TI circuits
also provided
an unexpected
bonus. With both
printer and elec-
tronics combined in a
single chassis, Friden en-
gineers were concerned with
possible noise problems...but none
developed. Expensive noise-sup-
pressing design techniques were
therefore unnecessary, and fur-
ther cost reductions were realized.

As a result of these cost (and
space) economies, Friden engi-
neers were able to upgrade per-
formance without corresponding

Smaller circuit boards, made possible by MSI and multiple-gate ICs, enabled Friden
engineers to develop high-performance low-cost calculators, with both electronics and
printer in a single chassis. Here, R. A. Ragen, Friden’s Director of Engineering compares
a new MSI/IC circuit board with one of the larger functional equivalents required in an
earlier all-discrete-component model. In the pre-assembly checkout area (background),
an 1151 Calculator performs final screening of hundreds of circuit boards each day.

price premiums. Here are two cases
in point: The ‘“stacking” feature,
which allows retention of inter-
mediate answers; and the floating
decimal point, which permits the
user to preselect desired accuracy.
In addition, the 1151 is a program-
mable machine capable of “learn-
ing” up to 30 mathematical steps.

All this performance...at user
savings up to 50 percent over ma-
chines of similar capability!

Inthese and other ways, Friden’s
new breed of calculators help close
the gap between computers and of-
fice machines. They reduce the
time required for complex calcula-
tions and minimize operator er-
rors...yet they are priced far below
today’s least expensive computers.

Reliability is another bonus. The
marriage of an all-IC logic design
with a mechanical printer of
unique simplicity dramatically re-
duces maintenance.

Finally, broad total semiconduc-
tor availability—in volume —were
key considerations in Friden’s de-
sign and procurement decisions.
For example, gates are Series 15
830 DTL and flip-flops are Series
74 because this combination prom-
ised optimum performance/cost ra-
tios. And inspection of TI manufac-
turing facilities indicated capacity
sufficient to meet Friden’s high-
volume production requirements.

Cost...performance...size...avail-
ability...reliability...product sale-
ability. These are some of the ways
Friden benefited by using TI inte-
grated circuits in their new com-
puterized calculator line.

You can benefit, too. Join the
growing list of OEMs that are im-
proving their profits and building
for the future. Include o
TI integrated circuits in H
your new equipment de-
signs...today.

TEXAS INSTRUMENTS

INCORPORATED



Nine new TTL

decoders expand
complex-

SN5442/SN7442
BCD-to-decimal decoder.

ENE'RREE'N
meg

Active-low outputs. Fully com-
patible with all popular DTL
and TTL logic.

SN5445/SN7445
BCD-to-decimal decoder-
driver.

Active-low high-performance
outputs. 30V breakdown, 80
mA sink-current capability for
lamps, relays or memories.

SN5447/SN7447
BCD-to-seven segment
decoder-driver.

Active-low, open-collector
outputs. 15V breakdown, 20
mA sink-current capability to
drive indicator segments.

SN5443/SN7443
Excess 3-to-decimal decoder.
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Active-low outputs. Fully com-
patible with all popular DTL
and TTL logic.

SN54145/SN74145
BCD-to-decimal decoder-
driver.

Active-low high-performance
outputs. 15V breakdown, 80
mA sink-current capability for
lamps, relays or memories.

SN5448/SN7448
BCD-to-seven segment
decoder-driver.

Active-high, passive pull-up
outputs. For current-sourcing
applications to drive logic
circuits or power transistors.

SN5444/SN7444
Excess 3 gray-to-decimal
dlwdet.’

Active-low outputs. Fully com
patible with all popular DTL
and TTL logic.

SN5446/SN7446
BCD-to-seven segment
decoder-driver.
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Active-low, open-collector
outputs. 30V breakdown, 20
mA sink-current capability to
drive indicator segments.

SN5449/SN7449
BCD-to-seven segment
decoder-driver.

1

N i-‘ﬁun

Active-high, open-collector
outputs. For current sourcing
applications to drive logic
circuits or power transistors.

function line

These new monolithic decoders
give design engineers new oppor-
tunities to reduce costs and im-
prove performance of logic and
display systems. They couple the
high speed and high noise immuni-
ty of TTL with the overall econo-
mies of complex functions for a
host of new applications.

Four basic logic forms are of-
fered: BCD-to-decimal, excess 3-
to-decimal, excess 3 gray-to-deci-
mal, and BCD-to-seven segment.
Active-high and active-low logic
configurations are available.

All decoders have buffered in-
puts to reduce fan-in requirements
to a standard TTL load.

A choice of output configurations
are offered. Three of the decimal
decoders (SN7442-44) employ famil-
iar totem-pole outputs for high ca-
pacitive drive capability while two
others (SN7445 and SN74145) have
high-performance open-collector
outputs to drive display lamps or
relays. Two of the seven-segment
decoders (SN7446-47) can drive dis-
play lamps directly while two
others (SN7448-49) are designed to
drive large displays through ex-
ternal power transistors.

Two temperature ranges are of-
fered...full military (Series 54)
and industrial (Series 74).

All decoders except the SN7449
are available in either of TI’s 16-
pin dual in-line packages...the low-
cost plastic or the ceramic hermetic.
For space-critical applications, the
SN7449 is offered in the hermetic
14-lead flat package.

For data sheetson any or all these
new decoders, write on your letter-
head to Texas Instru- o
ments Incorporated,P.O. H
Box 5012, M.S. 980, Dal-
las, Texas 75222.

TEXAS INSTRUMENTS

INCORPORATED
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SOLID-STATE DISPLAYS:

WHERE TO US€ LED'S

Solid-state devices that turn electronic signals into
visible outputs are now commercially available. The
question is: where and how the designer should use them.

ROBERT CUSHMAN, Eastern Editor

If you start cautiously phasing solid-state display com-
ponents into your designs right now, you'll be aboard
what can’t help but be one of the biggest things in our
industry within 10 years. For electronics technology
sorely needs displays to make all of the nanosecond
gyrations of pennies-per-gate LSI logic mean something
to the rest of the world.

The solid-state components you have to work with
are principally LED’s or light-emitting diodes. These
now come in about every color but blue and can be
bought from $25 to $4 in quantity. These LED’s produce
a “glow” of light by the same cold electroluminescene
phenomenon that has become familiar in the older
“pseudo-solid-state” EL panels. But, while the EL
panels are excited to their luminescent state by an ex-
ternally applied and relatively high-voltage field, the
LED’s are excited internally merely by the flow of tens
of milliamperes through their junctions. This simplicity
of operation is what makes them so useful.

It is not that these solid-state components will auto-
matically guarantee better displays— for actually there
is a number of nonsolid-state contenders such as
gaseous matrices, liquid crystals, magnetic films and
certain lasers that may deliver superior displays. It is
rather that the growing dependency of our whole world
upon computer-driven displays demands rugged, com-
pact, fast-acting, highly fail-safe i.e., “solid-state”,
displays.

Right now the available LED’s have glaring short-
comings. They don’t emit much light (see box on bright-
ness), they are still much too expensive (though prices
should start dropping once the new plants under con-
struction by Monsanto, HP and others get under way)

Where to Start

Two places in displays where solid-state components
can be used right away, and one place where they
can’t, are shown on the man-machine console on the op-
posite page. This is the typical computer-driven display
that interfaces between the man and the machine in a
sophisticated modern system. It is the cornerstone of
many air-traffic, computer-aided design and process-
control systems.

The two places where solid-state light-emitting com-
ponents should be phased into this display either in the
form of LED’s or EL’s are illustrated on the opposite
page.

1. Individual indicator lamps: LED'’s are ideal for
panel indicators. They can be driven directly from IC
logic gates. They are less apt to fail without warning so
don’t necessarily need to be mounted in redundant
pairs. They come complete with their built-in color
filters.

2. Area lighting on panels: El's are ideal comple-
ments for LED’s when it comes to providing area light-
ing. They are perfect for soft backlighting around con-
trol knobs and making annunciator nomenclature
readable. (Their application will be covered more fully
in a future issue of EDN.)

The one place on a display where an engineer should
not spend too much energy trying to apply LED’s at
this time is the central CRT display.

3. Central graphic display: Neither LED technology
nor any other technology is as yet anywhere close to
replacing cathode-ray tubes. Eventually there will
probably be a solid-state replacement for the CRT, but

(Continued)

Where Solid-State Display Components Can and Can’t be Applied:
In this typical man-machine console, we divide the lighted dis-
play elements into three classes: (1) the point-sources that are
naturals for LED’s, (2) the area sources that are naturals for
EL's and (3) the central CRT display that cannot as yet be re-
placed with LED or EL techniques.

and some of them gradually wear out.

But they have outstanding virtues, too. They respond
at electronic speeds. They can be very small. They don’t
mind shock and vibration. Some can stand high tem-
peratures.
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Understand LED limitations . . .

engineers working on systems with delivery dates in
the next few years had best not wait for it. (A survey of
the problems that prevent the early appearance of a
solid-state CRT replacement will appear in a future

issue of EDN.)

A lot of design work lies ahead in the display field.
Often the display will be so alive with electronics and

so intimately tied to the computer that it will become
the focus of the whole system design.

Few of the displays shipped in the next few years will
use may solid-state light sources, but eventually it’s a

good bet few displays will be shipped that won’t be all

panel.

solid-state, even down to the last flat screen graphics

THE BRIGHTNESS PICTURE

Brightness can be the overriding factor
in a decision of whether or not to use
solid-state displays. Present LED’s don't
put out much light. Fortunately, many of
the most important man-computer dis-
plays don’t require much light.

The picturegraph to the right stacks
up the brightness levels of various envi-
ronments against the brightness levels
of various light sources. Up is bright;
down is dark.

The brightness unit is the foot-lambert
(fL), which measures how bright sur-
faces appear to humans. It is analogous
to the decibel, which measures how loud
sounds seem. Like human hearing,
human vision takes in quite a dynamic
range. going from 10-¢ at which surfaces
are too dark to see up to 10+ above
which the eye may be harmed.

Most of the surfaces from which we
gather visual intelligence have bright-
nesses in the 1 to 100 fL range. This
page probably has a brightness some-
where between 10 and 40 fL. But, in the
subdued light of a motion-picture the-
ater or in your auto at night, the screen
or dash can transmit intelligible symbols
at brightnesses ranging from 0.01 to 5
fL.

LED's, it can be seen, are substantially
less bright than most previous light
sources. They have surface brightnesses
in the 1 to 300 fL range as compared to
neons midway between 100 and 1000
and small incandescents going from
1000 to 10,000. Some recent GaAsP
LED's are showing brightnesses of 1800
fL but it must be remembered that the
light is coming from a very small area.
The 15-mil chips can be magnified toan
apparent spot size of 30 mils by the lens
without loss of brightness, but this is
much less surface area than most com-
peting light sources.

But this very low brightness makes
LED’s perfect to use as indicators that
are viewed directly. There is no need to
throw away light (and heat) in filters as
the LED’s emit in some of the standard
display colors. Actually, the solid-state
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lamps are much superior at low lighting
levels for they can be dimmed linearly
and their very fast switching speed does
not degenerate as they are dimmed
(some incandescents are exasperatingly
sluggush on turnon and turnoff when
run at reduced levels).

This chart hints strongly at the most
likely type of applications for solid-state
light sources. It points toward those

man-machine display consoles that
would be used in an intentionally sub-
dued ambient light level. Here, the lack
of brute concentrated candlepower or
brightness in present solid-state light
sources is not so severe a limitation, for
as one wag in the display field put it,
“When operators get into intimate rap-
port with advanced graphic consoles,
they tend to turn the lights down low.”
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SOLID-STATE DISPLAYS:

GeTTING TO KNOW LED’S

LED’s or light-emitting diodes are components that every
designer should get familiar with right away. Overnight,
it seems there are enough companies putting out LED’s with
reasonable light emissions and almost reasonable prices to
make a number of premium display applications feasible.

Take a bare gallium-arsenide-phosphide diode chip.
It looks much like any of the familiar silicon or germa-
nium diode chips. It has the same dull metallic hue
(depending on how the light strikes it). Attach some
leads and put the gallium-arsenide-phosphide diode in-
to a curve tracer and the trace will look like any germa-
nium or silicon diode except the lift-off or knee voltage
will be higher and the reverse voltage breakdown
might, for some devices, be alarmingly low.

But then take a look at the GaAsP chip itself through
a magnifying glass while applying a slowly rising dc
forward bias. As the current starts to build up beyond
the 1.4 knee voltage, you will
see a faint reddish glow begin
to appear on the sides of the
chip at about where you’d ex-
pect the junction plane to be.

This is at about 1-mA cur-
rent. Continue to raise the volt-
age and the glow will become
brighter and spread all over the
diode (typically a 20-mil chip).
At about 10-30 mA, you’ll want
to dispense with the magnify-
ing glass as the light from the
chip will be quite bright. With
the bare eye you no longer see a
chip with a glowing surface but
a tiny pinpoint source of light.
At 100-200 mA the pinpoint
will dazzle and become uncom-
fortably bright if viewed too closely. Raise chip be-
yond 200 mA forward current and it will heat up and
destroy itself.

Do the same with a SiC chip and you’ll see a yellow
light. Fig. 1 shows both SiC and GaAsP.

Fig. 1 — LED light output. The red Monsanto GaAsP
(right) is operating at about 1.5V and 10mA. The
yellow General Electric SiC (left) is operating at
about 5V and 100 mA. The GaAsP is running cool
but the SiC is running hot. The GaAsP is a pas-
sivated die covered by a dropped-on epoxy lens
that magnifies its chip spot size. The SiC is just a
bare, unpassivated chip on a header.

The characteristic curves for GaAsP and SiC LED’s
are shown along with typical germanium and silicon
diodes in Fig. 2. The visible spectrum is also shown in
Fig. 2 with arrows to show where the light from GaAsP
and SiC LED’s falls. Remember that the visible spec-
trum means those frequencies seen by the human eye.
The eye is like a detector preceded by a bandpass filter,
the filter having the shape of a curve at the top of Fig. 2.
This simple biological fact can cause a great deal of
confusion when comparing LED’s for display use. For
example, GaAsP may put out more radiant energy at
its red frequency than SiC, but SiC looks just as bright
to a human observer because
his eye favors yellow.

Observe that there is a rela-
tionship between the frequency
of the light emitted by an LED
and its knee voltage. The higher
the knee voltage the higher the
frequency of the emitted radia-
tion. Ge and Si diodes emit radi-
ations, but with their much
lower knee voltages the fre-
quency of any radiations would
be way below the eye’s spectral
response. (And actually various
internal physical problems in
these familiar materials cause
them to give off more wideband
heat than useful near infrared
emission.)

What happens inside an LED is that the forward cur-
rent flow “pumps” electrons up to the conduction energy
band and from this unstable state the electrons fall
back, recombine with holes and emit light. (As will be
remembered from elementary physics, falling electrons
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Bandgap energy determines color . . .

EYE'S
RESPONSE

Dashed lines show actual
emissions due to indirect
nature of emission.
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Fig. 2—The orderly relationship between
COOLING

LED knee voltages and emitted color. This
helps the designer apply these devices.
0t----F--pt g O There are, however, exceptions to the
relationship and the dashed lines for
; SiC and GaP point out two of these.
i Impurities in materials cause their
o emissions to be at lower frequencies
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: expected from their knee voltages.
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16k show how impurities in these materials
can lower the output frequencies. The
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are the universal source of light, whether from hot
sources such as fire, incandescent bulb filaments and
the sun, or from these cold “luminescing” sources. The
only thing that differs is the means for staging the
electron’s tumble.)

The particular light frequency or color emitted de-
pends on how far the electrons fall. How far the elec-
trons fall is determined by how far up they are raised
by pumping. And, how far up they are raised depends
on the bandgap energy level separating the valance
band (where the electrons originally resided) and the
conduction band. Fig. 3 shows this relationship be-
tween emitted light frequency (in terms of wavelength)
versus the basic bandgap electron volts of the various
materials. The numerical value of the knee voltage in
Fig. 2 happens to be just a little lower than the numer-
ical value of the bandgap energy in electron volts.

These simple relationships between LED knee volt-
ages and the colors that they emit helps to organize the
designer’s approach to using these devices into cir-
cuits. It may, as will be shown later, lead to some inter-
esting voltage-to-color schemes for future indicators.

Some Important Exceptions

Unfortunately, it isn’t quite as simple as we have
made out. The problem is that not all materials per-
mit the electron to fall all the way across the forbidden
gap region in one tumble. Impurities in the forbidden
region give the electron stopping-off places and the
resulting shorter tumbles of the electron cause the
emissions to be of correspondingly lower frequencies
(or longer wavelengths). Thus, the dashed lines in
Figs. 2 and 3 show that SiC, which should, by the size
of its 3 eV band gap, emit blue, actually emits yellow
and GaP, which, with its 2.3 eV bandgap, should emit
green, also can be found emitting colors as low in fre-
quency as reds.

The shortest wavelength the material (or mixture of
materials in the case of GaAsP) could emit is given by
its bandgap energy in eV and the knee voltage will al-
ways relate to this. However, various amounts of
doping may shift the emission of certain materials to
longer wavelengths. Researchers in the LED field
generally prefer direct all-the-way action, as in GaAs
and mixtures of GaAsP with lower than 44 percent P,
as they think this gives the highest radiating efficiency.
But the direct materials are hard to come by.

Right now the colors in which LED’s are available
are mainly red and orange (from GaAsP), green (from
GaP) and yellow (from SiC). Monsanto, RCA, TI, GE
and HP make various GaAs-based LED’s. GE and Nor-
ton make SiC LED’s. But many other companies, such

as Sylvania and Sprague, are known to be interested in
these light-emitting materials, so expect many new-
comers to become LED sources. Also expect that LED’s
will be made from other material combinations and, so,
will generate other colors.

There is, incidentally, one exception to the orderly
relationship between output color and knee voltage.
This is the green LED just introduced by General
Electric. GE “cheats” and uses a GaAs infrared diode
and coats this with a green phosphor. The invisible
emission of the GaAs diode stimulates the phosphor
coating to radiate the green.

How Much Light?

So much for LED physics. Despite the mind-boggling
atomic phenomena going on inside, these little devices
are exceptionally easy to use. Your first application
question will probably be: how much light do they put
out? The box on brightness on the previous page was a
start but some more specific examples may help.

At 5 mA Monsanto MV10B3 GaAsP puts out enough
light to be used as built-in circuit troubleshooting
aid. At 10 mA, as when powered from a 1-1/2V cell, it
puts out enough light to be at least marginally useful
as an indicator outdoors as long as it is shaded from
direct sunlight (see Fig. 1). If unshaded in the direct
sun, the diode washes out and all you’ll see, if you
squint right at the die, is a dull red chip.

At night this LED powered by a 1-1/2V cell and run-
ning at about 10 mA can be seen for 500 ft. Here, the
clear epoxy focusing lens produces an attention-getting
sparkle. At 50 mA it would be five times brighter be-
cause the light output beyond the knee voltage varies
linearly with current.

The point to understand, though, is that LED’s, like
the EL’s to be discussed later, are really only suited
where their light goes directly to the viewer and the
viewer sees this light as standing out in a subdued
surrounding. These solid-state sources are as yet not
really suited for applications where their light reaches
the viewer after reflecting off a secondary surface.

What Shape Beam?

A corollary to the question of how much light is the
question of what shape or geometry is the LED’s light.
This depends on the chip configuration and mounting.
Fig. 4 shows several prevalent LED configurations.
Configuration 4a is the most common. Here, though
the light is generated at the junction, it comes out all
over the die surface. Often a bubble of clear epoxy is
dropped on the die to adhere to it and harden into a
spherical lens. This alters the index of refraction at the
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Device geometry determines light geometry . . .

surface, lets more intefnal light get out and then focuses
the light into a narrower beam.

In configuration 4b the light only comes out at the
junction. Norton’s SiC is like this. Norton purposely
grows a dark, thick P layer on top so the light emission
is restricted to a narrow line at the junction. GE’s SiC
(shown in Fig. 1) emits all over because its more trans-

parent N layer is on top. Norton’s device is this way
because it was originally intended for marking photo-
graphic film.

The SiC is so inert chemically that it can be brought
right up to photographic emulsions for contact printing
digital (or analog) data. Now it is found that the same
fine line can be useful in visual displays.

TYPICAL
DEVICE

[

TYPICAL
DEVICE

.

@ LIGHT COMES OUT AT JUNCTION ONLY

PRECISION-CLEAVED AND POLISHED
SURFACES

TYPICAL £
DEVIC

@ LASING LED-BASIC CHIP

Fig. 4—LED chip structure determines the manner in
which junction-generated light is radiated from diode.
(a) Conventional LED's have flat chips. Junction light
is emitted all over, through the thin translucent ma-
terial (an epoxy lens can help get this light out and in
usefully focused shape). (b) Thick SiC chips with dark

P layers on top only allow the light to come out where
the junction is exposed. (Fortunately, SiC LED’s don’t
need the passivation protection so vital for lower
bandgap materials.) (c) Laser LED’s must have pre-
cise surfaces to reflect the light internally. They
can be dangerous as display light sources.
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The 4b configuration is intended for lasing. Here the
edges are cleaved to form precision reflecting surfaces.
Then, if the junction current is driven to a sufficiently
high level—say 5 to 100A —the initial LED light
bounces back and forth between the mirror surfaces
and stimulated or lasing emission occurs.

Lasing versions of infrared and visible spectrum
LED’s are beginning to appear. But, as might be ex-
pected, their need for precision shape makes them
many times more expensive than ordinary LED’s. Also,
cooling becomes a major problem if they have anything
but very short duty cycles, and there is always the very
real danger of eye damage to the user. An example of
an application where one might want to use a lasing
LED in a display is where a light beam is to be scanned
over a screen surface as in Fig. 10.

How Much L.ife?

The question of how long an LED will keep emitting
at its original level of light is something that only
time will tell. Early GaAsP devices were said to have
decaying light outputs with time. Present devices are
said to have more truly solid-state, unchanging char-
acteristics, but still their makers mumble about half
lives of 10,000h.

SiC devices show such remarkable inertness in face
of temperatures and chemicals that makers such as
Norton have their fingers crossed that their devices
will not show any light decay. The problem is that, with
devices as new as these and with only 8000h a year, it
will be a few years before anybody really knows. Mean-
while, this lack of reliability documentation is sure to
slow up the penetration of LED’s into the one market
they are seemingly best suited for —aerospace vehicles.
(Monsanto tells EDN it is no longer mumbling about
GaAsP lifetime, as its accelerated lifetime tests have
by now shown a 100-years-to-half-brightness capability.
Monsanto also expects its new planar process to elim-
inate the rapid decay of light output during the first
few hours of device burn-in.)

Using LED’s in Circuits

The simplest way to put LED’s to work is just to con-
nect them to existing circuits. Quite often an LED
with a series resistor can be connected right across any
logic gate or amplifier output that has the sufficient
voltage swing and sufficiently low impedance to drive
the LED. Fig. 5 shows some arrangements EDN tried
with familiar logic families. In the case of the T2L
circuit, a test (see Databank, Ref. 1) was made to check
if the LED capacitive and resistive loading affected the
circuit speed. Loading was found to be negligible.

+3V 100 ohms

N

RTL
(Fairchild)
500-1000
ohms
Z
DTL

(Westinghouse 200)

TTL
(Fairchild)
270 ohms
%
+12V
‘ MOS
| X (RCA, Complementary)
‘ -
Q ~ ALTERNATE
| ~ POSITIONS
| - Tk- 10k
5 5
>
<
1 P
4
E 3
T
| [
ECL
6V (Motorola MECL-I)

Fig. 5—LED’s driven directly by IC logic. Many of
the common IC logic family gates will drive LED’s
directly. Usually, it's just a matter of placing the
LED across the gate output, with a series resistor
to take up the voltage slack.
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LED’'s mesh naturally with existing circuits . . .

This suggests the use of the very fast, 10-ns response
of GaAsP LED’s for optoelectronic links as well as for
indicators. GaAsP is not as good a match for the fast
silicon photodiode pickups that would be needed at the
other end of the link as GaAs IR diodes but they will
work. Such optical links could be used to circumvent
cabling delays, to provide isolation between sub-
systems or just to avoid having to connect some auxil-
iary indicating circuit into an important main system.

There will be many situations in which LED’s will
be used to complement existing display components,
either as backups for critical signals or to provide
greater depth of communication. For example, in Fig. 6
the LED in the center of an EL-panel indicator gives a
momentary flash whenever some transient event
occurs while the EL panel gives an integrated indica-
tion of how frequently and how recently the LED
flashed. This could help a traffic controller keep tabs on
relative “busyness” of a number of streets at the same
time.

Circuit Tricks with LED’s

The fact that LED’s are both semiconductor diodes
and light sources suggests some novel circuits for these
devices. For example, in Fig. 7 two LED’s are used at
the input of the amplifier as combined signal limiters
and indicators. At low signal levels the LED’s properly
present a high impedance to the signal and don’t inter-
fere. But, if the signal goes past the LED’s knee voltage,
they clip the signal by shunting it to ground. At the
same time, they light up to warn the operator that he’d
better attenuate the input. The LED’s are purposely
stuck through holes in the panel where they peep out

in the center of their diode symbols.

Thus, the operator has a highly functional indica-
tion of system operation. He can see by the manner in
which the LED’s light up whether the peaks are con-
tinuous or transient and, according to which diode
lights up, what the polarity of the transgression is.
Many of the indicating tricks performed at high volt-
ages by neons can be done at IC levels.

Two different types of LED’s could be used together
to indicate, by their different colors, whether a voltage
was between proper limits. For example, in the bias
input to the amplifier in the figure (say it was an instru-
mentation tape-recorder amplifier), a red GaAsP LED
could be used to indicate when a lower 1.4V level had
been reached and a yellow SiC LED could indicate
when an upper 2V level had been reached.

To make things very easy for even the least skilled
operator, the red GaAsP LED could be placed at ap-
proximately that point in the knob turn where it should
light up and the yellow SeC LED could be placed where
it should light up. Then it would be almost an uncon-
scious procedure on the operator’s part to turn the
adjustment up until the red indicator lighted up, but
not so far that the yellow lighted up.

A Natural Calibration

Simple as the adjustment would be, it would give the
designer of the instrument an unusually high confi-
dence that, as long as the LED’s were operating, the
operators would be keeping the bias adjustments with-
in approximately correct bounds. Part of this confidence
would be because of the fundamental relationship
between the LED color and the voltage it indicated. In

LOGIC GATE, ETC.

(Analog Devices 183)

Fig. 6— LED’s complement EL’s. These
two solid-state display components
are shown working together in a two-
level traffic-density indicator. The
LED flashes each time a transducer
indicates a vehicle has passed, while
the surrounding EL panel maintains
(via the op-amp integrator) a trailing
memory of how many times and how
Cl06B recently the LED was excited. The EL
also backlights the nomenclature, tell-
CD ing what is being sensed. (Note the re-
mote-base configuration for the SCR

driving the EL in full-wave fashion.)
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Fig. 7—LED’s work well with analog. Here, LED’s are used
to monitor three different signals. The amplifier would
be close behind this instrument panel and the LED’s placed
in holes in the panel so the user would be actually “seeing
the circuit in action”. See text for explanations.

a crude sense it would represent a built-in lifetime
calibration standard for the instrument (especially if
the LED’s were of the direct-transition types).

A final use of LED’s in the instrumentation ampli-
fier example of Fig. 7 is shown at the output. Here a
General Electric green unit is used for a green “GO”
signal, and a red GaAsP unit is used for the “STOP”
signal. In this case the green color is not fundamentally
related to a knee voltage because the GE green LED is
really (as was explained) a GaAs infrared emitter excit-
ing a coating of green phosphor. Thus, this green LED
would have a knee voltage of around 1V while the
GaAsP red LED would have its customary 1.4V knee.

Naturally, by use of simple resistor divider networks,
etc., the actual circuit voltages could be larger than the
actual LED voltages.

If the designer wanted a red “STOP”, an amber
“CAUTION” and a green “GO” color combination that
would go uniformly upward on the knee-voltage scale,
he could use a low-mixture GaAsP for the red, a higher
mixture (more phosphorous) for the orange-yellow of
amber and GaP for the green.

Using LED’s in Small Arrays

LED’s can be quite effective when used together
in small groups. Alphanumeric readouts are within
grasp by this approach. The designer can mount many
different combinations of LED’s (mixing colors and
device types if he chooses) to make up special arrays
of LED dots or bar segments that he can selectively
light up to form a wide variety of simple messages and
picturegrams.

Fig. 8 shows a 5-character alphanumeric readout
built as a feasibility demonstrator by Martin Marietta
Corp.’s Denver Div. “It took us $1800 worth of LED’s
to get the display but, as anybody can see, it demon-
strates that LED’s can produce an entirely acceptable
system from about every aspect except, as yet, the cost,”
said John Goodwin, Martin project engineer.

Martin used five 7 by 7 matrices, one for each of the
letters displayed. Small 1/10-in-dia GaAsP diodes by
Monsanto were used. They were inserted in holes
drilled in a single-sided PC board and their cases,
which carried their anode currents, conductive-epoxy-
cemented to the foil side of the board. Their single
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Fig. 8— Martin’'s LED readout gathered the LED’s into groups of line seg-
ments and drove these with single transistors for each group. Diode logic
in the driving circuit (a) enabled different groups to share the LED’s they
had in common. Phato of demonstrator with lid up shows surprising amount
of circuitry that was needed as well as the size of the power supplies.
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coaxial leads that carried their cathode currents pro-
truded out from the back of the board.

Because this was to be primarily an alphabetical
display, some of the 49 diodes of the matrix could be
omitted. A second simplification was that groups of
diodes were driven together. The segments Goodwin
selected to form letters of the alphabet are shown in
the illustration. For example, note that to form the
letter “L”, one would switch on group 1, which lights up
diodes 1 to 7 on the left-hand column, and group 3,
which lights up diodes 7 to 28 on the bottom row.

Each of the 10 groups has a circuit configuration
like the one shown. A single transistor switches the
group’s diodes in parallel. A series resistor, R, adjusts
the LED’s to 1.6V, 10 mA, at which level they put out
50 fL of light.

Note, however, that most of the segments share
diodes. For example, LED 7 is shared by groups 1 and
3. Ordinary signal diodes (in “OR” logic connections)
permit either group to turn these shared LED’s on.

The rest of the Martin system includes a keyboard for
word entry, three storage registers, and a clock and
decoding system for automatically stepping each word

into the display, holding it there for 3s, then putting in
the next word. Such a display could be used to give an
operator simple sentences and commands one word at a

(A)Logic 2. (B)Logic + (5V dc). (C)Ground. (D)Logic 4. (E)Thin-film interconnec-
tions between LSI driver and LED’s. (F)Dielectric Substrate. (G)LSI driver chip.
(H)One of the 28 LED’s. (I)Logic 1. (J)Decimal point. (K)LED +. (L) Logic 8.

time. T?L logic is used throughout. The LED drivers are
discrete because by the time 7 LED’s are paralleled,
the current is up to 210 mA and it is just as easy to use
a discrete device (though there are many IC drivers
that could handle this).

The total system uses 20W. Though the individual
diodes only require 30 mA when on, the 200 LED’s, if
all on, could use 6A and would account for even greater
power. However, the normal combinations of diodes
used to generate alphanumerics never draw more than
a fraction of the total possible current.

Goodwin said the light output from diode to diode
seemed quite evenly matched though he had not pre-
selected diodes on this basis. But he believed, however,
that when arrays of LED’s are put into production, it
will be necessary to demand LED’s matched in both I-V
characteristics and light output. Otherwise, the human
eye, which is sensitive to brightness differences of 50
percent or more, might be able to detect hot spots in
the display.

Buying LED’s as Assemblies

Most of the companies selling LED’s either have
some sort of array assembly out as a product or are
doing development work on one. They appreciate the
market potential for the simple LED arrays that could

Fig. 9—HP's readout modules use LED chips mounted on
thin-film substrate. The discrete wiring forming the top
connections to each chip can be faintly seen as it jumps
from chip to chip. A single LSI driver IC (top) supplies the
exciting currents to all of the LED's.

be used for alphanumeric displays.

Hewlett-Packard makes a self-contained driver-LED
array package and will sell it for $50 per position. HP
lays down its discrete GaAsP chip on a substrate that
also carries an IC decoder-driver and thin-film inter-
connections (see Fig. 9). Most use LED’s in chip form at
this point in LED evolution because most people don’t
want to squint at symbols as small as the chip areas
found economical in IC processing. The separate LED
chips can be spaced out to form popular-sized symbols.
Actually, when the chips are running at 10-mA level
and above and they have little magnifiers over them,
they look much larger than they are.

Norton, however, makes some multiple LED’s on a
single chip. They put grooves down the length of their
devices to separate them into a half-dozen or so sep-
arate LED’s on one substrate. Because Norton’s LED’s
are inert SiC, they offer some interesting possibilities
to hybrid-circuit fabricators who wish to build their
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Someday there will be an LED CRT . . .

own special-purpose displays.

The SiC devices, even though they have no passiva-
tion, can be handled quite freely. They can be left bare
or potted directly into epoxy. It should be possible, for
example, to line a number of these elements up on edge
for a line segment display, holding them fixed in the
desired configuration by epoxy. The main problem
would be the electrical connection.

A Monsanto researcher, Stephen Fowler, believes
that his company has found the answer to making prac-
tical XY addressable arrays on single wafer slices.
From the few details he released it appeared that a
planar process would be used and that possibly the
viewing area problem would be solved by magnification.

One approach that does produce a CRT-like display
with LED’s is shown in Fig. 10. A rotating mirror
sweeps the video-modulated beams from a row of LED’s
across a ground glass. These LED’s could possibly be
lasers. They might even be IR devices that would excite
a phosphor on the screen.
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Fig. 10— Hybrid approach to solid-state TV is to
use a row of LED's and mechanically sweep this
row across a ground-glass screen. Each LED would
be fed the video modulation for its line during
the scan.

DATABANK

For general background on LED'’s, each of the following has
has something to contribute:

1. “The High-Brightness LED”, D. K. Hillman (Fairchild)
and G. E. Smith (Monsanto), IEEE Spectrum, January 1968.
A practical article that doesn’t spend much time on basic
physics of LED’s but gets down to analysis of specific devices
and their properties.

2. “Visible Light from Semiconductors”, Max R. Lorenz
(IBM), Science, March 29, 1968. Excellent — runs gamut from
basic physics to device practicalities.

3. “Semiconductor-Diode Light Sources”, M. R. Lorenz and
M. H. Pilkuhn (IBM), IEEE Spectrum, April 1967. Basic.

4. “Semiconductor Light Emitters”, F. Reid, Battelle Tech-
nical Review, March 1967, and reprinted in Solid State
Technology, April 1968.

5. “Luminescence in Semiconductors”, D. G. Thomas and
K. Galt, Bell Laboratories Record, March 1968. Covers physi-
cal concepts.

6. “Light-Emitting Semiconductors”, F. Morehead (IBM),
Scientific American, March 1967. Slanted toward LED lasers.

For product information of LED’s, write:

1. Monsanto, Electronic Special Products, 800 N. Lindberg
Blvd., St. Louis, Mo. 63166.

2. Hewlett-Packard, 620 Page Mill Rd., Palo Alto, Calif.
94304.

3. General Electric, Miniature Lamp Dept., Nela Park,
Cleveland, Ohio 44112.

4. Norton Research Corp., 70 Memorial Dr., Cambridge,
Mass. 02142.
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5. RCA Electronic Components, Harrison, N. J. 07029.
6. Texas Instruments Incorporated, Semiconductor Compo-
nents Div., Box 5012, Dallas, Tex.

For general background on displays:

1. “Display Systems Engineering”, H. Luxenberg and
R. Kuehn (editors), McGraw-Hill Book Co., New York, 1968.
One of the few comprehensive texts on displays.

2. “National Symposium on Information Displays”, (9th
annual volume published this year), Society of Information
Display, 654 N. Sepulveda Blvd., Los Angeles, Calif. 90049.
The proceedings of the meetings of SID, these volumes are
probably the best single sources for determining the progress
of the art. They lean toward computer-driven displays.

3. “The Scientific Basis of Illumination Engineering”, Parry
Moon (MIT), Dover Publications, 80 Varick St., New York,
N.Y. 10014, 1961. At the Dover paperback price of $3.25,
this makes a good “classical” reference work for anyone work-
ing with light. There is little to do with electronics, however.
4. “Biotechnology: Concepts and Applications”, L. Fogel,
Prentice Hall, Inc., Englewood Cliffs, N. J. 1963. Excellent
general book on human factors in man-machine systems,
with much useful quantitative data on human input channels.
In addition, the reader designing displays for military and
space applications will find experts knowledgeable in the
state-of-the-art in displays at the following government cen-
ters: NASA Electronics Research Center, Cambridge, Mass.;
USAF Rome Air Development Center, Rome, N.Y.; U.S. Naval
Research Laboratory, Washington, D. C.,and U. S. Army Elec-
tronics Command, Ft. Monmouth, N. .J.
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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

The
endless
line

personally handle your Helitrim
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Power 1watt @ 0.5 watts @ 0.5 watts @ | 1.5 watts @ 0.5 watts @ 0.75 watts @ | 0.75 watts @
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Not all latching relays
this small are reliable.

HL Latching Relay

This one is. Here’s why.

First, the design. No other half crystal case latching
relay, according to major users, can match its mag-
netic structure and its ability to meet the most strin-
gent specifications, :

Second, the meticulous production procedures we
follow (our Intensified Control and Reliability Pro-
gram) exceed industry standards, All assembly, ad-
justing and hermetic sealing are confined to our spa-
cious clean room, replete with sophisticated air con-
ditioning, laminar air flow work stations, ultrasonic
cleaners, a Royco particle counter and a double air
lock entrance. (

Third, realistic verification of performance —in-
cluding random vibration testing—is without dupli-
cation in the relay industry, For complete information,
talk with your local P&B representative or call Potter
& Brumfield Division of American Machine &
Foundry Company, Princeton, Indiana.

HL SERIES ENGINEERING DATA

Description: Dual coil, polarized, magnetic latching (Single coil,
polarized relays available on special order)

Contact Arrangement: DPDT (bifurcated, gold-plated silver-alloy)

Contact Rating: Dry circuit to 2 amperes @ 28V DC, resistive

Contact Resistance: 50 milliohms before life; 100 milliohms max. after
100,000 operations at maximum rated load

Expected life: 100,000 operations minimum at rated load

Pick-up: Dual coil—150 milliwatts (approx.)

Shock and vibration immunity:

Shock: 150g for 11 milliseconds No contact
Vibration: .195” D.A. fronf 10 to 55 Hz. opening in
30g, 55 to 3,000 Hz. either
Random Vibration: In excess of .4g2/Hz. armature
20 to 2000 Hz, position
Partial view of clean room where HL relays are
assembled, adjusted and sealed.
CIRCLE NO. 34

Sealing in controlled atmosphere fol-
lows cuation in va .

Hermetic seals of HL relays are verified
with radio-active krypton 85.
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Component and
Circuit Design

IDEAS /CRT Displays

"SYLVANIA

New GRT family
reduces computer
readout cost.

Giving the best of both worlds, Sylvania’s new CRT
line has performance of special tube designs with the
economies of mass-production types.

Videomaster stock market display system
uses low-cost computer readout CRT to obtain
crystal-clear display in a minimum of space.

When it comes to matching the high speed of modern
computers the CRT readout is king. Now, Sylvania’s
new family of computer readout CRTs gives you the
best features of CRT readout at a price you can afford.

A typical application for these tubes is shown in the
photograph. Here, Ultronic Systems Corp., a subsidi-
ary of Sylvania Electric Products Inc., uses a 12-
inch tube to display stock market information and
business news reports in a revolutionary desk-top
display system.

The Ultronic® Videomaster™ literally makes all other
stock quotation machines obsolete. In its basic mode
of operation, the machine’s CRT displays seventeen
separate items of information about
the selected stock.

In the Marketminder mode, the
Videomaster will keep track of the
last selling price of eighteen selected
stocks. A third mode, the Limit-
minder, notifies the user when any of
eighteen stocks reaches a preselected
high or low limit. In a fourth mode,
the CRT display shows the two ex-
change tickers most frequently used,
plus news service reports. With this
much data to handle, Ultronic
needed a high-performance CRT.

Sylvania’s needle-sharp electron
gun maintains good edge resolution
and provides a highly readable dis-

continued on next page
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play. The compact design of the
90°-deflection tube makes the all-
solid-state system a real desk-top
space saver. Both the 9" and 12”
CRTs in the new line feature the
new smaller neck diameter, reduc-
ing drive circuit requirements.

As can be seen from the table, the
tubes in the new line feature either
Kimeode or T-band implosion pro-
tection. For high-ambient light con-
ditions, special optical panels can
be bonded to the faceplate to im-
prove readability. Although the
table shows our standard line of
computer readout tubes, keep in
mind that Sylvania’s extensive ca-
pabilities permit a wide range of
modifications to be made at small
additional cost.

In addition, we have a line of
high-resolution tubes for more de-
manding applications.

These high-resolution tubes pro-
vide 0.003-in. line widths with cen-
ter face resolution as high as 3000
lines. As with all Sylvania CRTs,
variations from the specifications
shown in the table are available at
nominal extra cost.

CIRCLE NUMBER 300

Low cost computer readout tubes

Defl. Approx. G2 Neck Overall
Angle Screen Area  Heater Voltage Diam. Length Safety
Size Type No. (deg.) (Sq. In.) (V/mA) W (in.) (in.) Protection
9”  ST-4716A 85 42 6.3/0.450 100 20mm 844 T-Band
12”7  ST-4729A 110 74 6.3/0.450 100 0.840 9.19 T-Band
g ST-4730A 110 100 6.3/0.450 300 1.13 10.75 T-Band
17”7  ST-4549A 114 141 6.3/0.450 300 1.13 11.25 Kimcode
20" ST-4502A 114 184 630450 300  1.13 AL e,
20”  ST-4545A 114 184 6.3/0.450 300 1.13 12.25 Kimcode
High resolution computer readout tubes
Defl. Approx. G2 *Neck Overall
Type No./ Angle Screen Area  *Heater Voltage Diam. Length
Size Line Width (deg.) (sq. in.) (V/mA) v (in.) (in.)
’ SC4859/
8” 0.003 in. 90 35.5 6.3/600 500 1.44 11.063
SC4676/
12" 0.003 in. 70 67 6.3/600 500 1.44 16.60
e SC4860/
14 0.003 in. 90 100 6.3/600 500 1.44 13.19
? SC5017/
157 0.004 in. 70 102 6.3/600 500 1.44 17.5
- SC4836/
1o 0.003 in. 70 149 6.3/600 500 1.44 18.75
,, SC4604/
21 0.005 in. 70 262 6.3/600 700 1.44 22.59

*Variations available for most types per customer specification.
Safety protection, AR treating and RF| coating as required.

IDEAS /CRT's

Complete CRT display modules can be designed to meet your

space and input requirements.

Integrated display modules
save you time and money.

Why waste your design time on CRT circuits when
you can get a complete integrated CRT package from
Sylvania.

You supply 1-volt inputs for the X, Y, and Z axis
drives and we’ll supply the rest of the package to give
you a completely integrated display system.

Sylvania’s modular approach to CRT systems puts
the high-voltage supply, deflection circuits, filament
supply and video amplifier in one compact package.
Custom designs to meet special environmental re-
quirements can also be supplied.

This modular approach can be a real time and
money saver in the prototyping or breadboarding of
proposed systems. In general, you’ll find it less expen-
sive to purchase the integrated modular package than
to design and build the individual circuits.

You also get the assurance of quality bought by
Sylvania’s long experience in the design and manufac-
ture of industrial and military cathode-ray tubes.

Our applications engineers can help you select the
best off-the-shelf or special-design CRT to meet your
needs.

Pricing on the Sylvania modular CRT packages is
based on a one-time engineering charge and a per
piece price quotation. Sylvania’s Industrial and Mili-
tary CRT group can supply anything from prototypes
to production quantities. CIRCLE NUMBER 301




IDEAS / Film Circwits

Thick film resistors
get down to 0.05%
tolerance in production.

Fast precision trimming of improved materials allows
you to get high-precision networks at low cost.

New materials and improved process controls have
enabled Sylvania to turn the manufacture of precision
thick-film resistors into a routine affair. With the new
techniques, resistor tolerances can be held to 0.059, to
19, with temperature coefficients extending down to
as low as 20 parts per million. Tracking of several re-
sistors on the same substrate can be held in the range
from 5 to 20 parts per million per degree C.

This means that ladder networks of ten to twelve
bits can be made with accuracies better than the least
significant bit. Similarly, step attenuators with preci-

sion of 0.19, can be obtained. R-C networks can be
held to 0.259%, over a broad temperature range.

And best of all, these devices can be made economi-
cally thanks to the Sylvania-developed forty-position
trimming machine.

This machine incorporates precision bridges and
fast-action abrasive shutoff devices to get high-speed,
high-accuracy trimming. The forty-station capacity
allows trimming of complex multi-resistor arrays at
minimum cost.

Thick-film networks have many advantages over
conventional discrete precision networks, including
good thermal tracking, smaller size, lower cost, re-
duced weight and higher reliability. In addition, film
networks can be hermetically sealed to eliminate the
effects of humidity on the long-term stability of the
network. This is difficult to do with discrete compo-
nents of any reasonable size. Because these film net-
works are fabricated simultaneously from the same
resistor and conductor inks, consistency of character-
istics is improved. Reliability is improved by the
elimination of many hand-wired connections.
CIRCLE NUMBER 302

Resistor trim machine with forty stations can trim resistors to tolerances as tight as 0.05%. Inset shows typical trimmed circuit.




IDEAS / Diodes

Now we’ve boosted
the @ of VVCs.

Sylvania’s expanding family of voltage variable
capacitor (VVC) diodes now includes units with
Q’s of 500 and better.

When they couldn’t get the special VVCs they
needed anywhere, a major manufacturer of com-
munications equipment brought their problem to
Sylvania.

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

A special team consisting of the customer en-
gineers and Sylvania’s engineering and produc-
tion groups was rapidly formed to concentrate on

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

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

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

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

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

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

CIRCLE NUMBER 303

DIODE CAPACITANCE vs REVERSE VOLTAGE
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Typical curve of capacitance versus reverse
bias voltage for VVC diode.

D6900 series high-Q voltage variable capacitors

Capacitance(Cr) Quality Capacitance
Vr=4VDC Factor (Q) Ratio
f=1 MHz Vg=4VDC Coy/Czov

pF f=50 MHz f=1 MHz
TYPE (nom.) (min.) typical
D6900 4.0 600 2.8
D6901 54 600 2.8
D6902 6.8 600 29
D6903 8.2 600 2.9
D6904 10.0 600 2.9
D6905 12.0 600 29
D6906 15.0 500 29
D6907 18.0 500 3.0
D6908 20.0 500 3.0
D6909 22.0 500 3.0
D6910 27.0 500 3.0
D6911 33.0 500 3.1

Breakdown Voltage (Ig=10xA)=30VDC




IDEAS /] ntegrated Circuits

Why you need

SUHL J-K flip-flops
for low power,

high speed systems.

Current drain becomes a critical factor at
extremely high computer logic switching
speeds. The curves (right), applicable to all
SUHL single and dual J-Ks, show that cur-
rent-drain levels, even at high frequencies,
are significantly better than those of con-
ventional flip-flops.
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Test set-up used to derive data presented in charts.

Recently we conducted a series of evalua-
tion tests to establish typical distributions of
current-drain levels for our SF-200 AND-
input 50 MHz J-K flip-flops. The data we
obtained applies also to other SUHL II
single and dual J-Ks since all of them use
the same basie circuit configuration.

For the SF-210, 50-MHz OR J-K flip-flop,
current drain will typically be 2.2 mA higher
across the test temperature range. This
slightly higher drain is due to the added
OR-gate stage.

As you can see from the curves, Sylvania’s
SUHL flip-flops are the way to go wherever
low power and high speed are prime con-
siderations.

The evaluation tests began with a lot of
100 units which were representative of prod-
uct resistor value and Beta distributions.
These units were then measured at fre-
quencies of 1 MHz and 30 MHz with Ve
5.0 V at 25°C and C: 15 pF. Measurements
were based on a 509, duty cycle using a
Model 122 E.H. pulse generator. Units rep-
resenting the minimum and maximum cur-
rent drain observed in the distribution were
then selected from the initial lot.

The selected units were measured for cur-
rent drain at frequencies of 1, 20, 35, 40, and
50 MHz with an operating voltage 5.0V, and
capacitive loads of 15, 50, and 100 pf.
Measurements were taken at temperatures
of —55°C, +25°C and +125°C.
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IDEAS / EL Readouts

How EL devices
can simplity
photo-recording.

Electroluminescent panels make it easy to place sup-
plementary data on films without complex optical
systems.

If you have problems in placing identification marks
or other types of data on films you may find your
solutions in electroluminescent displays. EL has many
advantages in this type of application. First of all,
EL devices provide a planar display. The light source
is almost in direct contact with the film, assuring a
sharp image and minimum light spread. In Sylvania’s
electroluminescent devices, the use of a thin glass
cover plate allows the film to be as close as 0.025 in.
to the light source. Since the electroluminescent device
is in direct contact with the film, there is no problem
of designing or maintaining complex prism lenses and
other optical components.

A second advantage of electroluminescent displays
is low power consumption, therefore, less heat. This
can be a real problem in incandescent lamp systems.

Another advantage is the very uniform light pro-
duced by electroluminescence over a given area, as
compared to incandescent sources.

10 18 17 16 15 14
- 131211109
WES 7 6 54
©3210W
‘lhslnusw

X X X

-~-13121M109"
EE 8 76 54
3210E"

910111215 | 2 12 I

Fig. 1. High-density display using EL light
with overlay.
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Fig. 2. Numeric EL display can be changed
quickly for recording on film.

Probably the greatest advantage of EL in photo-
graphic applications, is the wide variety of display
patterns you can obtain. Nearly any shape, symbol or
group of symbols can be used. And they can be tailored
to any format for a particular application. The
ability of EL to display high-density patterns allows
substantial amounts of data to be placed on each
device (Fig. 1).

There are a number of ways that EL can be used
to record information. A straightforward approach is
to use a Sylvania ELX-4 numeric display like that
shown in Fig. 2 for contact printing. Different combi-
nations of digits can be obtained simply by energizing
the appropriate segments.

Similar information can be obtained using an EL
matrix (Fig.3). A negative containing the desired in-
formation is placed over the matrix. The data to be
recorded is transferred to the film by energizing se-
lected elements of the EL device.

The graphs shown in Fig. 2 give typical exposure
times for EL devices used with different types of film.
Note that lamp is operated well below rated voltage,
thus assuring long life.

It is also possible to use an EL binary dot matrix to
place binary-coded information on the film. In this
application, the high operating speed of Sylvania EL
devices allows the display to keep -up with rapidly
changing data.

The ease with which EL displays can be modified
to meet particular application needs means that Syl-
vania probably has the answer to your recording
problems. Talk to our engineers and you'll find out.
CIRCLE NUMBER 305

Fig. 3. X-Y matrix EL display can have
selected segments illuminated.
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IDEAS / Microwave Components

We've solved the noise
probiem in avalanche
diode oscillators.

New Sylvania design combines the advantages of
solid-state constructionwith noise levels of a klystron.

A combination of careful diode processing and im-
proved circuit design has knocked 10 to 15 dB off the
noise figure of typical avalanche diode oscillators. The
measured noise figure of a balanced mixer using a

Sylvania SYA-3202 local oscillator is within a fraction
of a dB of that obtained with a klystron. (Fig.1.) No
filters, coupled cavities or other external circuits are
used in the new design.

The SYA-3202 (waveguide) and SYA-3203 (co-
axial) oscillators are designed for use as local oscillators,
parametric amplifier pumps and other applications
requiring low AM noise. The reduction in AM noise-
to-carrier ratio is obtained over a broad range of fre-
quencies away from the carrier.

The AM noise-to-carrier curve for a typical ava-
lanche diode oscillator and for a Sylvania low-noise
oscillator are shown in Fig. 2.

The X-band oscillators are available in power out-
puts up to 50 mW, and can be used as a direct replace-
ment for klystron oscillators in many systems.
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IDEAS / Manager’s Corner

Meet tough TV set
competition
by standardizing.

Standardization is always a valuable tool in cutting
production costs. It is especially valuable today where
the pricing of black-and-white TV sets is an important
marketing edge in meeting foreign competition.
Obviously, a key cost element in any black-and-
white TV set is the picture tube. When you pick a
standard tube for your design, you get the benefits of
high-volume production and, as a result, lower cost.
What is the lowest cost tube? In the 17" to 23" sizes,
we recommend a tube with the following specifications:

Heater: 6.3 V, 450 mA.
Accelerator Grid (G2) voltage: 35 V.
Implosion protection: Kimcode with mounting ears.
Neck diameter (16” and above): 1'/s”.
Anode rating: 12 kV min., 23 kV max.
Button location: short side.
Deflection angles: 16” to 22” —114°
23" —110°

But keep in mind that locking into a standard tube
does not have to mean a loss of flexibility in your de-
signs. Because Sylvania is a high-volume producer of
many tube types, modifications of standard tube lines
can be made at slightly higher cost.

For example, do you need a low-drain filament for a
battery portable? We’d suggest that you replace that

6.3 V heater with a 12.6 V, 72 mA, or 12.6 V, 150 mA
unit. From Sylvania you can do it with off-the-shelf
availability, and it’ll cost only pennies more.

What about G2 voltage? For lowest cost and low
B+ requirements you can’t beat the tried and true
35 V variety. But again, for only pennies more you can
select a unit tailored to meet your requirements from
our library of electron guns. And again, this is an off-
the-shelf delivery with no design or tooling time, or
costs. Whether it be 35, 50, 100, or 300 volts, we have
the gun ready to go.

For implosion protection we suggest Kimcode, with
or without mounting ears. Because we manufacture a
wide variety of implosion protection systems every
day, we can also offer PPG bonded, T-band, and Shel-
bond systems at only slightly greater cost.

To sum up, you can meet foreign competition on an
equal footing by standardizing your tube lineup. In
addition, Sylvania’s standard line of 127/, 15", 17",
20”7, 22"" and 23" B & W tube offer styling features
not yet available in all foreign types. These features
include the bold modern “flat-face, square-corner”
look that spells the “in”’ styling of up-to-the-minute
design.

( Drpind

J. L. Dangremond
Product Sales Manager

This information in Sylvania Ideas is furnished

without assuming any obligations.
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feed automatically...

The Quicker
Quick Connects

The promise is in the name. New PDQ™ terminals are pace-
setters in everything you expect of a quick connect. Crimps
quick. Snaps-on quick. Disconnects quick, when necessary. New
receptacle grip design, new barrel styles, new wire ranges,
new tooling — all are calculated to build improved reliability
into your products.

Behind the promise of PDQ’s are over a hundred terminal
variations covering #26-12 wire sizes. Available on tape or in
strips for automatic feeding. Using our portable high-speed air
press, new too, you can pinpoint harness production and enjoy
lower installed cost every time you crimp.

In-circuit performance? Tops. PDQ's build circuits good for
today and a lot of tomorrows.

Try them, free. Drop us a line for
evaluation samples and tooling dem-
onstrations. ETC Incorporated, Cleve-
land, Ohio 44103.

© 1968 ETC Inc.

CIRCLE NO. 35

Crimp on portable air presses...

For up to 3600 terminations [ hour.

Terminals push-on to install,
pull-off to service.
Connections are uniformly reliable.

65



COMPARISON SIMPLIFIES
MICROPACKAGING SELECTION

MICHAEL V. BOND, National Semiconductor Corp.

Many techniques are available to perform high-density
packaging of semiconductor chips. The selection of
which technique to use depends largely on environmen-
tal requirements and on available handling and
mounting equipment. A survey of eight methods com-
pared by performance capabilities, mounting and
handling, relative size and relative cost, and avail-
ability provides the background needed to select the
right technique for the next application.

SUMMARY

There are several major factors involved in deciding
which micropackaging concept is best suited for a given
application. Other factors need to be taken into ac-
count with regard to choice of substrate materials,
metallization and passive components. What might
not be quite so apparent is the effect of active device
yield losses because of unsatisfactory mounting, lead
bonding and mishandling on the eventual assembled
substrate yield. Taking the example of a substrate

having eight mounted active devices, the following
will result:

Active Device Yield Assembled Substrate Yield

90 percent (0.9)% x 100 = 43 percent
80 percent (0.8)% x 100 = 17 percent
70 percent (0.7)® x 100 = 6.5 percent

In some cases active devices can be replaced on the
substrate but the rework cost may be prohibitive or
reworking may endanger the stability of passive com-
ponents on the substrate. Minimization of active de-
vice losses during assembly cannot be overempha-
sized as one of the most important economic factors
controlling use of micropackaged semiconductors.

Michael V. Bond is a product marketing engineer with
National Semiconductor Corp., giving technical backup to its
field force in the introduction of new products. He has lived
in the U.S. 1 year and was 3 years previously with Transitron
in England. Bond was awarded a Higher National Certificate
from Southeast London Technical College, England.

BASIC SEMICONDUCTOR DICE

These have the advantage of maximum packing
density. Almost any passivated die can be used, al-
lowing the complete spectrum of semiconductor de-
vices to be included in hybrid circuits.

Except for power-dissipation considerations a die is
capable of electrical performance equal to that of the

same die in a conventional package. In fact high-
frequency performance can be superior with the die
because lead inductance is less and header capacitance
is eliminated. However, electrical performance depends
on the user’s ability to perform die mounting and lead
bonding.

Mounting and Handling

For die mounting a gold silicon eutectic bond nor-
mally is used, although conductive epoxies have been
successful. Since fluxes are not used, the die must be
“scrubbed”, either manually or ultrasonically, on a
preheated mounting surface to get a reliable ohmic die
mount. The die mount has a finite resistance that can
increase collector-emitter saturation voltage. Use of
a solder preform during mounting minimizes the die
mount resistance. The preform usually is gold or gold
doped with arsenic or antimony. Die power dissipation
also is dependent on the quality of the die mount.

Lead bonding is either by ultrasonic or thermal com-

FREE REPRINTS OF THIS ARTICLE ARE AVAILABLE ON PREPUNCHED PAGES. CIRCLE NO. L61

66 Package/Components/Active



Design Features

Several major factors are involved in deciding which micro-
packaging technique is best for a given application. Most are
evaluated and compared here to help simplify the selection.

pression techniques using gold or aluminum wire, the
diameter of which depends mainly upon the size of the
die metallization areas and technique used. For
medium-power transistor dice the current-handling
capacity of the lead wire is a controlling factor.

Both die mounting and lead bonding must be carried
outin a carefully controlled, inert atmosphere, although
this is not essential for ultrasonic lead bonding.

Vacuum probes are used for handling the dice, al-
though this should be minimized and a cleaning oper-
ation should be performed as soon as possible prior to
mounting.

Relative Size

Although dice are capable of the highest packing
density, this density is dependent on the mounting and
bonding techniques used; i.e., mounting pads must be

large enough to allow for “scrubbing” and lead bonds
must be “looped” from the die to substrate to eliminate
chances of shorting. Dice vary in size according to
function, but are typically 15 by 15 mils for a logic
transistor to 30 by 30 mils for a medium-power type.

Relative Cost and Availability

Die cost is much lower than for other microsemi-
conductor packages, but in most cases this advantage
is offset by relatively costly handling, mounting and
bonding equipment in addition to the cost of training
operators. Also, only certain dc parameters can be
probed by the supplier and dynamic parameters are
virtually impossible to test in slice form. However,
these untested characteristics are guaranteed with
some confidence by assembling and testing in conven-
tional packages a sample of dice from the same process.

‘FLIP CHIPS’

“Flip Chips”* were introduced to eliminate the prob-
lems of die mounting and lead bonding bare chips.
They eliminate lead wire bonding with a face-bonding
approach. Here all three (collector, base, emitter) con-
tacts are bonded to the substrate simultaneously.

Performance Capabilities

Because of the added resistance that results when
the collector contact is brought from the back to the
face of the chip, the collector-emitter saturation voltage
is higher than for a conventional die of similar size
and geometry. The dissipation capability of the “Flip
Chip” is lower than the conventional die because the
contact areas are considerably smaller. If the chip uses
over-oxide metallization to increase contact area,
parasitic capacitances increase. In applications where
the low thermal resistance of a substrate must be used
to minimize local “hot spots”, the “Flip Chip” is at a
disadvantage when compared with a basic die.

Mounting and Handling

Either solder reflow or ultrasonic mounting is done,

*Trademark of Digital Equipment Corp.

INTERSIL SEMICONDUCTOR.

depending on the types of materials used for the “Flip
Chip” contacts and on substrate metallization. The
fact that all bonds are made simultaneously results in
considerable simplification and reduction in mount-
ing/bonding time compared with that for conventional
dice. Unfortunately, the bond quality cannot be deter-

mined from a visual examination.
The choice of materials for substrate and/or metalli-
(Continued)
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Micropackaging (Cont’d)

zation is limited because coefficients of thermal expan-
sion differ. This problem is accentuated for “Flip Chips”
because of the rigid finished assembly.

Handling “Flip Chips” is not very different from
handling conventional dice. Electrical testing of “Flip
Chips” is easier since it is possible to test them without
resorting to probing methods.

Relative Size

Generally, “Flip Chips” are no larger in area than
basic semiconductor dice. Also, because bonding pads
need not extend beyond the chip periphery, the sub-
strate area can be used more efficiently, resulting in
extremely high-density packaging. The thickness of
a “Flip Chip” normally is greater than a conventional
die, because of contact “bumps” that raise the bulk of
the chip from the substrate. These bumps are neces-

sary to align the “Flip Chip” on the substrate.

Relative Cost and Availability

There appears to be no reason why “Flip Chips”
should cost more than basic dice. However, there are
still very few semiconductor suppliers who offer “Flip
Chips” as a micropackaging alternative. There are two
basic problems, the first being the difficulty in main-
taining the basic die performance combined with the
need for the collector contact to be on the chip face.
The second problem is that each “Flip Chip” must be
designed for optimum performance. This means that
considerable engineering effort is ieeded before a man-
ufacturer can offer a reasonably broad range of devices.
The first “Flip Chips” were made some 4 years ago, yet
industry still cannot offer a broad product range of
“Flip Chip” devices.

CERAMIC CHANNELS

-~ el T0.065

The ceramic channel evolved as a result of attempts
to completely eliminate the need for the user to per-
form bonding operation directly on the semiconductor
die. The channel, a U-shaped piece of alumina ceramic,
carries three gold stripes, about 0.2 mil thick. The
die is mounted eutectically on the stripe in the bottom
of the channel and the base and emitter connections
are made, either by thermal compression or ultrasonic
wire bonding, to two stripes on top of the channel.

Performance Capabilities

Since the dice used are standard geometries, elec-
trical performance is comparable and is not in danger
of degradation since the user is not required to bond
directly to the die. Power-dissipation capabilities are
excellent because of the high thermal conductance of
the alumina ceramic.

Mounting and Handling

The channel normally is mounted by the use of
thermally conductive, electrically isolating epoxy.
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This and the ceramic isolation allow the channel to be
mounted across metallized conductors on the substrate.
The thermally conductive epoxy results in efficient
heat transfer from the channel to the substrate.
Bonding from the emitter, base and collector of the
channel is by thermal compression or ultrasonic wire-
bond methods.

Because the channel is larger than the basic die
and it is relatively immune to damage by mishandling,
it can be handled with tweezers or a vacuum probe.
Prior to incoming inspection and mounting, the chan-
nel should be washed to remove any contaminant that
may have accumulated on the die surface. Location
on the substrate is achieved by relatively simple
Jjigging.

Relative Size

The size of the normal channel used for transistor
die is 0.06 sq in, 0.018 inch high. Although this is
somewhat larger than the basic die, its use results in
considerable simplification of handling and bonding.

Relative Cost and Availability

Since both die mounting and lead bonding are per-
formed by the supplier, the cost per channel approaches
that of the JEDEC TO-18. However, this includes the
protective package and guarantees of electrical per-
formance on parameters that cannot be tested in dice
form. Also, considerable cost savings are possible be-
cause of the ease of mounting and handling. Several
manufacturers now supply channels using dice that
cover a broad spectrum of semiconductor devices.



BEAM-LEADED CHIPS

SILICON DIOXIDE-NITRIDE

GOLD
BASE BEAM
LEAD

GOLD
EMITTER BEAM
LEAD

Chips with beam leads can be considered a varia-
tion of the “Flip Chip” in that they are also capable of
being bonded face ‘lown. Essentially, they are manu-
factured in the sami  anner as “Flip Chips”. However,
instead of having co.i. 't “bumps”, rectangular cross-
section leads, usually oi ;old, are built up on the chip
contact areas in the same plane as the surface of the
chip.

Performance Capabilities

Here, as with the “Flip Chip”, the collector contact
must be brought to the chip face, resulting in the same
type of performance limitations. However, since the
beam-lead chip also can be mounted face up, it is ca-
pable of thermal characteristics similar to the basic
semiconductor die. This is true if a suitable thermally
conductive bonding agent is used between chip and
substrate.

Mounting and Handling

Compared to the “Flip Chip”, the beam-lead chip is
more flexible since other bonding techniques can be
used. Solder reflow is not recommended because gold
is soluble in conventional solder. Thermal compression
bonding, parallel gap welding and a technique known

COLLECTOR BEAM
LEAD

N
/@ GOLD

BELL LLABS RECORDS, OCT/NOV, 1966.

as thermal pulse bonding all have been used success-
fully. Thermal pulse bonding uses short-duration
electrical energy as in welding except that welding cur-
rent does not pass between the lead and substrate
metallization. Handling is simpler than either con-
ventional dice or “Flip Chips” because beam-lead
chips can be supplied in strip form, which lends itself
to automatic feed and bonding. However, extended
beam leads, normally of the order of 1 mil in width,
are fragile and are difficult to handle manually, even
with vacuum probes.

Relative Size

Because beam-lead chips are similar in size to con-
ventional dice, they are capable of equal packing den-
sity. Since bonding is normally performed at the chip
periphery, efficient use of substrate area is possible.

Relative Cost and Availability

As with “Flip Chips”, ultimate cost should be little
higher than for basic semiconductor dice. However,
even fewer sources are available. Engineering prob-
lems necessitate complete redesign of existing dice,
as with “Flip Chips”, although problems with expan-
sion coefficients should be less.

‘KOVAR’' OR MOLY-TABS

0.040 x 0.040

“Kovar”* of Moly-Tabs consist of a conventional die
mounted on either a “Kovar” or molybdenum tab to
eliminate the need for die mounting by the user.
Earlier attempts to supply “Kovar” tabs with leads
attached to base and emitter areas resulted in problems
because of the extreme fragility of 1-mil-dia leads.
Success would have given the user a micropackage
without the need for any bonding at the chip.

Performance Capabilities
The use of a relatively large (approximately 40 by

Trademark of Westinghouse (Continued)
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Micropackaging (Cont’d)

40 mils) electrically and thermally conductive tab
enables the basic die to dissipate heat efficiently by
heat conduction to the substrate. Electrical charac-
teristics are similar to the basic die and the elimination
of die mounting by the user considerably reduces the
chance of electrical characteristics degradation.

Mounting and Handling

Reflow soldering of the tab to the substrate is fea-
sible and can be performed at lower temperatures
(220°C) than conventional die mounting 1370°C).
Mounting with conductive epoxies also has been used
successfully. Either method results in low-resistance
bonds that do not cause any appreciable increase in
collector-emitter saturation voltages. Lead bonding
from the base and emitter areas to the substrate met-
allization is done by either thermal compression or
ultrasonic techniques. However, excess pressure or

excess heat (in the case of TC bonding) can damage the
active regions of the die. Handling normally is done
by vacuum probes.

Relative Size

“Kovar” or Moly-Tabs generally are larger (40 by
40 mils) than the dice mounted on them and therefore
do not use substrate area as efficiently as dice or face-
bonded chips. However, the ease of mounting should
offset this disadvantage except where packing den-
sity is critical.

Relative Cost and Availability

“Kovar” or Moly-Tabs are somewhat higher in cost
than basic dice. Their availability is good since several
semiconductor manufacturers are prepared to extend
their die-mount facilities from conventional headers
to tabs. Therefore, complete coverage of the semicon-
ductor spectrum is available.

‘LIDS’

The “LID”*, or Leadless Inverted Device, evolved as
a modified version of the ceramic channel. Basically,
instead of the base and emitter leads being bonded to
the tops of the lands, the lands are stepped; the steps
carry the lead bonds and the tops of the lands are used
for mounting on the substrate. The third land, which
is split for convenience of manufacture, carries gold
metallization, which is an extension of that on which
the die is mounted. Thus, all connections are brought
to one face of the package and it may be mounted “face
down”, eliminating the need for lead bonding by the
user. The inside of the channel is normally filled with
epoxy to protect the die and lead bonds.

A recently introduced variation of the “LID”—the
PILL package, is larger and circular in shape. It is
more easily aligned and should lend itself to use in
consumer applications because of lower projected cost.

70 Package/Components|Active

Performance and Capabilities

As with the basic channel, standard dice are used.
Therefore, electrical performance of conventionally
packaged devices is available. The standard “LID”
allows use of dice up to 28 mils square, although pack-
ages are available that are large enough in area to
allow the mounting of integrated-circuit chips. Dual
“LIDS” are available for mounting dual transistor dice.
Because of the excellent thermal properties of the
alumina ceramic used for the package, thermal tracking
is equal to or better than that achieved in many con-
ventionally packaged dual transistors.

Since the “LID” can be bonded to the substrate by
using relatively low-temperature methods, risks of
parameter degradation during bonding are virtually
eliminated. The lands are approximately 12 by 15 mils
in area, insuring efficient heat transfer to the sub-
strate. Tests have indicated that the substrate is the
limiting factor when considering power-dissipation
capability of the “LID”.

Mounting and Handling

The “LID” normally is mounted by solder reflow
methods that only require temperatures of around
220°C. For highest-reliability bonds both the sub-
strate pads and “LID” should be pretinned prior to
heating the substrate pads for reflow. Fluxing is man-
datory. Bond quality can readily be determined by

*T'rademark of Amperex Electronic Corp.



visual examination of the solder fillet between “LID”
and substrate after reflow. Another somewhat simpler
mounting method is to cover the substrate pads with
flux-loaded solder paste. The “LIDS” then are aligned
in a jig and pressed down on the solder paste. No pre-
tinning is necessary and the bonds are made merely
by heating the substrate to 220°C.

All of the active devices on a substrate can be bonded
simultaneously after the “LIDS” have been positioned.
Any slight misplacement is corrected during reflow
since the surface tension of the solder tends to pull
the “LIDS” into alignment on the substrate mounting
pads. The process is so simple that in most cases it has
been possible to eliminate optical aids for the operator
during mounting. To reduce the time needed for pre-
tinning “LIDS”, conventional wave soldering can be
used.

Relative Size

The “LID” now accepted as an industry standard
measures 0.075 by 0.04 by 0.032 inch high. In the ma-
jority of cases the reduction in packing density, com-

pared with that for conventional dice, is more than off-
set by the extreme ease with which handling and
mounting operations are performed. The multiple
“LID” used for more than one dice at a time maintains
the 0.075- and 0.032-inch dimensions, has the 0.40-
inch dimension extended and has more mounting feet.

Relative Cost and Availability

The “LID” costs approximately the same as a chan-
nel of similar electrical performance that approaches
the price of the TO-18. Since all die and lead bonding
is performed by the supplier, the “LID” offers excellent
value. Price projections indicate that the “LID” should
cost little more than a conventional TO-18 or TO-5
packaged device of identical electrical performance.
This projection is accurate only if “LIDS” are made
in sufficient quantity to enable mechanized manu-
facturing techniques. Electrical performance can be
guaranteed as for conventionally packaged devices.
Several semiconductor manufacturers now offer
“LIDS” containing dice from the same generic families
as supplied in conventional packages.

MICRO-TABS

The micro-tab is also known by other names, but
in all cases is basically a ceramic channel with ex-
ternal wire leads and epoxy protection added.

Performance Capabilities

As with the basic channel, electrical performance
of the micro-tab is equal to that of the conventionally
packaged die. Power dissipation in free air is generally
150 Mw maximum, although it can be considerably im-
proved by bonding the ceramic face of the package to
the substrate with a thermally conductive epoxy. If
the epoxy is electrically insulating, the package can be
mounted across substrate conductors.

Mounting and Handling

The normal version of the micro-tab has 5-mil-dia
wire leads of gold-plated “Kulgrid”*—a nickel-clad
copper wire of exceptional strength for its small size.
This wire is ideally suited for bonding by regular lead/-
tin soldering techniques. It also is magnetic, which
allows magnetic handling tools to be used.

Some manufacturers supply gold-leaded micro-tabs.
These are not suitable for soldering by normal methods,
since gold is soluble in lead/tin solder. These leads
normally are mounted by welding to the substrate.

“Trademark of Hillcross Co., Inc.
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Regardless of the lead material, the leads normally
are welded to the metallized lands of the ceramic prior
to epoxy coating by the manufacturer.

Relative Size

The micro-tab usually is 60 mils square by 32 mils
thick with all three external leads extending from one
side of the package. Substrate area utilization can be
as efficient as for the ceramic channel, depending on
how the user mounts the package.

Relative Cost and Availability

Cost of the micro-tab is somewhat higher than the
channel because of epoxy encapsulation and provision

(Continued)
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of external leads. However, since conventional soldering
methods can be used for mounting, the micro-tab is
well suited for use in consumer applications where
existing soldering facilities can readily be adapted.
Also, epoxy encapsulation allows handling precautions

to be minimized. Several manufacturers supply micro-
tab transistors, usually containing dice for use in low-
level amplifiers. However, there is no reason why dice
up to 30 by 30 mils cannot be supplied if the applica-
tion and demand warrant.

‘MICRO-T-TABS’

There are several versions of “Micro-T-Tabs”** avail-
able. All consist basically of a body from which ribbon
leads extend in a T-configuration. There have been at-
tempts to supply hermetically sealed packages by the
use of ceramic, glass or glass-frit cases. None of these
has been completely successful and no supplier pres-
ently guarantees his “Micro-T-Tab” to be fully herme-
tic. The idea behind the “Micro-T-Tab” originated with
the registration of the JEDEC TO-50 and TO-51 pack-
ages. There are several sources for packages similar to
the TO-51 outline, some being molded and some con-
sisting of epoxy-filled cases. “Micro-T-Tabs” of smaller
size are available, some of which make use of the ce-
ramic used for the channel package. Ribbon leads are
welded to the metallized areas of the ceramic and epoxy
covers the entire unit similar to the micro-tab.

Performance Capabilities

Electrical performance is similar to that obtained
from conventionally packaged devices. Power dissipa-
tion is from 150 to 225 Mw in free air, according to the
size and type of Micro-T-Tab. The ceramic-based ver-
sion can be epoxy-bonded to the substrate, which in-
creases heat transfer and permits a more uniform
temperature distribution across the substrate.

Mounting and Handling

The gold-plated “Kovar” ribbon leads to the Micro-
T-Tab allow either conventional or reflow soldering or
welding techniques to be used for bonding to the sub-
strate. Alignment of the package on the substrate is

relatively simple, stemming from the T-configuration
lead layout. The ceramic-based version has the added
advantage that the top and bottom of the package are
easily identified (one being epoxy and the other being
ceramic), thereby eliminating any ambiguity in lead
connection. Handling is straightforward as the ribbon
leads are robust and suitable for magnetic handling
if required.

Relative Size

Micropackages, having T-configuration leads, vary
in size, depending on the type of construction, from 60
mils square by 32 mils thick for the ceramic-based ver-
sion to 150 mils in dia by 60 mils thick for the TO-51.
Lead thickness is normally about 5 mils with close
tolerance control to permit consistent welds where this
mounting method is used. Lead width varies between
suppliers from about 35 mils to 60 mils.

Packing density is necessarily dependent on the
type of Micro-T-Tab used, but it can be equal to that of
the channel.

Relative Cost and Availability

Cost is similar to that for the micro-tab and is some-
what higher than for conventional devices in large
quantities. Availability is good since several manufac-
turers now offer a Micro-T-Tab package containing dice
from most generic families of conventional TO-18
devices. Package sizes differ from one supplier to
another as do the positions of collector, base and emitter
connections, although the T-lead configuration is a
common factor. =

“*Trademark of Motorola Semiconductor, Inc

CIRCLE NO. 36 »

FREE REPRINTS OF THIS ARTICLE ARE AVAILABLE ON PREPUNCHED PAGES. CIRCLE NO. L61

72 Package|Components/Active



S-H-H-H-H|
The Quiet One is at work.

It's the only potentiometer in the low
cost field that is within one quarter
of one percent of having no electrical
noise, at all.
And yet it costs so little you can have
computer-quality in any product with
no sacrifice in economy.
Clarostat's Temp-Maturing® exclusive
process, so stabilizes and homoginizes
each Quiet One that they've been
field tested to 2 million cycles with
less than a 5% resistance change.
Come to think of it, you
could pay many times
=~ more and still not
get the linearity, the
< stability . . . the sheer
O Clarostat quality that
goes into every Quiet One
from Clarostat. Write
Dept. 105 Dover, N.H. 03820
It's quietly Revolutionary.

CLAROSIAT



INSTRUMENTING FOR AUTOMATED
SINGLE-SHOT MEASUREMENT

What sort of circuit blocks are needed to set up a useful single-shot meas-
uring system? The relative simplicity of a practical setup may surprise you.
THAD DREHER, E-H Research Labs.

As might be expected, single-shot automated measure-
ments require completely new instrumentation ap-
proaches. Once the human operator is out of the loop, Yo = v
there is no longer a need to expand the time scale of
events to suit the range of human perception. The basic SIGNAL \
idea ',4 i:unwntmrml HS(‘IH!):\'('(IpU techmgues—that of _’I FE——
translating very fast transients to a time scale the
eye can use—becomes largely outmoded. Gone with it SYNC k
is the need for iterated excitation response cycles at g
high repetition rates. 1 DELAY Tn
Taking, to a large extent, the place of previous ap-
proaches is the single-shot sample-and-hold technique @
discussed in the preceding article “Why Single-Shot
Measurements in the Time Domain?” (August 1968
EDN, p. 76). It is now fitting that we look into the
functional blocks of instrumentation that go to make
up a single-shot test system.
Instrumentation for single-shot measurements falls /
naturally into three functional classifications: a wide- DUT DRIVE J_VF"START" DISCRIMINATOR THRESHOLD
band sample-and-hold sensor for voltage, another
similar sensor for time and a data-handling unit that
converts the pulse-height analog from the sensors into DUT RESPONSE
a form suitable for storage or display.
Strobed Sample-and-Hold Voltmeter V, =*“STOP"" DISCRIMINATOR
Functioning of this voltmeter is shown by the wave- —[S—DHREMOLD
forms of Fig. la. At some time in the excitation-
response cycle, usually at the midpoint or other speci- “START" DISCRIMINATOR
fied level of the driving step, a sync pulse is generated, OUTPUT |
defining T,. The voltmeter accepts the sync pulse as a Y
START command, and after a programmed delay, gen- SETOB" DISCRIMINATOR
erates a strobe pulse during which it samples the signal OUTPUT J
present at its input. Stretching and amplifying the ==
sample yields a pulse-height analog proportional to @ T &1 T,
the instantaneous voltage V,. This analog output is
held for a period suitable for the data-handling equip- Fig. 1—Tyvo basic measurement problgms: (a) Measure-
ment receiving the information; then the instrument ?t])()ar;\}le‘;fs::::gﬁin;orifnzoéti?fg:re\ﬁczt i”Tn ebl{'vfefetzir‘rs yr]rc.
is made ready for a new measurement cycle. defined in terms of discrete voltage, levels Vo Vs on the
Measurement Cycle. As blocked out in Fig. 2, the signal waveform (or on two time-related waveforms as
voltmeter is composed of a control section and a signal shown).
channel. The control section performs the relatively
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Design Features

EE EEEE DELAY PROGRAM Fig. 2—Strobed sample-and-
. hold voltmeter. (a) Basic in-
¥ strument. (b) Completed
DELAY AND STROBE GENERATOﬂ block of practical instru-
ment.
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Instrumenting (Cont’d)

simple functions of trigger recognition, converting the
program information into a time delay and generating
the strobe pulse at the end of the delay period. Mea-
surement begins with a trigger command that is shaped,
then used to key the delay ramp generator and the trig-
ger hold-off one-shot. The input trigger signal must
pass an AND-gate that serves to lock out the trigger
channel for the period of the measurement cycle. This
period, determined by the fixed constants of the hold-
off one-shot, may be selected to give the data handler
ample time to perform its function.

The delay generator is a ramp-generator/comparator.
In it the decade ranges switch the ramp rate and the
vernier program changes the comparator threshold.
When the ramp reaches the comparator setting at the
end of the programmed time interval, the comparator
switches and triggers the strobe generator. The strobe
opens the sampling gate and the signal voltage is
delivered to the first memory input.

To take as little energy as possible from the input
signal, the time constant of the first memory is reduced
to a minimum (on the order of 0.5 ns). Output of this
fast memory is stretched to the required period by a
second memory, giving a duration on the order of tens
of microseconds to tens of milliseconds. Zero and scale-
factor adjustments are accomplished in this stage.
The system gain up to this point is ten.

Output of the second memory may be switched to
the output jack directly or sent through a 10X pad or
X10 amplifier to give X1, X10 and X100 scale factors.
At the same time that the second memory is gated, a
sync pulse is delivered to the outside world, indicating
that measurement information is now available.
Signal-Handling, Strobing. “Nature loves 50Q”
is the first commandment of fast-pulse engineering.
To achieve bandwidths on the order of hundreds of
megahertz the input section of the voltmeter is in a 500
feedthrough configuration. A balanced diode-bridge
gate effectively isolates the signal line from the signal
channel except for the strobe period. During the strobe
enough energy must be extracted from the signal line
to charge up the input capacitance of the first memory,
on the order of 2 to 10 pF. This input time constant
must be kept as low as possible, because it ultimately
determines the transient response of the instrument.
For this reason a second stretcher is used after the first
memory, which cannot hold for the required number
of milliseconds.

In any sampling system the design is a compromise
between input time constant and strobe width. To-
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gether they determine sampling efficiency, which can
be described as that percentage of the actual signal
voltage that is held on the first memory capacitance at
the end of the strobe. In low-efficiency systems (those
in which the strobe is made extremely narrow) the
sample is brought up to 100 percent by positive feed-
back that is predicated on a fixed value of input time
constant. Dot-transient response in low-efficiency
sampling thus becomes source-dependent because any
change in effective source impedance during the strobe
period is reflected as a measurement error. By reducing
the input time constant to something around 0.5 ns,
a strobe 4 ns wide is still eight time constants long so
sampling efficiency is near 100 percent. The system
in Fig. 2 needs no positive feedback. With a relatively
broad strobe of 4 ns the effective bandpass is well over
100 MHz.
Performance. An instrument using the scheme of
Fig. 2 can be designed to have the following charac-
teristics:
® Dynamic Range: —1V to +1V.
® Measurement Accuracy: Around 0.1 percent, plus
noise.
® Noise: 0.5 mV pk-pk, 95 percent of distribution.
Strobe Positioning Range: 10 ns to 100 us.
® Strobe Positioning Accuracy: On the order of 1 per-
cent of program.
® Data Rate: To 1000 measurements per second with
negligible baseline shift or other anomaly. Opera-
tion at 100 kHz is entirely feasible, but at this rate
the limitations of diode gates begin to show in the
form of base-line creep and anomalies in transient
response.

Voltage-Triggered
Sample-and-Hold Time-Meter

Functioning of the time-meter is shown is Fig. 1b.
Two voltage-sensitive discriminators generate START
and STOP pulses that define the time interval to be
measured. In the example one discriminator is as-
signed to the drive pulse and triggers when the drive
step reaches its programmed threshold V,. The second
observes the device response and triggers at V,, which
in this case is the 90-percent point defining TURN-ON
time of an npn transistor.

Measurement Cycle. As shown in block form in
Fig. 3, the time-meter is composed of a control section
and dual START/STOP discriminator channels. The
control section performs the functions of trigger recogni-
tion and hold-off, plus memory-erase. This amounts to
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applying a shorting bar across the second memory at
the end of each measurement cycle. A fundamental
difference from the strobed voltmeter concept liesin the
use of separate miniature sensing heads containing the
two discriminators. Gating is not performed between
signal line and sensor but between sensor output and
the rack-mounted data converter.

Measurement begins with a pretrigger command that
opens fast gates in the START/STOP pulse lines. The
trigger must pass an AND-gate that locks out the
trigger channel for the period of the measurement
cycle, about 1.2 ms. This period is determined by a
1-ms one-shot, keyed by the trigger at the same time
the fast gates are opened. When the one-shot reverts to
its normal state at the end of its 1-ms period, it operates
the crowbar, grounding the second memory. An addi-
tional delay of 200 us is added in the clearing line back
to the trigger AND-gate so that all circuitry has ample

settling time before the next measurement is begun.
Signal waveforms passing through the discriminator
trip-points generate positive polarity START pulses if
the waveform is negative-going or negative polarity
ones if the slope is positive. The fast memory will ac-
cept START pulses of negative polarity only. Therefore,
the DISCRIMINATOR SLOPE program selects the
desired START pulse by switching from straight-
through to inverting operation. The first START
pulse of the selected polarity is stretched by the fast
memory, which controls the time-to-height converter.
The START pulse begins constant-current flow into a
capacitor and the associated STOP pulse shuts it off.
Total charge dumped into the capacitor is determined
by the time interval between the START and STOP
commands. Voltage developed at the output of the first
memory is therefore proportional to the time interval
marked off by the discriminator output pulses.

DISCRIMINATOR
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The first memory is designed to clear during the
measurement cycle. To hold the measurement analog
essentially constant for 1 ms, a second memory, which
looks into the high impedance of an FET amplifier, is
used. At this point the crowbar, (essentially a shorting
switch that clears the second memory) is applied to
return the output to zero.

An IC amplifier, adjusted for zero, offset and scale-
factor calibration, makes up the output section. The
measurement is delivered in the form of a pulse-height
analog, held for 1 ms.

Discriminators. The vital element in the time-meter
is obviously the discriminator that interfaces between
the signal source and the measuring instrument. An
ideal discriminator would present high impedance and
low shunt capacitance to the signal source. It would
also have a bandpass on the order of hundreds of
megahertz. The design should minimize lead and lag

firing, hysteresis and duty-cycle effects. It should al-
low quick, easy programming. It should be bipolar.
That is, it should produce a marker of one polarity
when the signal moves through the trip-point in one
direction, and an opposite polarity marker when the
signal moves in the opposite direction. There should be
very little disturbance fed back to the signal line.

Two typical discriminator approaches are given in
Fig. 4. In the first (Fig. 4a), a biased tunnel diode acts
as the sensing element. The circuitry shows the sum-
ming of signal current and bias current at the diode,
the effective translation of the diode switching point
toi, by i, i, adjustment and the translation of the very
fast diode-generated step to a marker pulse by means of
a differentiating transformer.

Somewhat more sophisticated is the approach in
Fig. 4b, where a long-tail-pair comparator of high-
performance npn transistors serves as the recognition
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Fig. 4 — Typical voltage-sensitive discriminators: (a) Biased tunnel diode.
(b) Emitter-coupled comparator. (c) 502 feedthrough packaging.
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circuit. Output of the comparator is sharpened by a
Goto-pair configuration of tunnel diodes, with a dif-
ferentiating transformer that converts the step into a
marker. The performance of this circuit is remarkable
in view of its simplicity. Lead, lag and hysteresis ef-
fects are reduced to the point where measurement
accuracy can be specified at better than 3 percent on
waveforms moving 2V at 1V/ns. At 2V/ns the defi-
ciencies of available measuring equipment introduce
some ambiguity. The question then becomes: which is
better, the single-shot discriminator or the read-off of
90 percent on a sampling scope, with its questionable
dot-transient response and line structure?

Packaging. The discriminators shown in Fig. 4 are in-
herently high-impedance devices with respect to 500
for they may be made to show 10 k() or more input im-
pedance. Two basic approaches are possible: either the
discriminator is placed in shunt with 50() transmission
lines in the same manner as the voltmeter, or it is
mounted on a PC card or plug-in carrier designed to be
built directly into test fixture circuitry. One con-
venient package (Fig. 4c¢) has the sensing circuitry
mounted in a 50 feedthrough head measuring about

1 by 2 by 5 inches. This sensing head may be plugged in
in series with signal lines directly at input/output
ports of test jigs and fixtures. The START/STOP pulse
recognition circuitry in the mother instrument may be
made relatively insensitive to cable distortion, so that
remote operation at distances of 100 ft or more is
feasible.

Performance. An instrument using the approaches of
Figs. 3 and 4b can be designed to have the following
performance:

® Dynamic Range: —5V to +5V.

® Bandpass: On the order of 1 GHz.

® Measurement Range: 1 ns to 1 us full scale.

® Time-to-Voltage Conversion Accuracy: In the order
of 3 percent of reading, plus jitter.

Jitter (Noise on time axis): About 15 ps pk-pk.
Data Rate: To 700 measurements per second.

Data-Handling

Fundamentally a data system working from either
of the two sensors described must be able to accept a
pulse-height analog and convert it to a form suitable
for display, storage and limits comparison. One of
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Fig. 6 —Typical system arrangement using single-shot sample-and-hold time and voltage sensors.
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many possible data-handling schemes is given in
Fig. 5. Here a fast digitizer converts the analog into
3-digit BCD that is held in a 12-bit I/O register. Mea-
surement information can be written into inter-
mediate storage as shown or displayed on quick-look
3-digit glow tubes. Limits comparison can be done on
the WRITE cycle (within microseconds of digitizing)
for automated sorters, or at any convenient time after
the actual measurement process.

One of the virtues of intermediate storage with non-
destructive readout is that a measurement series may
be sectioned for histogram presentation by any number
of run-throughs with varied limits. If the GO window
is moved systematically across the distribution, a
counter applied to either of the limits verdict outputs
gives the information necessary for plotting histograms.

It is not immediately obvious why the 12k memory
(Fig. 5) is arranged in the form of 1000 x-address slots
with a single 3-digit y-number recorded in each slot.
For the limited function described here, any standard
random-access scheme of organization is suitable. But
with the addition of a time-base generator, applied to
step the x-address scanner at regular intervals from
slot to slot, the 1000 by 1000 digital grid concept dis-
cussed in the August article becomes a reality. The
instrument becomes a recorder of arbitrary waveforms
of voltage as a function of time, limited only by the
mechanics of the DIGITIZE/WRITE cycle.

Typical Single-Shot
Measurement System

Voltmeter and time-meter sensors are shown in-
corporated in a simple system (Fig. 6) designed to
make dynamic pulse tests on IC logic—in this case a
dual four-input gate. The device under test is worked
into specified loads, which may either be passive net-
works or active devices simulating actual-use condi-
tions. Both voltmeter probe and time-meter STOP dis-
criminator are effectively in shunt with this load and
must present relatively high impedance if excessive
loading is to be avoided.

A coaxial reed switch in the 50() input line of the
voltmeter transfers it to each load in turn. The signal
is probed down to the 50 level by built-in passive
probes with 10X (or higher) ratio. This arrangement
makes it possible to make V,, ,, V,,,. voltage measure-
ments defining voltage swing for each individual gate,
for purposes of normalizing or limits comparison. Mea-
surement is digitized, compared to programmed limits
and the GO/NO-GO verdict is delivered to the handling
mechanism. The actual measurement is, of course,
available in digital form for display, recording and
normalizing purposes.

The time-meter is connected so that all START com-

low
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mands are derived from a single discriminator monitor-
ing the drive pulse line, while individual high-imped-
ance discriminators generate STOP pulses at each
device output port. The input drive line is switched, in
turn, to each device input port by a coaxial commuta-
tor, so that the active drive line is at 50() impedance
right up to the test socket where it is terminated. (For
purposes of clarity, no dc biasing is shown.) This con-
figuration, which allows one discriminator to service
any number of input ports, is not practical on the load
side unless the coaxial lines leading out to the com-
mutator can be made part of the load. It is generally
better to use one discriminator per output port as
shown, and switch the STOP command lines between
sensor and “mother” unit.

It should be noted that a fixed delay time is inserted
between START and STOP pulses by the length of line
between START discriminator and test socket. This is
easily compensated by inserting an extra length of
coax in the START command line, to delay the START
pulse and zero the measurement. Also worth noting is
that when one discriminator is assigned permanently
to the input port, rise times of the DUT are not directly
measurable on a single pass, but must be taken as the
difference between propagation delays up to 90- and
10-percent levels on successive passes. This makes it
important to design differential mode capability into
the data handler, so that it can compute the difference
between two successive measurements. [

The first of this series of three articles "Why Single-
Shot Measurements in the Time Domain?” appeared in
the August 1968 EDN on p. 76. A coming issue will con-
tain the concluding section entitled “Applying Single-
Shot Time-Domain Measurements”.

Databank

References suggested by author, Thad Dreher, include:

1. “Nanosecond Pulse Measurements”, by Winningstad, IRE
WESCON Record, August 1961.

2. *Nanosecond Measurements with Sampling Oscilloscopes”,
by Zimmerman. Electro-Technology, January 1965, pp. 69-72.

3. “Fast Pulse Techniques”, by Dreher, E-H Research Labs.,
1967.
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Thad Dreher is a consultant doing technical writing for E-H
Research Labs. He received a B.A. in 1950 and a B.S.E.E. in
1959, both from the University of South Carolina. He pre-
viously worked at RCA and at Du Pont.




lowest profile—smallest over-all
o mercury-wetted contact relay

The Clare HGSR (only .33 cu. in.) puts
more switching capacity on a board
than ever before possible with long life
mercury-wetted contacts.

It's fast and tough—serves most process
control operations.. . . provides over 22
billion operations without fail or fals-
ing. And like the widely recognized
Clare HGM and half-size HGSM, it pro-
vides a combination of high speed and
low contact noise generation...the
elimination of contactbounce and chat-
ter and resulting false signalling. Ad-
vanced circuits can be designed with
power gain up to 5000 . .. sensitivities
as low as 20 mw. For solid state buffer-
ing, you get built-in input/output iso-
lation ... for measurement circuitry,
minimal contact resistance, constant
over billions of operations.

For complete information, circle reader
service number—ask Clare for Data
Sheet 855C ... Write Group 10B8

C.P.Clare &Co., Chicago, lllinois 60645
...and worldwide.

- a GENERAL INSTRUMENT company

HGSR

« Life: 22 x 10° operations—with
no maintenance

« Low, constant contact resistance
—no mechanical wear or electrical erosion

« No contact bounce
« Switching speeds to 1 ms

« Versatile contact load capabilities
—Ilow level to 250 va

« High power gain—to 5000 with no noise
sensitivity

« Sensitivities as low as 20 mw

CLARE MERCURY-WETTED CONTACT RELAYS

for input analog switching, output power conversion switching,
solid state input and output buffering
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DB OR NOT DB?
(That Is the Question)

IC op-amp spec sheets hardly ever use the term dB correctly.
The same goes for most engineers. Going back to basics shows why
and “DB or Not DB?” proposes a way to clear up the confusion.

ROBERT C. SANFORD, Babcock Electronics

When is a dB not a dB? Most of the time, if you listen
to today’s crop of engineers or read linear-IC data
sheets.

Let’s take a typical listing. We need an IC opera-
tional amplifier, and we find one that has a unity-
gain bandwidth of more than 10 MHz that looks good.
The open-loop voltage gain is listed as 60 dB with a
recommended load impedance of 2 k(). The input im-
pedance is not listed (it rarely, if ever, is). Anyway,
this is of no concern as long as it is reasonably high
and the gain is high, because we

impedances are included in the figure and chances
are that they won’t know what you are talking about.

Here’'s the Glitch

What’s so wrong about it? And, what do impedances
have to do with it?

A decibel, or dB, is 1/10 of a bel (named after Alex-
ander Graham Bell), and is a unit of relative power.
Today, it is difficult, if not impossible, to find a text-
book or handbook that correctly defines a dB. Even the

“Green Book” —Reference Data

expect to use it in an operation-
al configuration.

Just to check the amplifier
against the specs, to be sure
that it is good and that they are
not kidding about the gain, we
measure it. We use the recom-
mended 2k load and connect a
good generator to the input, at
a frequency well down from 10

That 60-dB op amp really might be
an 80-dB op amp.

for Radio Engineers by ITT
—which is considered by many
engineers as the “bible” for de-
signers, leaves the subject up in
the air. It defines a dB as a mea-
sure of relative power measured
at two points, shows the equa-
tions for power ratio and either
voltage or current ratio as we
all know them (one of which we

MHz, say 100 kHz. We measure

the output with a good VITVM and adjust the generator
until the output is 5V rms. We then switch the VTVM
to the input and get a reading of 5 mV rms. Of course,
with a real IC, we should read less input since the 60
dB was specified as a minimum, but we are trying to
make a point.

Now we do a little math. Dividing the output by
the input, we have 5V over 5 mV, or 1000. This is the
same as 10% and the exponent is 3. Or, take the log
to base 10 and the log is 3. Now, we take 20 x log,,
100 or 20 x 3 and get 60 dB, just as the spec sheet
said. Right?

Wrong.

Following this procedure, we get the number 60
all right, but—it is not dB! Call it anything you wish,
but don’t call it dB. The IC maker calls it “voltage
gain” in “dB” but he is just as wrong as you are. Your
fellow engineers talk of “voltage gain”, or more likely
just “gain”, in terms of dB. Ask them if the terminal

84 Test/Circuits|Linear

used before), and provides list-
ings of dB values for various ratios to illustrate the
equations.

True, the “Green Book” adds a disclaimer to say
that dB can be used with voltages or currents only
when they are measured across identical impedances.
But— it doesn’t stress the point, and it doesn’t give the
correct equation for use with voltages or currents.

The correct equations are:

Pz
dB = logm F

v, Z
dB = 20 log,, ;- + 10 log,, - |
1 -4

where the subscript 1 represents input and the sub-
script 2 represents output. The second equation can
be used for currents instead of voltages. The important
point to remember is that the second term of the equa-
tion must be included. If two voltages are measured
at the same point (or two currents through the same



impedance) or at different points across (through)
identical impedances, then, and then only, can we drop
the second term.

Quite obviously, when the spec sheet on our IC ampli-
fier lists a “voltage gain” of 60 dB, the statement is
meaningless because the input impedance is not spec-
ified. Let’s assume that we measure the input im-
pedance in the particulaf open-loop circuit we used
before and it turns out to be 200 k(). This is 100 times
the load impedance. Since the log of 100 is 2, the second
term of our equation becomes 20, and the IC’s real
gain is 60 + 20 or 80 dB, not the listed 60 dB. If you
are lucky —and a very few spec sheets do list a “power
gain”—you also may find a listing for your IC of 80-
dB power gain.

dB =
O 7

dBﬁOlogr\\%‘* ofmS:

A dB is not a dB if it does not include impedance.

Fact: Spec sheets and most engineers today prattle
about voltage gain in dB.

Fact: These engineers either don’t know or, if they
ever learned, have forgotten the correct definition
of dB.

Fact: Engineers and technicians who deal with tele-
phone, broadcast or RF circuits and systems usually
handle dB’s correctly because they always measure
across equivalent impedances, even though they may
not realize that they are correct only by accident. How-
ever, some do realize that they are dealing with power
ratios.

Fact: Engineers and technicians who measure only
voltages or currents can successfully operate on the
foregoing systems only because the systems maintain
a constant impedance, not because they know what
they are talking about.

Fact: Engineers accustomed to the foregoing systems
who read IC spec sheets will either be at a complete
loss or will misinterpret the spec sheets and come
up with wrong answers.

In the Beginning

How did such a mess ever get started? Well, back
approximately 20 years ago, when “hi-fi” was just
becoming a part of our language, almost no technicians
and very few engineers knew anything about dB (this
includes most of those in the special fields mentioned,

even though they used the term). Many manufacturers
of “hi-fi” and the PA amplifiers decided that defining
their equipment in dB would “snow” the prospective
buyers and bury the amplifiers’ deficiencies in double-
talk, so amplifiers of that era often were rated in “dB”,
even though the term was meaningless.

A few complaints about the practice were voiced
in letters to the editor in some magazines, but the
general hope was that the practice simply would fade
away. Unfortunately, it didn’t. Today, a very large
proportion of otherwise reputable amplifier manu-
facturers incorrectly rate their amplifiers in “dB volt-
age gain”; engineers use the term dB promiscuously
and incorrectly, and supposedly authoritative writers
do the same in print.

What can be done to correct this situation? I suggest
a new term for voltage gain—LVG, for log voltage gain
—to be used instead of dB for those measurements
dealing only with voltage. Thus, the IC amplifier would
have been listed as 60 LVG, not 60 dB as it was. The
transition from cps to Hz—in all its forms — was accom-
plished quickly and with relatively little mental an-
guish. Why not the transition from dB to LVG for volt-
age gain? [

160 LVG

Alexander Graham Bell
probably would prefer LVG.
(Pach Bros., New York, N.Y.)

Databank

Author Robert Sanford discovered two references that include
the correct equations. They are:

1. “Mathematics for Electricians and Radiomen”, First Edi-
tion, by Nelso M. Cooke, McGraw-Hill, Chapter XXI, Sections
21-1 to 21-3, p. 309, 1942.

2. “Radiotron Designer’s Handbook”, Fourth Edition, by
F. Langford-Smith, Radio Corp. of America, Chapter 19,
p. 806, 1952, gives the most complete discussion of all aspects
of the problem and its solutions.

Author Robert C. Sanford, an
E.E. from the University of
Missouri, has been awarded
two patents and has applied for
a third. His years of experience
include design work for several
leading electronics firms. One
of Bob’s pet peeves is sloppy or
incorrect measurement terminol-
ogy, which he squarely attacks
in this article.
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It's not what you pay

or an insulation. It’s

what it pays you...

...IN INSTALLATION ECON-
OMY. Rejects and delays on the
production line can add sub-
stantially to wiring costs. You
hold these costs to a minimum
when you specify insulation

of Du Pont TEFLON*.

...IN DESIGN OPPORTUNITIES.
The outstanding electrical
properties of TEFLON permit

Wire harnesses for autopilots use 200 to 300 Savingsin space and weight,

feet of hookup wire insulated with TEFLON.  and open the door to design
Resistance to solder-iron damage helps assure

trouble-free fabrication of the compact, space- innovation.

i ...IN PRODUCT RELIABILITY.
A wiring failure may mean
catastrophe, or at least cost and
inconvenience. TEFLON has
been areliable performer for
twenty years.

For the complete value-in-use
story on TEFLON in wire and
cable, write Du Pont Company,
Room 6668-A, Wilmington, Del-
aware 19898.

*Reg. U.S. Pat. Off. for Du Pont fluorocarbon resins and film.

TEFLON...the sure one

€G. U. 5, PAT OFF.
Better things for better living

...through chemistry
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LOW COST

=P NVIE

NPN SILICON POWER TRANSISTORS
olitron

From milliwatt to watt, Solitron’s 2 Amp Silicon Power Transistors
b “bridge the gap” between small signal and high power device
o applications. Here’'s why. Voltage ratings up to 300V, leakages as
| low as 0.5nA, saturation voltages less than 0.1V and uniform current
gain from 10mA up to 500mA. They may be used for small DC/DC
converters, core drivers, relay drivers, servo amplifiers and high
j voltage switch amplifiers. All low priced, these medium power
transistors are available in TO-46, TO-5 and TO-66 packages.

105
RATED BREAKDOWN VOLTAGES PERFORMANCE SPECIFICATIONS
h Vce (sat) Vge (sat) i f
Type Type Type 5 i 5 FE Volts Volts S8 &
Vee = 5.0V [a:= O5A lg = .05A “
Min. Min. Min. Min. | Max. Max. Max. Max. | @Veg Typ.
2N4862 2N4863 2N4864 140 120 8 50| 150* 0.20 1.2 0.1 60 85
SDT5001 SDT5501 SDT5901 60 40 8 50 150 0.35 1.2 0.1 30 | 85
SDT5002 SDT5502 SDT5902 80 60 8 50 150 0.35 1.2 0.1 30 85
SDT5003 SDT5503 SDT5903 100 80 8 50 150 0.35 1.2 0.1 60 85
SDT5004 SDT5504 SDT5904 140 100 8 50 150 0.35 1.2 0.1 60 85
SDT5005 SDT5505 SDT5905 180 120 8 50 150 0.35 1.2 0.1 60 85
SDT5011 SDT5511 SDT5911 60 40 8 120 — 0.35 1.2 0.1 30 85
SDT5012 SDT5512 SDT5912 80 60 8 120 = 0.35 1.2 0.1 30 85
SDT5013 SDT5513 SDT5913 100 80 8 120 — 035 1.2 0.1 60 85
SDT5014 SDT5514 SDT5914 140 100 8 120 — 0.35 12 0.1 60 85
SDT5015 SDT5515 SDT5915 180 120 8 120 — 0.35 1.2 0.1 60 85

Ve = 2.0V
To obtain additional information on these devices,
Dial 1-800-327-3243 for a no charge telephone call.

[olitron cevices, inc.

1177 BLUE HERON BLVD./ RIVIERA BEACH, FLA. /(305) 848-4311 /TWX: (510) 952-6676
CIRCLE NO. 39
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TIME-MULTIPLEXED ELECTRONICS

BOB KOEPER, Senior Editor

Device improvements, coupled with
across-the-board price reductions for
semiconductors, has helped multiplex-
ing invade the tape-recorder business.

Historically, to commutate, store and decommutate
a number of slowly changing data channels have meant
large dollar investments and racks of equipment.
With the strides made in semiconductor technology
(including integrated circuits), equipment size was
reduced, but not the cost. Now, the marriage of familiar
tape-recording techniques and time-shared multi-
plexing has resulted in a 75-percent cost reduction with
no performance degradation, and total system size is no
larger than a tape recorder (see photo).

A block diagram of the system (Fig. 1) portrays the

addition of time multiplexing to an otherwise standard
four-channel recorder. With multiplexing, the unit has
33-channel capability —30 time-shared channels each
with response from dc to 5 Hz and three channels of
dc to 2.5 kHz each for FM.
Input Circuit

MOSFET’s are used in the input circuit (Fig. 2) with
15 of the 30 input channels contained on one plug-in
board. Each MOSFET circuit is controlled by a counter
that causes the MOSFET to turn on 30 times a second
with an aperture time of 50 us. The ON-time duration
is sufficiently long to permit the recorder to sample,
record and reproduce input changes up to 5 Hz. With a
sampling rate per second of 30 this amounts to six
samples per cycle. Channels may be cross-connected to
increase response at the expense ot total channels.

Fig. 1—Block diagram of new VOICE INPUT 0——
recording system portrays
multiplexing capability. FM INPUT 0——>

FM INPUT O——>]

| 1

TIME-SHARED TIME-SHARED
DATA RECORD COCLL’%ER B
CARD REPRODUCE
A
1 X
A
St ¢ . S
15-CHANNEL B
SWITCH CARD 5-CHANNEL p——0
30 e SAMPLE- €
] ‘ STANDARD 5
INPUTS PATCH CARD AND-HOLD b
15-CHANNEL CARD L o
WITCH CARD E
30 o——— il =——0
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Design Features

EXTEND RECORDING CAPABILITIES

Amplitude to Time Conversion

To make a system of this type work properly, the
voltage amplitude of the input signal must be con-
verted to a proportional time increment for recording,
and reconverted from pulse-width to pulse-amplitude

information for reproducing.

The conversion from amplitude to time duration is
performed on a separate plug-in card. The diagram
(Fig. 3) illustrates how the conversion is made. Heart
of the conversion scheme is a patented circuit that not

Photo of SP700 tape system depicts small size of multiplexed
system. It is a modular system with plug-in boards determining
system capabilities. Price, depending on capabilities, ranges
from $2700 to $4800. This compares with as much as $20,000
for competitive systems made up of separate components that

perform the identical functions.

+20v = +20v — - e = 0V —
OS’;F’;‘UT Fig. 2— Schematic diagram of input circuits.
o £ Each input board handles 15 inputs with
all pulse-amplitude-modulated (PAM)
VW i M- =20V O AN outputs time shared on single output line.
ov....
e —20v T % f
UNIT OCTAL UNIT  OCTAL UNIT  OCTAL
PULSE PULSE PULSE PULSE PULSE  PULSE
COMPARATOR AND
PAM IN . = o . GATE
f I G l ; HEAD
ACTUATE ‘ DRIVER
S |
-2V
TSD RECORD CLOCK Stiyis =Y = R
> ONE-SHOT
Fig. 3— Patented principle of linear voltage value of input signal and when switch comparator by the potentiometer R,

to time conversion illustrated in block
diagram. PAM pulses from multiplexer
are connceted to capacitor C for 50 us,
the period when the actuate switch is
closed. During this time, C charges to full

opens, C is linearly discharged with time.
At the time switch opens, gate conditions
are satisfied, forming the leading edge
of the data pulse. C discharges until it
reaches the switching level set into the

which adjusts minimum duration of the
pulse. Comparator output forms the
trailing edge of the data pulse. Conver-
sion scale factor is determined by the
value of 1.
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Time-Multiplexed Electronics (Cont‘d)

only stores the sample but provides the linear system
base as well.

Time Back to Amplitude

A reproduce card accepts differentiated inputs from
the recorder reproduce head via a preamp, reconstructs
the time-modulated signals, then demodulates them
into amplitude-modulated pulses. Fig. 4 shows how
this is accomplished.

Outputs Available

Two types of outputs are made available from the
unit. The first is the complete 30-channel PAM
signal accessible for connection to a lab scope for

bargraph display. With this output, all 30 channels
can be viewed simultaneously. The second output
makes available any five channels via sample-and-
hold amplifiers. An appropriate filter smooths out the
abrupt changes observed from the sample-and-hold
circuit (Fig. 5).

The new system, first conceived and developed by
Kauke & Co., has been acquired by the Ampex Corp.
John Kauke is now with Ampex as manager of the
Industrial Products Dept. The recording system is ex-
pected to find wide application in biological and
chemical measurements, petrochemical technical mea-
surements, automotive diagnostic testing and medical
data acquisition.

REPRODUCE TSD

FROM PREAMP Rgf?;‘S;ﬁtJSCETSED
FLIP-FLOP
\J \— e iy e i 1

e °

=

p}—ET @

RESET

D>

REPRODUCE
PAM

CHARGE

Fig. 4—Conversion of time duration to voltage is illus-
trated by block diagram. Signals from tape are amplified
and then used to reconstruct the original data pulses
by means of the flip-flop. Charge-actuate switch closes
for duration of the data pulse and the dump-actuate
switch opens for 900 wus, allowing capacitor C to linearly

5-Hz SINE-WAVE DATA, SAMPL E-AND-HOLD QUTPUT, UNFILTERED

SAME AS ABOVE, BUT FOLLOWING 5-Hz CUTOFF FILTER

ACTUATE
SWITCHES
900-ms
ONE-SHOT R TO SAMPLE
DUMP AND-HOLD
- AMPLIFIER
SAMPLE
50-ms PULSE
ONE-SHOT

charge at a rate determined by current 1. C holds the
charge until the 900-us one-shot allows the dump-
actuate switch to close, at which time C discharges
and is ready for the next data pulse. A sample pulse is
initiated by trailing edge of the data pulse, actuating
the sample-and-hold amplifier while C retains its charge.

Fig. 5— With as few as 6 samples/cycle, sample-and-hold
output appears meaningless. After suitable filtering,
data are restored to original shape and amplitude.
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Utilogic I
Read all ahout it!
Free Handhook!

Signetics’ new Utilogic Il is the most flexible, reliable, economical line in the business. The
entire series now comes in dual in-line silicone packages, which gives you convenience SIGNETIGS

and ease of handling, in addition to the performance proven by over 10 million Utilogic
elements in the field. Utilogic Il also provides dual J-K binaries and triple and quadruple INTEGRATED

gates. The system is now simpler, faster, more flexible and requires fewer packages. On
top of all that, Utilogic Il is priced at RTL levels. Get the facts, plus our new Utilogic Il hand- cIRCUITs
book. It tells you everything you need to know about the specifications, usage rules and A SUBSIDIARY OF CORNING GLASS WORKS

application for using Utilogic Il. Write Signetics, 811 E. Arques Ave., Sunnyvale, Calif. 94086.

SIGNETICS SALES OFFICES: Fort Lee, New Jersey (201) 947-9870; Syracuse, New York (315) 469-1072; Richardson, Texas (214) 231-6344; Burbank, California (213) 846-1020; Garden Grove, California (714) 636-4260;
Wakefield, Massachusetts (617) 245-8200; Minneapolis, Minnesota (612) 920-3256; Silver Springs, Maryland (301) 246-6030; Collingswood, New Jersey (609) 858-2864; Clearwater, Florida (813) 726-3734; Rolling Meadows,
Iinois (312) 259-8300; Northwestern (415) 369-0333; Dayton, Ohio (513) 433-2474

DISTRIBUTORS: Compar at all locations listed below. Semiconductor Specialists, Inc. (312) 279-1000; Terminal Hudson Electronics (212) 243-5200; Wesco Electronics (213) 685-9525; Wesco Electronics (405) 968-3475;
Hammond Electronics (305) 241-6601; Avnet Electronics Corp. of Massachusetts (617) 272-3060; Pioneer Standard Electronics Inc. (301) 427-3300; Kierulff Electronics (206) RO 3-5510; G. S. Marshall (213) 684-1530; Milgray
Delaware Valley (215) 228-2000; Universal Electronics Inc. (713) 781-0421.

DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349-1266; Ozark Electronic Marketing, Inc. (314) 423-7200. A Compar Corporation at the following locations: Alabama (205) 539-8476; Arizona (602) 947-4336; California
(213) 245-1172; California (415) 697-6244; Colorado (303) 781-0912; Connecticut (203) 288-9276; Florida (305) 855-3964; Illinois (312) 692-4125; Maryland (301) 484-5400; Massachusetts (617) 969-7140; Michigan (313)
357-5369; Minnesota (612) 922-7011; Missouri (314) 542-3399; New Jersey (609) 429-1526; New Mexico (505) 265-1020; New York (518) 436-8536; New York (607) 723-8743; New York (516) 921-9393; North Carolina (919)
724-0750; Ohio (216) 333-4120; Ohio (513) 878-2631; Texas (214) EM 3-1526; Texas (713) 667-3420; Washington (206) 763-1711.

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—Optronix, P.0. Box 195, Ramat-Gan, Israel 724-437. Japan—ASAHI Glass Co., Ltd., Corning Products Sales Dept. No 14, 2-Chome Marunouchi, Chiyoda-ku, Tokyo, Japan 211-0411
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What could you do

withaT0-5 size
commercial relay?

£

"\§
/
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'/ Deutsch-Filtors
has one.

;
7

A brand new industry first from Deutsch-Filtors Industrial
Products.The TC is a one amp, DPDT commercial relay with
a clear dust cover, and sensitivity as low as 235 milliwatts.
With a wealth of knowledge in military design to back it up.

Are the ideas already coming to you? We'll see to it that a
sample does too. Just drop us a line on your letterhead. And
then see what you can do.

‘‘Available immediately from COMPAR STOCK"

IDIBJINSCISL

FILTORS INDUSTRIAL PRODUCTS
Main Street, Sag Harbor, L.I,, New York 11963
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Heated Substrate
Controls Drift in Monolithic Amplifier

A heated substrate included in the design of a monolithic IC
preamp results in a circuit with drift characteristics equal to or
superior to amplifiers with FET inputs or chopper stabilization.

A temperature-stabilized substrate
technique has produced a linear in-
tegrated circuit with very stable
characteristics. The design uses the
unique advantages of monolithic in-
tegrated circuits to give a versatile
preamplifier that operates over a wide
range of power-supply voltages. Its
performance equals or
existing approaches such as FET in-

surpasses

puts or chopper stabilization with the
added advantages of small size, sim-
ple construction, good reliability and
low cost.

Existing circuits wuse closely
matched bipolar transistor pairs or
rely upon the inherent matching and
close thermal coupling of monolithic
IC’s to obtain drifts on the order of 5

J. D. LIEUX, Fairchild Semiconductor

to 10 wV/°C. FET input stages are em-
ployed when input currents in the
hundred-picoamp range are needed,
but at the sacrifice of offset voltage
drift.

The most common method for lowest
drift is chopper stabilization, which,
if properly designed, can give excel-
lent stability. In many applications,
however, the size, expense and per-
formance drawbacks such as poor
overload recovery, large shot noise
and poor reliability restrict their use.

Regulated Substrate

With the new technique (a temper-
ature-stabilized substrate) all com-
ponents of the circuit are kept at
constant temperature by an active

regulator included on the chip. This
approach gives drift performance ap-
proaching that of the best chopper-
stabilized amplifiers, with small size,
low cost, moderate power consumption
and excellent reliability. A circuit de-
sign using this principle is a complete
preamplifier on a temperature-stabi-
lized substrate. The circuit consists of
a two-stage differential input, dif-
ferential output amplifier, plus a
temperature regulator, with a voltage
gain of 100. Compared to a single
high-gain amplifier, this circuit in
combination with a second amplifier
reduces the effect of drift in the second
amplifier to a negligible value. At the
same time its gain of 100 is not so

high as to make frequency compensa-
(Continued)
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Fig. 1— Simplified schematic of two-stage differential input, differential output amplifier.
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SLO-SYN™
Photoelectric
Tape Readers

Here are economical perforated

tape readers that combine the
dependability of photoelectric design
with the proven reliability of SLO-SYN
stepping motors. Ideal for a wide
range of data and program input
applications.

® Asynchronous speeds to
125 characters/sec.

® Direct stepper motor sprocket
drive designed for longer
tape life

® Simple, full view loading

@® Constant torque reelers allow
high speed spooling

® Reads all opaque and
translucent tapes having a
maximum light transmission
of 40%

® Maintenance-free operation.
No detents, ratchets, belts or
gears. .. no adjustments
necessary

® Models with or without reeler
assemblies

For complete information telephone
(203) 582-9561 or write The Superior Electric
Company, Bristol, Connecticut 06010.

SUPERIOR

ELECTRIC
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Heated Substrate (Cont’d)

tion difficult in operational-amplifier
applications.

A simplified schematic of the am-
plifier section (Fig. 1) shows the dif-
ferential input pair, Q1 and Q2, buf-
fered with emitter followers Q3 and
Q4 to obtain an input resistance of
300 M( and low offset and bias cur-
rents. Current source biasing of the
emitter followers results in an input
offset voltage relatively independent
of the base and leakage currents of
the differential pair.

Most important in low-drift ampli-
fiers is to maintain the input circuit
transistors at exactly the same tem-
perature. The regulator circuit greatly

reduces temperature changes seen by
the chip, but slight thermal gradients
across the chip may be present, re-
sulting from uneven heating, uneven
die attach and edge effects. Even a
0.01°C temperature difference be-
tween the transistors in a pair will
produce 20 pV of offset drift. With
two pairs of input transistors, chip
layout is enhanced, which cancels the
effects of thermal gradients. The
emitter followers (Fig. 2) are on op-
posite sides of the chip centerline
from their corresponding amplifier
transistors. If gradients are present
across the chip, equal offsets produced
in each half of the input stage pro-
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Fig. 2— Photomicrograph of layout depicts how attention to
component placement leads to best temperature gradient control.



duce a net drift of zero.

A second stage employs compound
pairs of pnp and npn transistors for
level shifting and some additional
gain. The circuit uses lateral pnp’s
with current gains of about 1 to 3 con-
nected in a feedback arrangement
with npn’s to form high beta com-
pound transistors. This minimizes
first-stage loading. Current source
biased output emitter followers pro-
vide low output resistance, reducing
subsequent circuitry loading. Zener
diode CR1 and the voltage drop across
the 10k second-stage collector resis-
tors determine output common-mode
voltage.

Temperature Regulator

The basic regulator circuit (Fig. 3)
consists of a pair of temperature sen-
sors, Q9 and Q10, and a large power
transistor Q12. Changes in chip tem-
perature are sensed by Q9 and Q10,
which develop a temperature-de-
pendent voltage across the external
temperature adjust resistor, R, .. This
control voltage is applied to the base
of the power transistor via Q11 and
CR2. The control voltage changes
Q12 collector current (and hence
power dissipation) to keep chip tem-
perature constant. The photomicro-
graph (Fig. 2) illustrates the central
location of the temperature sensors

(Continued)
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o

Fig. 3— Simplified schematic of
temperature control circuit.
Note physical size of transis-
tor Q12 on photomicrograph
Fig. 2.
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Y Fig. 4— Comparison of new cir-

cuit design performance and
standard amplifier with FET
input circuit. Plot shows input
offset voltage change versus
ambient temperature.
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Model 79
Linear IC
Tester

CEARVNIAS
B

New
automatic

Linear IC Tester
offers simple,
preprogrammed
operation

The simple operation of the new
automatic Model 79 Linear Inte-
grated Circuit (LIC) Tester
from Test Equipment Corpora-
tion virtually eliminates costly
operator training. This savings,
combined with its low initial cost,
makes the Model 79 an excellent
buy for production, engineering
and quality control applications.

TEC’s Model 79 “LIC” Tester
is completely automatic with the
™ 1 exception of test
43 g limits and range
selections and is
preprogrammed
on performance
boards (inset)
for up to 15 different test meas-
urements. It provides five dc and
eight dynamic tests. In addition,
two auxiliary positions are avail-
able for customer-specified tests.

The Model 79 features low cur-
rent measurements to 99.9 pa full
scale, low voltage measurements
to 99.9 v full scale, and high
speed typically 100 ms or less per
test. It accepts all IC package
configurations.

Write today for full technical
and pricing information on the
new TEC Model 79 “LIC” Tester.

Test Equipment

CoOoRrRpPORATION
P.0. BOX 20215, DALLAS, TEXAS 75220 - 214/357-6271
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No monkey biz
when you buy
Security Filters
from Captor

Captor Corporation is a specialist
in the manufacture of communica-
tions, security and shielded room
filters. Our goal is to satisfy the in-
dustry’s long-standing needs: the
need for a supplier who makes on-
time deliveries...whose sales
promises are fulfilled...whose
products meet all applicable speci-
fications...who gives good overall
service. Captor offers one of the
industry’s most complete line of se-
curity filters, including units ca-
pable of carrying very large power
line loads. Our security filters meet
even more rigorous specifications
than EMC filters, including DCA
and FED-STD-222. If your require-
ments are unusual or unique, Cap-
tor engineers are available to
evolve special filter designs. Now
that you have an alternative, let
Captor bid on your next security
filter requirement!

Captor Corporation manufactures
miniature filters . . . communica-
tions and security filters...custom-
design filters, and other electronic
components.

CAPTOR
CORPORATION

APPLICATION ENGINEERING DEPT.

5040 Dixie Highway, Tipp City, Ohio 45371
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Heated Substrate (Cont’d)

and the opposing location of ampli-
fier input stages and the heater tran-
sistor. The use of multiple emitters
and multiple emitter resistors on the
power transistor prevents current
hogging, spreads power dissipation
evenly across the chip and reduces
thermal gradients. Transistor Q13
limits the initial turn-on current of
the device, preventing possible
damage to the power transistor. Sta-
bilization after turn-on is rapid, with
the chip temperature reaching 1°C of
final value in 1 sec. The R, resistor
was made external to the chip to al-
low a wide selection of supply volt-
ages, ambient temperature ranges
and power consumption.

Performance

The final design (which has been
turned over to production) has 2-mV
and 2-na input offset voltage and cur-
rent, input offset voltage and cur-
rent drifts of 0.6uV/°C and 2 pa/°C
and input bias current drift of
15 pa/°C. A comparison with ampli-
fiers having FET input stages (Fig. 4)
shows that the heated substrate unit
exhibits better offset drift for source
resistances below 5 M(). It also has
better drift performance for any
source resistance for ambient tem-
perature above 45°C. This occurs be-
cause of the exponential behavior of
the FET’s leakage current.

Because of temperature stabiliza-
tion, there is almost no change in any
operating characteristic of the circuit
over the full temperature range. The
only exception is power dissipation,
which varies inversely with tempera-
ture.

A factor that can affect drift per-
formance of the circuit is physical
layout. Since the circuit must regu-
late its power dissipation to maintain

constant chip temperature, best con-
trol is obtained if the case-to-ambient
thermal resistance is kept as high as
possible. Therefore, heat sinking of
the can should be avoided and moving
air over the circuit should be mini-
mized. Precautions also should be
taken to eliminate thermal-electric
voltages produced by dissimilar me-
tals in contact. This can occur when
component leads are soldered to a
copper circuit board. Normally, the
thermoelectric voltage at one junction
is canceled by another; however, if
the junctions are at different tempera-
tures because of unequal air move-
ment or heat sinking, an appreciable
offset drift can result. Therefore, the
number of such junctions should be
kept to a minimum and should be
placed as close together as possible to
minimize temperature differences. =
Databank

For background information, Mr. Lieux ad-
vises readers to try these sources:

1. “Fairchild Semiconductor Linear In-
tegrated Circuits Applications Handbook”,
Fairchild Semiconductor, 313 Fairchild
Dr., Mountain View, Calif., edited by
James N. Giles. Good reference on fabri-
cation and application of LIC’s.

2. “Applying a Temperature-Stabilized
Monolithic Transistor Pair”, by J. Carryl
Lieux, Electronic Products, May 1967,
pp. 84-87. A good explanation of tempera-
ture-stabilizing circuitry.

. J. D. Lieux is a
. senior engineer with
~ Fairchild Semicon-
ductor where his
duties include circuit
design of linear in-
tegrated circuits. He
received the B.S.E.E.
from Louisiana State
University and is a
member of Tau Beta
Pi, Eta Kappa Nu
and IEEE.




Tips on cooling off
hot semiconductors
and microcircuits

Read on. Find out how circuit designers use IERC heat dissipators to protect and improve
circuit performance of semiconductors and microcircuits.

Cool off microcircuit devices with a choice of four new dissi- These special dual and quad Therma-Link dissipators permit thermal mating
pator/retainers. Example: with natural convection, a typi- of matched transistors. Therma-Link retainers do exactly as their name
cal microcircuit device dissipates 1.8 watts with case tem- says: They provide a thermal link between transistors and the chassis or
perature rise of 103°C. Add IERC’s model LBOC2-61B heat sinks. They are also available with beryllium oxide washers which
and retainer and you dissipate 5 watts with the same case have the excellent thermal conductivity of aluminum, are electrically
temperature rise. Retainer-clip may also be used alone to insulative and reduce normal mounting capacitance by '2 to Y3. The
mount package to conduction plane. washer is brazed to a brass slug or hex stud for mounting.

Fan Top Dissipators for TO-5 and TO-18 cases Help low-to-medium power transis- New ‘‘Universal’’ Spade Series for plastic transistors fits
add almost nothing to board height. Don’t tors keep their cool with IERC’s all D-case sizes. Spring clip allows for variation in
need much room on the board either. Avail- stagger-fingered LP’s. Available in case diameters. Excellent dissipation lets you boost
able for both metal and plastic cases. Spring  single or dual mounting for ther- operating power 33%. Both single and dual models
fingers make installation simple. And Fan mal mating of matched transistors. as shown. IERC has heat dissipators for all popular
Tops cost just pennies. They fitbothTO-5and TO-18 cases. epoxy and ceramic semiconductors.

Need a non-hygroscopic finish with excellent dielectric properties, 50 K megohms
insulation resistance and high heat emissivity? Use Insulube® 448. It also protects
against salt spray and fungus and other adverse environments.

Got a tough one? Our engineers welcome your inquiry for more specific information.
Write us on your company letterhead, please.

SEMICONDUCTOR
HEAT DISSIPATORS

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION A corporate division of Dynamics Corporation of America « 135 West Magnolia Blvd. « Burbank, Calif. 91502
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application-oriented
instrumentation for:

s PHOTON COUNTING — High-speed data ac-
quisition systems count single or multiple photo
events to 100 MHz with direct digital readout onto
typewriter, line printer, or on-line computer.
Ask for DATA FILE PC-9B.

s TIME INTERVAL MEASUREMENT — Timing
systems accurately measure time intervals from
50 picoseconds to 50 milliseconds. Analog or digi-
tal readout. Input sources typically photomulti-
pliers, solid state detectors, phototransistors, or
photodiodes. Ask for DATA FILE TM-3.

% DIGITAL ANALYSIS OF PEAK SIGNAL
AMPLITUDE — Analog-to-digital converter sys-
tems will digitize the amplitude of nanosecond
(and longer) waveforms with 0.4% resolution. 6.4
uS analysis time compatible with standard digital
input recording devices. Ask for DATA FILE 243.

% NANOSECOND PULSE INTEGRATION —
Linear and logarithmic ADC's integrate the total
charge of negative or positive pulses of 4 to 50
nanoseconds duration. Built-in linear gates and
stretchers. No preshaping of input pulse is re-
quired. Dynamic ranges from 10' to 104

Ask for DATA FILE 243.

i TRANSIENT WAVEFORM ANALYSIS —
Fast waveform digitizing system will record nano-
second samples of transient signal onto magnetic
tape, typewriter, or on-line computer. Full event
discrimination on basis of time correlation or
amplitude. Ask for DATA FILE WDS-1.

= LIFETIME MEASUREMENTS — Fast Start-
Stop timing techniques permit picosecond time
resolutions for measuring lifetimes of nuclear or
atomic states. Either analog or digital readout
available. Ask for DATA FILE T-208.
INNOVATORS of inexpensive, high-speed, high-reli-
ability modular instrumentation for nuclear research,
LRS is now extending these same proven state-of-
the-art techniques to similar demanding ‘‘fast pulse’
disciplines. If you have a specific problem, your
inquiry will bring prompt and specific application
assistance. We look forward to serving you.

LRS

LeCROY RESEARCH SYSTEMS
CORPORATION
NORTH ROUTE 303 « WEST NYACK, N. Y. 10994
Phone: (914) 358-7900

INNOVATORS IN INSTRUMENTATION
CIRCLE NO. 48
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PIN Diodes
Stabilize RF Level

JIM KLUGE, Senior Editor

Connected externally to the output of an RF signal
generator, this regulating circuit maintains
a constant voltage level for precise RF measurements.

A high degree of RF signal-generator
output stability is commonly achieved
through the use of an expensive
special RF signal generator or a
“bench full” of auxiliary electronic
gear in combination with an ordinary
RF generator. Either of these two
approaches involves an expenditure
of both time and money. NBS Boulder
Laboratories has resolved this prob-
lem by designing a small, low-cost
($80 of parts) device capable of auto-
matically stabilizing the output
voltage level of ordinary RF signal
generators.

Two pin diodes connected in shunt
with the signal path are the regulat-
ing elements. They are connected to
the center conductor of a 50 ) air line
and are spaced 1/4 wavelength apart
when optimized at 1 GHz. The signal
is detected, filtered and compared to
a dc reference voltage. A dc error
voltage, proportional to the difference
between the reference and the peak
signal level, is applied to a feedback
amplifier. The amplifier biases the
pin diodes to adjust the signal level
for a null in the error voltage.

The stabilizing factor of the regula-
tor at 1 GHz is 1000; that is, voltage
variations in the RF input are re-
duced by a factor of 1000 (60 dB).
The insertion loss is less than 2 dB
and the regulator has a dynamic

range of approximately 10 dB.

Although other methods for stabi-
lizing generator-signal level have
been available, this device is small
and requires no modification or
internal connections to the RF signal
source. [

Databank

L. D. Driver recommends these refer-
ences for further information:

1. “The Pin Diode”, HPA Application
Note No. 4, Hewlett-Packard, 1501
Page Mill Rd., Palo Alto, Calif. Basically
describes the pin diode—how it works,
its equivalent circuit and some applica-
tion considerations.

2. “Biasing and Driving Considerations
for Pin Diode RF Switches and Modu-
lators”, HP Application Note No. 914.
Discusses practical driving considerations
for pin diodes.

3. “An Attenuator Design Using Pin
Diodes”, HP Application Note No. 912.
Covers wideband attenuator design.

4. “Constant Impedance Pin Diode At-
tenuators”, by C. A. Prufer, Microwaves,
August 1967, pp. 46-49. Also deals with
wideband attenuator design.

5. “Wideband RF Voltmeter Comparator”,
by L. D. Driver and M. G. Arthur, IEEE
Trans. on Instrumentation & Measure-
ment, IM-17, No. 2, June 1968, pp. 146-
150. Explains in detail the operation of
voltage comparison circuit used in the
stabilizer. Also describes measures that
can be taken to frequency-compensate the
RF detector for appropriate applications
such as swept-frequency leveling.
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RF-voltage-level stahilizer biases a pair
of pin diodes, CR1 and CR2, which shunt
the RF signal path to act as a voltage-
dependent attenuator. Biasing current is
applied through switch S from emitter-
follower Q. Voltage-comparison network
compares dc levels from peak-signal de-
tector and dc voltage reference. When
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levels are equal, zero null occurs at point
(a) to set proper diode bias as determined
by op amp. CR4 is included for tempera-
ture compensation of CR3. CR7 and CR8
protect op-amp input from transients. L1
and L2 are series elements of pi-section
low-pass filter. L3 provides dc path for
pin-diode bias currents. Coil inductance

of L3 and 1l/4-wavelength spacing of
diodes are optimized for a minimum
VSWR at 1 GHz, typically 1.02. For ap-
plications requiring minimum VSWR
over a wide frequency range, typically a
sweep generator, a more complicated
diode configuration, such as a bridged-T,
would be appropriate.

Although optimized at 1 GHz, stabilizer is
useful at other frequencies (right). Re-
cordings of generator output versus
frequency, both with and without level-
ing, show improvement in output stability
of a swept-frequency generator. Although
adequate, performance of stabilizer (for
swept-frequency leveling) can be im-
proved by frequency compensation

of its internal RF detector.

L. D. Driver of NBS adjusts internal ref-
erence of RF signal stabilizer he developed.
An electronics engineer at NBS Boulder
Labs. for 6 years, he has a B.S.E.E. from
Kansas University and has done graduate
work at Kansas University and the Univer-
sity of Colorado.

DETECTED QUTPUT FROM
RF SWEEP GENERATOR (volts peak)
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DETECTED OUTPUT FROM
PIN STABILIZER (volts peak)
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RF FROM SIGNAL DIODE AdLANGE S BT
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RF signal stahilizer detects RF signal sup-
plied by an ordinary RF generator and
compares it with a dc reference voltage.

- ERROR ADJUSTABLE
P DC
AMPLIFIER CO——————1 REFERENCE

Error signal is amplified and applied as
bias to pin diodes to correct for varia-
tions of RF input level.
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If one of your pet projects is suffering from

NS

¥
'\.'

heat exhaustion, Mystik may have a solution.

We have tapes that prevent proj-
ects from going up in smoke.

One of them is sure to fit your par-
ticular needs.

Take our Teflon* film tape, for ex-
ample. It can withstand temperatures
of —100 degrees F to 450 degrees F.
It's an excellent insulator for all kinds
of electrical equipment.

¥ DU PONT REGISTERED TRADEMARK
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If you're more interested in shield-
ing heat, we'd recommend our alumi-
num foil/ glass cloth tape. It's been
known to shield as much as 6,000 de-
grees F during short term rocket
blastoff.

We have plenty of other tapes, too,
for all kinds of jobs. Printed circuits.
Ground lines. Electro-plating. Just

CIRCLE NO. 8

about any tape connected with the
electronics and electrical fields.
Check us out in the Yellow Pages
under “Tapes.” Or write direct to Dept.
MT-7, Borden Inc/Chemical Divi-
sion, Mystik Tape, ®
1700 Winnetka MYSTIK
Ave., Northfield, TAPE ’
Illinois 60093. THE MARK-OF QUALEY




HELP YOURSELF
TO ANY FUSITE
SECRET IN Here’s how electronic component engineers, designers,
and specifiers get quick-response help from Fusite to
GL Ass TECH NOLOGY solve any problem in sealing glass applications:
they simply send specs and state the problem.
We automatically go first to our twenty-five year file experience, extract
the problem-solution, and send it to you. Free of charge. If your glass problems
can’t be answered from the files, we put one or a team of Fusite engineers to work.
Either way, you can depend on us to come up with a solution. Next time you
have a routine or crash program with a sealing problem, call Fusite first. Another
thing you should know about Fusite: were the only sealer with formulation, smelting,
and preforming experience in technical glasses. Learn to lean on our glass knowledge.
Call Fusite in Cincinnati or any Fusite foreign plant! Fusite N.V., Konigweg 16,
Almelo, Holland; Fusite-Japan, Gotemba, Japan; Terminal Products, Hormigueros,

Puerto Rico; or, Fusite GmbH, Dieselstrasse 5, Karlsruhe, West Germany. Fusite
Corporation, 6000 Fernview Ave., Cincinnati, Ohio 45212 . . . phone (513) 731-2020.

<

GLASS-TO-METAL HERMETIC TERMINALS
GLASS / GLASS-CERAMIC PREFORMS & SUBSTRATES
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Audio IC Doubles
As Regulated Power Supply

SZABOLCS WALKO, Raytheon, Canada

A standard IC 2W audio am-
plifer, plus a few discrete
components, forms a com-
pact regulated power
source.

As integrated-circuit use increases,
the need arises for regulated power
supplies for these circuits, preferably
IC types. With the addition of a few
external components, a standard
PA237 audio amplifier integrated
circuit can be converted to either a
series or shunt voltage regulator
with medium power capabilities.

Series regulator configuration (right). A
small amount of quiescent current (about
3mA) flows through transistor Q3, but
since this transistor, as well as Q6 and
Q7, does not participate in the regulator
action, they are not shown. Transistor Q9
is a P-channel junction FET that serves
as a constant current source. Transistor
Q8 acts as a current limiter and potenti-
ometer R1 sets the output voltage level.

Q1

<

<

<
O~

o

Basic diagram of PA237 integrated circuit.
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Schematics of the General Electric
PA237 IC and its application as
series and shunt regulators are given
below. Performance of the regulator
is limited by the maximum ratings
of the integrated circuit. Maximum
unregulated input voltage is 27V and
peak currents up to 225 mA can be
tolerated. With the regulator output
short-circuited at maximum input
voltage (27V), output current limit
can be set as high as 83 mA before
the package rating of 2.25W is ex-
ceeded. However, in view of secondary

breakdown and reliability considera-
tions, it is advisable to adjust the cur-
rent limiting to 50 mA.

Under normal operating conditions
the circuit will dissipate a maximum
of 600 mW with a 27V input and 50-
mA load. The performance of the cir-
cuit is as follows for input voltages
between 17 and 27V:

0

Line regulation v, = 0.4 percent
: Vll
Load regulation 7 0.6 ohm

0

0= =
10k y
04 s ._— INTEGRATED CIRCUIT
|
Q9
2N4360
MPS2711
8
1——-40 )
B.
' :: 10
3
f
,EK_‘ E
2
()
O
INTEGRATED\CIRCUIT Vin
Q6
03 S |ou
<
Shunt regulator diagram. Q2 a7
Unused portions of inte- S
grated circuit are not
shown. R =



Design Ideas

Output voltage (adjustable)
= 15V (nominal)

In the shunt regulator diagram
the unused part of the circuit com-
prising transistors Q1, Q4 and Q5
is not shown. The advantages of
this circuit are its inherent current
limiting as well as its simplicity. The
disadvantage is the fixed output volt-
age that is determined by the zener
diode.

Minimum obtainable output volt-
age is about 3V. In the integrated
circuit the worst dissipation occurs
without a load. The maximum out-
put current changes between 110 and
220 mA, depending on the input volt-
age (17 up to 27V). In order to main-
tain constant output voltage with
temperature change, the temperature
coefficient of the zener diode should
be opposite that of the base-emitter
diode of Q2. The temperature depend-
ence of the transistor’s h,, also con-
tributes to the output voltage drift.
Together, they result in a drift of
approximately 0.5 mV/°C. A better
thermal match is difficult to achieve
because of the spread in the tempera-
ture coefficient of the zener diode.
Performance of the shunt regulator
for input voltages between 17 and
27V is:

Line regulation
g

a

0.25 percent

u"\v‘

Load regulation 0.13 0)

(
Maximum output current
110-220 mA

Output voltage 6.6V (nominal)

The primary goal of this article is
to illustrate two basic power supply
designs. The reader can use his imag-

(Continued)
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Nurse’s aide?

Sure. And medical technician’s.
And doctor’s, too, for that matter.

Anybody who has to operate
medical instrumentation sooner or
later will appreciate the advantages
of our circuit breakers over the
usual fuse arrangement.

You don’t have to keep replace-
ments on hand. Or worry about
having the right size. Or remember
where you put the spares in
an emergency.

(It may sound melodramatic
to say so, but under certain
circumstances, a breaker could
save a life.)

As a designer, you naturally
have to worry about cost. But,
with OEM discounts, our Series JA
breaker is quite reasonable.
Particularly when you consider

HEIiNEMANN

the kind of premium protection
it provides:

e ultra-precise current ratings,
from 0.020 to 30 amp

e response characteristics job-
matched to the specific needs of
your equipment

e special-function internal
circuits: (like relay-trip, for example)
that can greatly simplify equipment
circuitry

e color-codability for instant
recognition

e five year warranty

Our Bulletin 3350 will provide
you with all the details you’ll need
to prescribe the right JA breaker
for your next medical instrument.
It’s yours for the asking.
Heinemann Electric Co.,

2626 Brunswick Pike,
Trenton, N.J. 08602.

4032
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LAMP DRIVERN,

FLASHERS,
SINGLE-SHOT

The Varadyne Lamp Drivers, Flashers, and
Single-Shot Pulse Generators are contained
in a capsule which can be ‘‘snap-attached”
to the back of all major manufacturers’
1”x 34” lamp housings. As illustrated, spring
clips are provided on back of Varadyne unit
to which standard switch assemblies are
attached for normal switch operation.

Thi
S CaDSU/e
contains 4 drivers

Drivers also available in 3 or 4 lead config-
uration for PC-board or other mounting.

Write for complete and comprehensive data sheets.

VARADYNE, INC. 1805 Colorado Ave. e Santa Monica, California 90404
S SRR o Y
VARADYNE
R A S NS

Tel. (213) 394-0271, (213) 870-9094 TWX (910) 343-6856
CIRCLE NO. 51
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Audio IC Doubles (Cont’d)

ination in developing applications
based on the ideas presented here.
For example, the output power capa-
bilities of both regulators could be
increased quite easily by using an
additional external power transistor
and the regulator as a driver. The
circuit also could be used to build a
switching-type regulator or to control
a thyristor. O

Databank

For more detailed information the
author advises readers to check these
references:

1. “D-C Regulated Power Supply Design”,
by E. C. Wilson and R. T. Windecker,
Texas Instruments, Dallas, application
report, 1960. Detailed discussion and de-
sign of a voltage regulator.

2. “Power Supply Handbook”, by P. Bir-
man, Kepco, Flushing, N.Y., 1965. Deals
with all aspects of power supplies.

3. “D-C Power Supply Handbook”, Hew-
lett-Packard, 1967. Extensive coverage of
circuitry, features, specifications and mea-
surement methods.

4. “A Versatile, Monolithic Voltage Regu-
lator”, by R. J. Widlar, National Semi-
conductor, Santa Clara, Calif.,, 1967,
Application Note No. 1. Integrated circuit
controls series pass transistor.

5. “Power Regulation and Control Using
Multifunctional Integrated Circuits”, by
Embree, Fisher and Hamilton, Proc. IEEE,
August 1967, pp. 1466-1476. In-depth
discussion of temperature compensation,
stability, noise and close tolerance on out-
put voltage.

Szaboles Walko is a circuit design en-
gineer at Raytheon, Canada. He currently
is working on secondary radar equipment.
He received his engineering degree in
1961 at the Technical University of
Budapest.
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Let's talk some straight cermet potentiometer facts about
Bourns new cermet Models 3069 and 3009. They're just $1.45*
Both feature Mil-Spec immersion seals for trouble-free opera-
tion after being subjected to printed circuit board processing.
And there’s the +0.05% settability. Bourns cermets have
tinned pins for compatability with both automated and hand
soldering methods. They're round .021 diameter pins which
alleviate complicated printed circuit board fabrication.
Bourns cermet potentiometer's space-saving size is comple-
mented by an RJ11 pin configuration if you want it. Bourns
new cermets have two more exceptional features: Date Code
Traceability and Temperature Coefficient maximum of 150
ppm/°C over the entire temperature range.

These, then, are the facts. No embellishments, no frills.
Bourns tells it straight because it best explains what the
Models 3069 and 3009 do—and why. Electrically, they're
identical. Physically, they differ slightly, but for a good
reason. Those last four words say a lot about these two new
Bourns cermets and the versatile Bourns line. It's really why
we design a product in the first place.

Comgplete data on the new Bourns cermet potentiometers —
Models 3069 and 3009 —is available upon request to the
factory, your local Bourns Sales Office, or representative.

*500-piece unit price

" Reliability
Sealed 1!

Actual Size

3009 P 3009 Y 3069 P
(RJ11 Pin Configuration)

SPECIFICATION TABLE

Standard Resistance RanNge ... 10 ohms to 1 megohm
Resistance Tolerance : =+10%
Power Rating . 0.75 watt
Operating Temperature Range —55 to +125°C
Temperature Coefficient 150ppm/°C**
Immersion MIL-R-22097

Dimensions
Terminals....Printed C

#*100 ppm/°C available

... 3009 -.75 x .19 x .35; 3069 - .75 X .25 X .35
ins—RJ11 configuration available on 3009

BOURNS

BOURNS, INC,. TRIMPOT PRODUCTS DIVISION
1200 COLUMBIA AVENUE, RIVERSIDE, CALIFORNIA 92507
714 684-1700 - TWX: 910 332-1252 + CABLE: BOURNSINC

TRIMPOT®AND PRECISION POTENTIOMETERS - MINIATURE RELAYS - RESISTORS - ELECTRONIC MODULES « TRANSFORMERS + INDUCTORS AND CERAMICS
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Design engineers’ favorite

Series A. Fully sealed high Series DD. Shell takes two Series D in-
reliability connector. Ma- serts, providing up to 156 contact posi-

chined pins and sockets, tions. Cavity identification front and rear.
reliable gold over nickel Quick center fastener. Same contacts and
plate. Precision crimped. operating characteristics as Series D con-
Available in 50 and 100 nectors. Optional ac-

& i in

contact versions with.100" cessories
center spacing. include
straight or
90° shields
and cable
clamps.

0.2 L AL 5

v WIRiA N4 %

S E NS DT

Series M.
Least compli-
cated of all, these
pinand socket connec-
tors consist of a phenolic or
diallyl phthalate block and snap-in con-
tacts. They accept a number of contact
types, including subminiature COAXICON*
coax contacts. Available with pin hoods,
cable clamps, polarizing pins. From 14 to
104 positions per connector. Meets MIL-
C-8384.

Series WW. Shells incorporate two Series W
inserts back-to-back, provide up to 90 con- <

—
T

tact positions. Center fastener. Three pol-
arizing posts prevent mismating. Same
insert materials and contacts as used
in Series W connectors. Accepts coaxial
contacts.

TERMI-BLOK* terminal

junction modules. Revolutionary sealed

modular commoning system for flexible wiring in

airframe, aerospace, and ground support equipment.

Vibration-proof modules. Triple-sealed. Positive contact

retention. Three module sizes accept wire sizes 24 thru

12 AWG. Up to 400°F continuous operating temperature.
¥/, Any module removable without electrically or mechanically

’Aisturbing other modules. High density, weight-saving feed-to

" and feed-thru bussing and splicing.

*Trademark of AMP Incorporated



connectors

ARINC type. Fully environmental rack and
panel connector with crimp, snap-in, front-
extractible contacts. Intermateable with
present ARINC connectors. Dual-spring
socket contact assures consistently reliable
performance under vibration and overload con-
ditions. Silicone sealed front and rear. Hard dielec-
tric clip and contact retainer. Contacts crimped, inserted
and extracted with MS tooling. Automated tooling available.
For any plane that flies.

Series G. Series D. Rec-
Versatile tangular pin-and-
modular socket connector
connector. Var- with glass-filled
lous module styles ac- diallyl phthalate
cept several types and inserts in alumi-
sizes of pins and sockets. num shells. Accepts "N
Snap one, two, or three mod- five types of solderless
ule inserts into the die-cast snap-incontactsinvarious sizes
aluminum housing. Snap in de- from 10 thru 20, including subminiature coax con-
pendable crimp type contacts. High- tacts. Gold over nickel plating on contacts. Raised
speed assembly tooling assures lowest cavity identification. All parts made of non-magnetic
installed costs. Mix power contacts and materials. Maximum operating temperature 4 150°C,
coaxial circuits. For 32 thru 8 AWG minimum -65°C. Meets MIL-C-21617 specifications.
wire sizes. Available with up to 78 contact positions.

Series W. High reliability aircraft and military
connector. Polarized shell of die-cast aluminum.
Diallyl phthalate inserts provide excellent me-
chanical and electrical properties. Crimped pin
and socket contacts of various types and sizes
20 thru 16 snap into housings from rear, are easily
removed. Cantilever contact in each socket provides con-
stant contact pressure. AMP’s automatic crimping machines
permit application rates of more than 2,000 contacts per hour.

One of a family

of automatic and
semi-automatic
machines for
high-speed
application
of contacts.

Pin and socket/coax mix. All A-MP
pin and socket connectors with
size 16 pins and sockets will accept
the subminiature COAXICON coax
contact. The Series M, G, and W
connectors also accept larger coax and
twin coax contacts. COAXICON contacts are
applied with a single stroke, fit most types of
miniature RG/U and shielded cable. As many as
156 coaxial and pin or socket contacts may be
mixed in any pattern. For more information, write

AMP Incorporated, Harrisburg, Pa. 17105.

..all from AM L=
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Three-Layer Triggers Control Load Protector

THOMAS B. STEPHENSON, Western Editor

AN OVERVOLTAGE, OVERCURRENT PROTECTOR FOR 20A LOAD

and Q5 is 240A. Should load short-circuit
at peak line voltage (168V), circuit will
not be damaged if total source impedance

| of supply line is greater than 0.7 Q. Q4

[ OVERVOLTAGE | romm S L AR | TR R o e I
OVERVOLTAGE )WVERCURRENT DETECTOR ! POWER DRIVE
LINEA | DETECTOR OVERC I DETECTO POWER DRIVER
| T D9
1 3 R6 R IN4004
R9
3.3k W

|

|
R3]
1k 10W l 215k W

]

|

I

|

I

|

|

I

|

|

| |

I I

| |

| |

cl

: 0.25 sF e | 0.5 F 400V |
200V I R8S I
115 VAC | D2 | 2.2k2 |
60H2 | IN4004 | W |
| I |
| I {— |
| | ‘35 |
NST169
| l A
I I I
l ' |
I |
| 1 :
LINEB | | |
: r '
ST Y O e e v T B e A s St Pl RLOE )

Three basic sections comprise protector.

Power Driver

When Line A goes positive with respect to
Line B, capacitor C2 charges through re-
sistors R6 and R7. When breakover volt-
age across three-layer diode CR8 (about
28V) is reached, CR8 turns on, causing
SCR Q4 to conduct. Full line voltage, less
forward voltage drop of Q4 (about 1V),
appears across R,. Same voltage is ap-
plied across CR9, R9 and C3 in series.
C3 charges until line voltage reaches
peak.

When line voltage falls off from peak
value, CR9 becomes reverse-bhiased, C3
discharges through R8 and gate of Q5.
Values of R8, R9 and C3 are selected
such that, as line voltage goes through
zero, ample charge remains in C3 to gate
on Q5. Thus, Q5 is slave-fired by Q4, but
both SCR’s switch off automatically as
line voltage reverses.

Overcurrent Detector

This circuit is designed to prevent CR8

from firing Q4, thus keeping load R, off-

line. It must act before voltage across C2

and R7 reaches breakover voltage of CR8.
When Line A goes positive with respect

to Line B, Q1 and Q2 are biased on
through R3, allowing load current prior
to breakover of CR8 to flow through sense
resistor R. If R, >> R, R, acts as current
source, voltage across R, is proportional
to load current. If voltage across R, is
sufficient to forward-bias CR5 and gate of
Q3, then Q3 turns on, clamping voltage
across C2 and R7 to about 1V. CRS8 is
locked off, Q1 and Q2 turn off for lack of
base drive by CR7. Load current now lim-
ited to leakage currents of Q1, Q2, Q4
and Q5, and supply to fault indicator
lamp PL.

Constants as given handle up to 20A
continuously. R, must be held to about
1/10 R,. Voltage divider R12 and R2 al-
lows adjustable trip-point. R12 is set
such that voltage at point A fires Q3 be-
fore collector current of Q1 reaches 3.5A,
the design limit. CR4 protects Q1 and Q2
from reverse line voltage. R4 compensates
for leakage current through Q1. CR5
and CR6 form “OR" gate, tying both over-
current and overvoltage circuits to Q3.
R7 limits discharge current of C2 through
Q3.

Maximum forward surge current of Q4

and Q5 will be switched out within 1/2
cycle of a fault. If a worst-case fault is
anticipated, 5-uh of choke in series with
R, will amply protect the SCR’s from ex-
cessive short-circuit current. Circuit is
automatically restored when fault is
removed.

Overvoltage Detector

Shown is peak-voltage detector, which
senses excess voltage on negative half-
cycle (Line B positive with respect to Line
A). It locks out Q4 and Q5 as long as over-
voltage persists. C1 charges through CR1
and CR2 to level set by voltage divider
R11 and R1. D2 prevents C1 from dis-
charging through R11. R11 is set so that
C1 charges to less than breakover volt-
age of CR3, plus sum of forward voltage
across CR6 and gate drop through Q3
under normal line voltage conditions.
When this voltage is exceeded, CR3
breaks over, discharging C1 through CR6,
into gate of Q3.

Time constant of R11, R1, C1 combina-
tion must be long enough to assure ade-
quate gate current to fire Q3 when line
goes positive. Circuit restores automa-
tically when overvoltage is removed.

VOLT-AMPERE CHARACTERISTIC
OF THREE-LAYER DIODE

14+ BREAKOVER
POINT
v
= +
BREAKOVER
POINT -

These are silicon annular three-layer
bilateral triggers. They exhibit symmetri-
cal negative resistance switching charac-
teristics. Inexpensive and durable, they
are useful in thyristor triggering cir-
cuits such as shown.
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Design Ideas

Overvoltage and overcur-
rent protection reacts with-
in a half-cycle, resets auto-
matically.

Voltage-breakover characteristics of
three-layer diodes offer protection to
excess load voltages or currents. Their
unique volt-ampere response is used
to trigger a lock-out circuit that dis-
ables a pair of power thyristors
(SCR’s) when load rating is exceeded.
The protector reacts within a half-
cycle to lock out or reset automatic-
ally.

The design is noteworthy because
no current-sensing element is re-
quired in series with the load as is the
case in most circuits of this gender. =

This article is one of a series of six
articles prepared by the Industrial
Applications Group, Motorola Semi-
conductor Products Div. Circuits
presented were developed to meet spe-
cific customer problems in medium-
power conversion, switching and
motor control applications. These six
designs are selected from the Motoro-
la Handbook, “Semiconductor Power
Circuits”, published in October 1968.

Bob Gregson, of Motorola Semiconduc-
tor Products Div. Industrial Applications
Group during the past 4 years, attended
Northeastern University, and worked at
the Instrumentation Lab of MIT prior to
Motorola. He has six patents pending.

Yes, an RF connector can manu-
facture time. If its simple K-Grip®
design can save you 80% of s
assembly time. Or if its uni
TR-5® finish ensures extr
uninterrupted, corrosion-
- equipment s
tails; we'll
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Timer Design

With Programmable UJT’s

CARL BROGADO, E. Bollay Associates

A new semiconductor de-
vice, the programmable
UJT, teams well with the
FET in designing stable
timers.

Semiconductor timers have found a
new friend in the programmable UJT.
When coupled with an FET constant-
current source and a high-quality
capacitor, a highly versatile, adjust-
able and stable delay circuit can be
constructed. The key to this high
performance is the programmable

unijunction transistor, designated
PUT.

PUTs offer very high sensitivity
along with low peak-point current
and low leakage.

Other more obvious advantages of
the PUT are the programmability
ofm, I, I, and R,,; ability to generate
fast, high-energy pulses; selection

of firing voltage, and low cost.

The author designed a 6-sec timer
Selected for low I, and high I,.. A low-
leakage diode provided temperature
compensation of the anode-to-gate
voltage V,,. An FET constant-current
source permits a linear and adjust-
able charging characteristic. Fre-
quency stability is excellent over a
wide temperature range.
Databank

Interested in some references? Carl
Brogado suggests these:

1. “Unijunction Transistor Timers
and Oscillators”, Application Note
No. AN-294, Motorola Semiconduc-
tor, Scottsdale, Ariz. Gives detailed
advantages of using a constant-cur-
rent source to charge timing capac-
itor.

2. “The Field-Effect Transistor Con-
stant-Current Source”, application
note, Siliconix, Inc., Sunnyvale,
Calif. Shows typical designs using
FET as a constant-current source.

Design Ideas

3. “General Electric Transistor Man-
ual”, Seventh Edition, Syracuse,
N.Y. Chapter 16, p. 391, “Under-
standing PNPN Devices”, fully ex-
plains a two-transistor amplifier with
regenerative feedback as applied to
an SCS switch, which is in proximity
to a programmable unijunction.

Carl Brogado is now employed at Trans-
former Electronics Co., Boulder, Colo. He
did circuit and systems design at E. Bollay
Assoc., Inc., Boulder, Colo. Prior to 1-1/2
years at Bollay, he did research at Gen-
eral Precision Corp. Education includes
Glendale Junior College, San Jose State
College and University of Colorado Ex-
tension Center in Denver.

Q1sv
Q x|
2N5163 Unless otherwise indicated, component values are:
9 resistors: ohms; inductors: mh;
- capacitors: decimals — uf, no decimals — pf J
4.3M Rs g
33.2k S
R, Q
k 2 CR
#n D13T2
R =3
Rs 4
(5 K OUTPUT 1:10M R4 :)
1.0uF
L u 47 30.1k
= X

PUT timer design benefits from FET con-
stant-current source to provide 6-sec
linear charging characteristic. PUT was
selected for low |,, high 1. Timing
capacitor C is low-leakage metallized
polycarbonate that is charged from
constant-current source Q1, R1 and R2
to generate linear ramp. Voltage on C
increases linearly with time until PUT

conducts. Firing voltage is determined
by voltage divider R3, R4. R5 forward-
biases CR. CR compensates for negative
temperature coefficient of PUT anode-
to-gate voltage, V,,. Changing value of
capacitor C varies timer delay over range
of 1 sec to 5 minutes. Frequency stability
is better than 1.5 percent from —25°C
to +75°C.

trigger pulses.
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Programmable UJT (PUT) is equivalent to
pnp-npn cascaded configuration with
three external connections. Gate voltage
determines triggering level. Conduction
of pnp supplies base current to npn.
Collector current of npn turns on pnp
harder, providing a regenerative switch-
ing effect and in turn fast, high-energy



At .0008" Dia. ... there is no second source

The tungsten carbide capillary tip and its complete family
of accessories for thermal compression nailhead bonding
was created and introduced by Tempress in 1963. . .. Only
from this pioneering source can you purchase the entire
system, designed from the beginning to give maximum
efficiency: tungsten carbide capillary tip, heated shank
and power supply that provides constant capillary
temperature from 0° to 350°C, testing pyrometer
for the tungsten carbide tip, capillary unplugging
fixture and punches, and flame-off torch with sap-

phire orifice insert. Tempress also created and supplied
the tungsten carbide ultrasonic bonding tool and pioneered
its technology. . . . When you purchase Tempress miniature
assembly tools and production equipment, you tap the ulti-
mate source of high precision...the Tempress Standard of
Excellence. Infields demanding high precision,such as semi-

conductor manufacturing, there is no second source.

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, Calif. 94086
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Design Ideas

Unique Technique Expands
Programmable Digital Clock Capabilities

Programmed digital clock continuously compares the derived period
of the desired frequency to the pulse count of a master clock.

NEAL WALTERS and JACK DICKERSON, IBM Corp.

The programmed digital clock system con-
tinuously compares the derived period
of the desired frequency to the pulse
count of a master clock. An offset con-
stant C is added to each new address
(A C) to establish lowest selectable
output frequency. Two's complement of

DIGITAL ACCUMULATOR
ADDRESS (A)
2's COMPLEMENTOR
AND
SUMMATION CIRCUITRY
OFFSET | OSCILLATOR | K | INCREMENTAL
CONSTANT (C) (system clock) COUNTER

P PULSE Fo
GENERATOR

COMPARATOR

the sum is digitally divided into a sec-
ond constant K’ (review on next page). At
the end of a division cycle, quotient Q
stored in accumulator register is com-
pared continuously with the increment
counter output at master-clock fre-
quency K. When equality is sensed, out-

The programmable digital clock
(PDC) produces a given frequency
from a corresponding address that is
used to derive the period. Clock fre-
quencies can be changed as fast as
the PDC system delays will allow.
This approach yields a high-resolu-
tion clock that is more flexible than
the selective clocks developed by a
scalar technique.

The lowest selectable output fre-
quency (offset constant) is determined
and added to the address corres-
ponding to the required frequency.
Through digital division, PDC creates
and stores a number equal to the
period. By appropriately counting
the master clock pulses and con-
tinuously comparing the count to
the stored period, the desired fre-
quency will be produced.

The high resolution of PDC is
achieved by either increasing the
frequency of the master clock or
decreasing the binary constant K’

112 Design|/Systems|Digital

put pulse P is generated. If a symmetrical
square wave (F ) is required, equality is
sensed at one-half of quotient value
and the output pulse toggles a flip-flop.
Shorter pulses are derived by the out-
put pulse triggering a one shot at vari-

ous duty cycles.

used as the dividend in the digital
division. Increasing the frequency of
the master clock will increase the
incremental counter size. A wider
range of frequencies can be obtained
by decreasing K’ for a given number
of consecutive addresses. However,
decreasing K’ will also increase the
size of the arithmetic and accumu-
lator registers.

Accuracy, an important item, de-
pends upon the quotient (period)
that is determined by the accumu-
lator size. The better the accuracy
the larger the number of accumulator
stages. The accumulator size in turn
will influence the number of compari-
son stages and the incremental coun-
ter size.

The concept of PDC can be used in
data handling, radar and telemetry
applications. It is ideal for automatic
testing and measuring in either a
factory or a laboratory. The PDC
concept presently is being used for

a digitally controlled “buzz” source
in an experimental terminal analog
speech synthesizer.

Acknowledgments

The authors wish to express their
appreciation to four associates in
IBM: H. Deutsch and D. S. Garris
for their many suggestions during the
idea design phase; J. S. Sikora for
his assistance during implementa-
tion, and H. D. Maxey. =

Databank
The authors who collaborated on this story
also collaborated on references. They rec-

ommend.:

1. “Digital Computer Design Funda-
mentals”, by Yaohan Chu, McGraw-Hill,
New York, 1962. Good reference for under-
standing operations (complementing, add-
ing, dividing) in binary.

2. “Perform Binary Division Fast”, by
Martin S. Schmooker, Electronic Design,
July 12, 1966, pp. 61-65. Presents a good
review of several ways that binary divi-
sion can be performed.




Equipment design frequently involves problems of field maintenance or
circuit updating. Cinch component sockets provide inexpensive and effec-
tive solutions without compromising reliability.

DIP sockets for 14 and 16 lead DIP’s are typical of Cinch specialized
miniature sockets. Available in GP black phenolic or SDGF diallyl phthalate,
they have extremely high resistance to shock, vibration, humidity and
corrosive atmospheres. Contacts are gold or cadmium plated beryllium
copper with low contact resistance.

IC sockets for 6, 8 and 10 pin TO-5 cased devices, miniature NIXIE Tube
sockets and Subminiature relay sockets are just a few of the other com-
ponent sockets Cinch manufactures.

For information on DIP sockets and other Cinch interconnection devices,
write to Cinch Manufacturing Company, 1501 Morse Avenue, Elk Grove
Village, Illinois 60007. c-6818

CINCH

Actual size
MEMBER DIVISION OF UNITED-CARR
: CONSISTING OF CINCH MANUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MONADNOCK, CINCH-NULINE. UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT
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Digital Clock (Cont’d)

ASSUME: K'=817

A+C=19
MREGISTER | | 5 | 3 | 4 | 5 | 9 ) "
(A+C)] 1 =
_
o |
A+C . '
(A+C), 2 K's K'yo
» K
2
(A+C) (A+C)4 PARALLEL 3
2's COMPLEMENT C e ADDER K'
3
(A+C)4 4
_
K's
(A+C)5 5
e==asagl
K's
IQRRY “M” REGISTER SET
CONTROL
Brief Review ofTwo's Complement Division
x f ivi k he dividend K*
15 Gfanerare '_he 2's complement of the divisor and keep the dividen ACCUMULATOR Q-
in true binary. A+C
2. Logically add the divisor to the MSD of the dividend. - Pl
3. If the addition produces a carry (positive remainder), entera ‘‘one’’ OPERATIONAL ADDER ' M REGISTER | ACCUMULATOR
in the quotient. Save the sum and bring down the next bit of CYCLE STEP CARRY | OUTPUT CONTENT CONTENTS
the dividend. Shift the divisor and add. ST = =T 1 [
4. If there is no carry (negative remainder), enter a ‘‘zero’’ in the CONDITION = i 0 00000 | 1100110001 000000
quotient. Discard the logical sum,shift the divisor and add again.
7 ) 1 Add 1 00110 1100110001 000000
5. Repeat the process until all bits of the dividend have been brought down. Set Accs 1 00110 1100110001 000001
Set M 1 00110 0011010001 000001
e Quotient Shift M and Acc. 1 00110 | 0110100010 000010
EXAMPLE: 817+19= 43 1100110001 } 2 Add 0 11010 0110100010 000010
817 1100110001 in binary 01101 Set Acc. 0 11010 0110100010 000010
19 10011 in binary Sum 10011010001 1 SQTM 0 11010 01101000 10 000010
19 01101 in 2's complement 0011010001 Shift M and Acc. 0 11010 1101000100 000100
43 101011 in binary Shift 01101 3 Add ) 001 1101000100 000100
Siii WOOOOT 0 Set Acc. 1 001 1101000100 000101
Rest L 11010001 = Set M 1 00111 0011100100 000101
osiore Shift M and Acc. 1 J0111 0111001000 001010
Shift 01101 4 Add 0 11011 0111001000 001010
Sum 100111001 1 Set Acc. 0 1011 0111001000 001010
00111001 Set M 0 110m 0111001000 001010
Shift 01101 Shift M and Acc. 0 11011 1110010000 010100
el L1 Y 1| oo | imootooo | oioion
t Acc.
Re;::;e 0;:}00] Set M 1 01001 0100110000 010101
S' t —_onor_ 1 Shift M and Acc. 1 01001 1001100000 101010
L 101001 1 6 Add 1 00000 1001100000 101010
’ 010011 Set Acc. 1 00000 1001100000 10101
Shift 01101 Set M 1 00000 0000000000 101011
Sum 100000 1 STOP: Answer is in the Accumulator; Remainder in M.

Basic block diagram of two’s complement division cir-
cuit. Division timing is controlled by a counter syn-
chronized with master clock. Each division cycle pro-
duces one bit of quotient and subdivides into the fol-
lowing steps: (1) Add MSB of “M" register to the in-

cumulator. (3) If carry is “‘one', enter adder output
into MSB of “M" register. (4) Shift “M” register and
accumulator left one bit. Assume initial conditions of
“M” register is binary number K’. Chart illustrates
the contents of each register after the operational

put. (2) Place the carry bit into the LSB of the ac- step has been carried out.

Buzz generator designed to cover male range of in-
tonation in a terminal analog speech synthesizer.
Utilizing a 65.536-kHz crystal oscillator and seven-
bit address provides frequencies from 64 to 192 Hz
in 1-cycle increments.

Jack Dickerson is a 12-year veteran of IBM Corp.,
Research Triangle Park, N.C. At present he is a staff
engineer in the Multiplexor Products Group, Systems
Development Div., and has been granted two patents.
This is his third article published in EDN (May 1962,
December 1962).

Neal Walters is a Senior Associate Engineer and his
duties involve logic and circuit design for the system
development group of Research Triangle Park, N.C.
He has been with IBM for 2-1/2 years.
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Who says relay specs are dull reading?

Not us. We're sure you’'ll find the specs of these two popular models positively
fascinating. Want more info ? Write: 15650 W. Carroll Ave., Chicago, lll. 60607

GUARDIAN"

GUARDIAN ELECTRIC MANUFACTURING COMPANY
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Pick a number...

Only Amphenol lets you pick from
all four PC connector families

No matter which printed circuit connector family you choose, Amphenol produces it.

In hundreds of thousands of combinations. No one else gives you this choice.

Expect to save. While gold, copper-and labor costs go up, we keep modernizing
production methods. Enough to maintain prices, even reduce them. We can show

you how to save with all four families.

Check the PC connector families below. Then call your Amphenol Sales Office or
Distributor. The connector you need is probably on the shelf. If it’s a special we can

help you design it. Write today for new PC Connector Catalog PC-5. Amphenol In-
dustrial Division, The Bunker-Ramo Corp., 1830 S. 54th Avenue, Chicago, Ill. 60650.
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BIFURCATED BELLOWS
CONTACTS For smooth,
positive mating action— that’s
easy on your PC board surface
— pick Amphcnol s 225 Series. Bifurca-
tion provides 2 points of contact, even
on irregular surfaces. Bellows action
exerts positive pressure, even under ex-
treme vibration. Gives you thousands of
insertions and withdrawals without fail-
ure. Nine sizes, ten tail styles, four
mounting configumtions, two contact
platings, and solder, taper pin or Crimp
Poke-Home® terminations. Exceeds
MIL-C-21097B.

TUNING FORK CON-

TACTS For the lowest con-

tact resistance in the industry

today—even with PC boards
at the extremes of tolerance in thickness
— pick Amphenol’s 143 Series. Amphe-
nol’s tuning fork contacts provide ex-
cellent current-carrying capability with
uniform tine pressure and positive wip-
ing action. For non-direct card entry
applications, the 143 Series receptacle
can be mated with a 133 Series plug.
Nine tail styles, eight sizes and choice of
solder or solderless wrap terminations.
Series 233/243 exceeds MIL-C-21097B.

PRI

PRELOADED CANTILE-

VER CONTACTS Foralow

cost, high performance con-

nector—designed especially for
automatic wire wrapping—pick Amphe-
nol’s 261 Series. Cantilever contacts are
confined in the dielectric to a predeter-
mined load force. This gives you uniform
pressure and positive mating action. Con-
tacting surfaces have a minimum of 50
microinches of gold over phosphor
bronze. Wire wrap capability on .100”,
125”7, .150”, .156” and .200” centers.
Also, high contact density multi-board
connectors for your special applications.
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MODULAR PLATE ASSEMBLIES For custom
designed specials at production line prices—with up
to 36,000 contacts—pick Amphenol’s 230 Series
Snap-Wrap® or 240 Series Mini-Wrap® connectors.
Design your own interconnection system using Amphenol’s
building block concept. The contacts you need are inserted into
nylon insulators and mounted into aluminum plates. These
plates can be drilled, formed or notched to your specifications.
Snap-Wrap 230 Series: 7 contact styles, 12 color-coded insula-
tors with plate sizes up to 22” x 45”. Mini-Wrap 240 Series: 4
contact styles, 12 color-coded insulators, .100”, .125” or .150”
centers with plate sizes up to 21” x 24”. The same modular
concept is now available for direct card entry applications with
our 250 Series.
(PRegistered trademarks of The Bunker-Ramo Corporation
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CUSTOMER ENGINEERING CLINIC—
Triac Blows When Operated

Within Specified Power Limits

THOMAS A. PENKALSKI, General Electric Co.

Problem: The customer is driving a
transformer primary with a triac.
He complains that, even though the
transformer is unloaded, the 6A,
400V triac is being destroyed. He
argues that the PA424 integrated
zero-voltage switch (Fig. 1) will
always energize the triac and trans-
former at zero instantaneous line
voltage and in so doing will hold the
steady-state value of magnetizing
current (I,,,) well within the limits
of the triac.

1— Fig. 1
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Discussion: The customer is al-
most correct. The PA424 will apply
line voltage to the transformer
primary at zero instantaneous line
voltage, and the steady-state I,
will be within the capability of a 6A
triac. However, after once being
energized and then de-energized, the
core exhibits residual magnetism.
When energized again at zero volt-
age, the core quickly saturates and a
very high transient I, results.
Current is limited only by line im-
pedance and primary resistance. In
fact, the first pulse of this transient
—as high as 90A for some 1-kVA
transformers can certainly be detri-
mental to a 6A triac.
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A simplified BH curve for a fixed
core dimension and applied frequency,
along with its applied voltage and
some possible resulting flux curves,
all in their proper phase relationship,
are shown in Fig. 2. In this figure, it
is assumed that the voltage applied
will allow complete utilization of the
core but will not result in steady-
state saturation. The voltage and flux
curves show that when line voltage
is applied at its zero crossing, the
core flux traverses 2¢,,,, during that
voltage cycle. When this flux ex-
cursion is within the unsaturated
limits of the BH curve, as it would be
in steady-state (shown by the solid
flux line), a tolerable peak I, will
be realized. However, when the triac
gate signal in Fig. 1 is removed, the
triac will turn off when the circuit
current drops below triac holding
current. The remaining energy will
be dissipated in resistor R and
ultimately the core will come to rest
at or between either residual flux
point, ¢, or —do,,.

Let us assume that the transformer
core has been previously magnetized
and rests at ¢,. The PA424 then

Design Ideas
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energizes the triac at zero instan-
taneous line voltage as shown in
Fig. 2. The resulting flux is shown by
the dotted curve starting at ¢,, in-
creasing to a magnitude of 2¢,,,
+¢,. Unfortunately, this flux drives
the core well into saturation, result-
ing in a high transient I,,. If the
core were preset at the other extreme
(—¢y), the flux would reach a mag-
nitude of 2¢,,,, — ¢, with the result-
ing 1,,, being somewhat less than
before but still possibly detrimental
to the triac. Intermediate values of
residual flux would result in inter-

CUSTOMER ENGINEERING CLINIC

Customer engineers are continually
called upon to solve problems arising
from application of their companies’
products. Because many of these
problems arise repeatedly, they
indicate a general electronic applica-
tion problem area. In each issue, this
section will present such a problem
and, in the following issue, will reveal

the solution to that problem.

EDN will pay $25 for any published
problem-solution set contributed by
a customer engineer. To get this
department off to a good start, EDN
this month presents one problem-
solution set plus a second problem.
The second problem will be solved in
the next issue.

(Continued)
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Customer Engineering Clinic (Cont'd)

mediate transient values of I,

Because of the primary resistance
voltage drop during saturation, the
high saturation current decays as
a dc component, as shown in Fig. 3.
The primary resistance and leakage
reactance exert a considerable limit-
ing effect on maximum peak current.

Solution: For possible solutions to
this problem consider Fig. 4. If the
customer knew the residual flux
level and was able to distinguish the
proper half-cycle of applied voltage,
then the triac could be turned on at
the phase angle « (assuming the core
were preset at ¢,). The core flux
would then start essentially where it
had previously come to rest and
would not increase enough to cause
saturation, resulting in the elimina-
tion of high magnetizing transient
current. Or, as an alternative, if
he knew only the relationship of ¢,
to ¢,,,, but not the residual flux
level, and did not distinguish between
half-cycles of applied voltage, he
could safely turn the triac on at phase
angle « corresponding to ¢, on either
half-cycle, decreasing « on each suc-
ceeding half-cycle until full voltage
is realized.

Unfortunately, knowing the re-
sidual flux level and proper half-
cycle is inconvenient and the re-
lationship of ¢, to ¢,,, is seldom
known. FuI:ther, for some cores,
¢, may be almost equal to ¢,,,,
requiring « to be very large. There-
fore, one of the most general and
practical solutions is to “soft start”
or phase control the applied voltage
starting from a very large triggering
angle, a, on either half-cycle and
decreasing « slowly on each succeed-
ing half-cycle. For some applications,
such as welding controls, it is advan-
tageous to know the residual flux
level and the proper half-cycle and
energize the transformer at zero
instantaneous voltage of the proper
half-cycle. This will decrease startup
time and reduce RF interference.
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Other solutions are:

a. Size triac to withstand worst-
case inrush current. This may not
be practical for large transformers
but may be reasonable for smaller VA
ratings.

b. Use a transformer with twice
the ¢,,, capability, i.e., double the
voltage rating. This may not be
economical for large VA ratings.

c. Introduce a current-limiting
impedance. This is a good solution if
line regulation is not important.

The suggested solution to the prob-
lem is shown in Fig. 5. The GE PA424
zero-voltage switch should be re-

placed with the new GE integrated
phase control for inductive and
resistive loads. A GE D13T, program-
mable unijunction timing circuit, or
the equivalent, also should be in-
corporated as a means of slowly
decreasing a large angle a. =

Databank
For more information, try these references.

1. Puchstein, A. F., Lloyd, T. C., and
Conrad, A. G.; “Alternating-Current Ma-
chines”, Third Edition; John Wiley &
Sons, Inc.

2. “SCR Manual”, Fourth Edition;
General Electric Co., Semiconductor
Products Dept., Auburn, N.Y.

NEXT MONTH’'s PROBLEM

SCR rated at 400V blows when 400V is applied.

Problem: A customer comments that
even though a 400V SCR passes only a
small forward current, it is being de-
stroyed when the dc supply voltage is in-
creased to 400V. He also mentions that
the SCR is bolted directly to a PC board
and is operating in 75°C ambient air.

Solution: Next issue of EDN.

R 40 mA
& 50V
50V or
400V de
Q C20D
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o and switch to the
highest quality switches
ever made: Shallcross!

These are the switches designed for
function and performance, not to low
price.Yet they’re priced competitively!

They give you a quality “feel.”” A solid
feel. The kind you don’t get in cheaper
switches.

Not surprising. Because we use only
the best materials and conservative de-
sign standards in creating Shalleross
rotaries. For both commercial ratings
and switches designed to MIL-S-3786.

All this pays-off for you. With Shall-

SWitch Aore than just switches:

prompt availability,
toNo.]

field help, innovation,
quality assurance too.

Join our
rotary club

cross switches, you get lower initial con-
tact resistance. So you can use them on
more exacting applications.

You get better contact-resistance sta-
bility, so your equipment holds calibra-
tion better.

And you get better voltage and cur-
rent ratings for a given size. More switch
per volume.

You get versatility, too. Select from 1"
wafer, 124" deck, and 214" deck config-
urations, plus round and oval ceramics
—for every rotary application.

Join our rotary club. Switch to the
Number One rotary switch: Shalleross.
See your local Cutler-Hammer Sales
Office or Shalleross Stocking Distribu-
tor. Or write for catalog LA-163-E302.

Cutler-Hammer offers a complete selection of
other quality switches. Commercial forms are
covered in catalog LL-290, Military ratings in

Catalog LL-291.

CUTLER-HAMMER

Milwaukee, Wisconsin 53201




MAGNETICS

“turn on”
moving forces

Oldest electronic force—and the newest medium for
generating it. Hard ferrite permanent magnets are the
hot thing in DC motors for hot cars. There are 15 to 18
such motors now, from necessities like windshield wipers
to luxuries like power antennas. And there’s more coming.
Forward-looking manufacturers are now experimenting with

hard ferrite starters and alternators. And, of course, forward-
looking manufacturers look at Arnold for high-quality magnetic
materials, design, technology, components. Magnetic cores. Powder
cores. Laminations. Permanent magnets. You ask. We’ll supply.
The best in magnetic materials.
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BY ARNOLD

M In the average family car you’ll find hard ferrite permanent [+
magnets in windshield wiper motors ® power windows e e
ool .
D7 SPECIALISTS IN MAGNETIC MATERIALS heater e defroster e rear window defogger e power seats |
* power antenna ¢ air conditioner. Arnox | magnets collect |

The Arnold Engineering Company, Main Office: Marengo, IIl. metal chips in the transmission and differential. An Arnold
Branch Offices and Representatives in Principal Cities Alnico magnet for loudspeakers helps the radio sound off.

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

CIRCLE NO: 61
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Scotchpar’s producer uses more supporting players
tlﬁc.‘:nc cn':y othper big name film prodgger. et

3M Company has the largest sales and durable. It also has high dielectric
force—all engineers and insulation strength, great temperature stability, and
specialists calling exclusively on the resistance to moisture and solvents.

electrical market—to make sure Our men help capacitor manufacturers

SCOTCHPAR® polyester film turns ina get the right kind of scorcupAr film for

stellar performance for its customers. their product—they can choose from

They’re supporting a great film. a complete lineup of thin films down to

It’s thin, tough, transparent, flexible .25 mils, plus scorcaPAK® film if they want
heat sealable features.

They work equally hard for manufacturers
who use SCOTCHPAR film as insulation in
transformers, motors, wire and cable.

With all these men on the job, we still work
harder than anybody else helping electrical
men get the most out of polyester film.

All because we want our SCOTCHPAR film
to win over a very critical audience.

3M Company, Film & Allied Products
Division, 3M Center, St. Paul, Minnesota

*Scotchpar 3M

BRAND POLYESTER FILM

CIRCLE NO. 62
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Design Interface

Hard-Core
Unemployment

There is no doubt that the U.S. is plagued with domes-
tic problems. They are big today and are fully capable
of growing to proportions that will strangle American
society as we know it.

Pollution, transportation and housing are problems
that can be solved to some degree by technology. They
are problems that engineers and other technical people,
in cooperation with professional planners, can analyze
and respond to in terms of proposed legislation and
hardware. The ghetto is different. No amount of crime-
fighting equipment or riot-control hardware will ever
solve the ghetto problem. It is a people problem —not

Designers
Do Give a Damn

GLEN BOE, Executive Editor

a hardware problem.

How Serious Is the Ghetto Problem?

Anyone who reads the papers knows that the ghetto
problem is serious. But so are lots of other problems
—both domestic and foreign. In an address before the
Business-Civic Leadership Conference on Employment
Problems, Richard C. Cornuelle, Executive Vice Presi-
dent of the National Association of Manufacturers,
put the priority in perspective.

“We have a remarkable unanimity among our mem-
bers that the greatest . . . most important piece of

(Continued)

Editor’s Note: The engineering department is more than
circuit diagrams, Boolean algebra, test fixtures, the
latest integrated circuits and unfinished chess games.
It also is PEOPLE —people who must interface with
other people. Productive relationships with people are
indispensable if the designer expects to realize his pro-
fessional goals—whether they be design achievement,
engineering management or both.

Although most “Design Interface” articles will be
dealing with the problems of communicating with peo-

ple in marketing, purchasing, production and manage-

ment, we believe that an interface with far broader im-

plications is that between the mainstream of middle-

class society and the “unemployable” ghetto dweller.
More specifically, we would like to explore this problem
in the context of the designer and his on-the-job activities.
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business on the agenda of American business today is
to . . . find out exactly what its total capabilities to
solve community problems are . . . and to get busy
and put them to work.”

Another renowned spokesman for business, Robert
W. Sarrnoff, told RCA stockholders last May 7, “To me,
it is very plain that a publicly held enterprise cannot
ignore social problems that can engulf or even destroy
it. No problem, in my view, is more critical and urgent
than the social crisis in the cities—and, in particular,
the problem of the hard-core unemployed.”

These sentiments have been restated hundreds of
times in public and thousands of times in print. It is
impossible to deny that hard-core unemployment is at
or near the top of the list of problems that must be
solved.

i

Group from Youth Opportunity Corps and Upward Bound tours
Motorola Semiconductor Products Div. assembly line.

What Really Is the Problem?

Most people who have ever tried to break into the
job market have run into frustration. “I can’t get that
job because they want someone who is experienced. But
how can I get experience if no one will hire me?” Even-
tually, most people get a foot in the door and the cycle
is broken. Conversely, many black job seekers are
never able to crack the cycle because racially discrim-
inatory hiring practices are heaped on top of normal
experience requirements. Compound that with a police
record, poor references and deviations from WASP
“norms” in appearance, education, speech and values
(all understandable, but none “acceptable”) and it all
adds up to unemployment and an overwhelming sense
of frustration.
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Trainees at NARTRANS, recruited from ranks of disadvantaged
youth and hard-core unemployed, receive instruction in
terms, signs and general shop language.

When a black “employable” does crack the cycle and
land a job, he faces a different sort of frustration. It
takes about 1 week on the job to realize that the bottom
rung is about as high as he will ever climb on the lad-
der to professional and financial success. It’s obvious,
because his black coworkers with years of service are
still on the bottom rung. He concludes that training
for the next step up the ladder is little more than a
futile exercise. This is confirmed when he finally meets
a black production foreman who has a Bachelor’s de-
gree in engineering and two Master’s degrees—one
in psychology and one in business administration.
Result? Frustration and its consequences.

Expanding this simplistic description of the problem
would require a volume or two. It boils down to the
fact that the socially deprived also are economically
deprived. The causes and effects become indistin-
guishable, but the end result is a disheartening self-
perpetuating waste of human resources.

None of the foregoing has mentioned the migration
of “unemployables” to urban areas and the flight of
industry to the suburbs. This combination has served
to concentrate the problem into an awesome powder
keg called the ghetto.

What's the Solution?

Although the solution to the problem is at least as
complicated as the problem itself, meaningful jobs
for the chronically unemployed must be a part of that
solution. Since private industry provides such jobs,
then that part of the solution is largely in the hands
of private industry. President Johnson has passed the
ball to industry by requesting that 500,000 jobs be

(Continued)



Engineer Runs

Equal Employment Opportunlty Program

When Honeywell top management committed itself
to doing something about the hard-core unemployed,
that commitment was followed up by action. For Honey-
well-Denver, the first step in the plan of action was to
appoint a coordinator to organize and run the pro-
gram. Interestingly enough, an E.E., Mel Johnson, was
elected. Johnson was formerly Manager of Technical
Services for Honeywell-Denver. In this capacity he was
responsible for the engineering lab, standards lab, mod-
el shop, and the design and construction of test equip-
ment. More recently he was Production Manager for
Laboratory Standards. His new responsibility is to
hire and train “unemployables” for permanent jobs at
Honeywell.

Where Do You Begin?

Because the goal is permanent jobs, the first order
of business was to survey the Denver operation for
anticipated entry-level job openings. These turned out
to be in cable and harness fabrication, circuit-board
assembly and mechanical assembly. Next, a tentative
training schedule, calculated to bring skills up to factory
standards, had to be formulated. Then came the task
of acquiring and equipping a training site. Finally,
candidates referred by the Denver Work Opportunity
Center were interviewed and hired. The stage was set

Employees should work on real products . . .

for the real work to begin.

Decisions for Progress

In the chronicle of events that followed, certain sali-
ent points stand out that any EEO coordinator should
note and apply:

The job’s the thing. Employees should be hired im-
mediately, then trained so that they are able to perform
up to job standards. When hard-core unemployed are
offered only training, they often are unable to see the
connection between the schooling they receive and the
job they are supposed to go out and find when they

™ Open channels

e H :
~ AT of communication
Y1 W are crucial . . .

finish a course. Further, a course diploma rarely cuts
through the barriers of discrimination, past job fail-
ures and the host of other factors that tend to keep the
hard-core unemployed out of work.

Employees should work on assemblies that actu-
ally end up in marketed products. These assemblies
are not make-work projects or training kits, but real
production subassemblies. Plant inspectors visit the
training center regularly to inspect and accept or reject
the center’s output. This not only reinforces the fact
that employees have jobs (versus being in school), but

also gives employees first-hand feedback on required
(Continued)
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made available to hard-core unemployed by June 1971.
Recruiting, training and holding hard-core unem-
ployed is no easy task, but industry’s response and
methods are paying off. The approach is to hire a man
first, train him to do a meaningful job, then place him
in that job and require him to produce. This is quite
different from the conventional approach—screening
applicants for intelligence and skills, then placing a
qualified applicant on the job and providing a minimum
amount of OJT. Industry’s new approach is to place
almost no screen between an applicant and a job.

The U.S. government and industry are teaming up
in their attack on hard-core unemployment. Industry
is doing what it does best —employing people to produce
goods. The government is doing what it does best — pro-
viding money. The new twist is that the traditional
interface between a human resource and a job is being
customized to fit the hard-core unemployed rather
than making the applicant conform to established
criteria.

Foothill Industries Rehabilitation Workshop in Pasadena is
typical of sheltered workshops that provide jobs and training
for both physically and socially disadvantaged. Foothill's end
products include electronic subassemblies and skilled work-
ers for the electronics industry. There are an estimated 1400
such workshops in the U.S.

A typical trainee is most likely negro, has a sixth-
grade education, has been unemployed for 18 months,
never received intensive skill training, had unskilled
parents, lives with more than one family, needs eye
glasses and dental work, has seen a physician once in
his life, is married with three children, has no trans-
portation, can afford to eat only twice a day and has
had enough contact with the law to have spent at least
30 days in jail. Industry is facing up to the task of
taking this kind of raw material and drawing upon its
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IBM provides jobs in this building in the Bedford-Stuyvesant
section of Brooklyn. For the time being the plan is only to have
manufacturing operations—assembly of computer cables
—in this building. However, one negro executive at the plant
speculated that it would be a wonderful example to the youth
of the predominantly colored Bedford-Stuyvesant area if they
could see negro engineers and managers tackling more
sophisticated computer developmental tasks.

latent talent to serve both industry and society.

Designers Are Involved

You might ask, “What does this have to do with de-
signers?” True, the first steps must be taken by man-
agement. But the framework within which manage-
ment can operate to initiate hiring and training pro-
grams is well established. Contacting the local Cham-
ber of Commerce or the National Alliance of Business-
men will unleash a flood of practical and immediate
help. A firm commitment first must come from a com-
pany’s chief executive, but making the program work
requires sincere and active participation by every
employee. -

If you are an engineer working for a large electronics
firm, your firm probably has some formal program
going to hire and train the hard-core unemployed.
Since many of the jobs being opened up are on the pro-
duction line, you may be barely aware of the “unem-
ployables” now contributing to the success of your
company. But as training methods are tmproved, you

(Continued)



Opportunity Program (Continued)

quality of workmanship. The scrap rate has been sur-
prisingly low.

Open channels of communication are crucial
to the success of the program. For example, a Friday
afternoon review of the week’s activities where em-
ployees comment about what they learned —or failed
to learn—during the week has provided insight into
things to stress the following week. Even more impor-
tant is rapid response to all problems and questions as
they come up. This means personal problems as well
as on-the-job problems.

Absolute ecandor in all aspects of training is a
must. The people involved here can spot a phony rea-
son (or person) faster than it can be heard or seen. And
that goes for everything from explaining errors or
omissions on engineering drawings to the departing
visitor who left an unmistakable trail of bigotry behind.

Managing such a programis a job for a technical
man — not a personnel man. Put yourselfin the position
of having an order for 100 PC-board assemblies. Your
raw material is a set of engineering drawings, pro-
duction parts, a small but well-equipped production
facility and a handful of newly hired unemployables.
The problem becomes one of being a small subcontrac-
tor producing a technical product with an untrained
work force. It requires detailed knowledge of engineer-

Factory personnel
should work with trainees. . .

Trainees should be given the “big picture”. . .

e st

ing and production practices, an ability to manage and
the skill to quickly and creatively solve an unbeliev-
able spectrum of both technical and personal problems.

Factory personnel should work with trainees
frequently to smooth the transition from training cen-
ter to factory. This allows the trainee to get to know
people he will be working with and also introduces him
to helpful shortcuts and special skills used in factory
assembly. Volunteer coaches from the prospective fac-
tory department are expected to spend 2 hours per day
with the trainee during the trainee’s last week at the
training center.

Trainees should be given the “big picture” about
how their company operates. They should be told
the functions of engineering, sales, production and
management, and significance of their work. They
must know that their contribution is essential to the
success of the company.

Proof of the Pudding

In a status report dated August 5, Johnson states,
“Barring unforeseen events, all trainees from the initial
class should be successfully assigned in their factory
roles by August 23, 1968.”

Successes such as this are being multiplied hundreds
of times by electronics firms from coast to coast. Al-
though programs differ in detail, there is no doubt that
our industry has the ability to provide meaningful jobs
for hard-core unemployed.
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may find increasing numbers of these employees in
the engineering department.

For example, Texas Instruments has a Department
of Labor contract to hire and train 150 draftsmen. In
addition, they are seeking approval on a proposal to
hire and train 100 technicians. These contracts specify
that employees must be recruited from among the dis-
advantaged. Engineers will necessarily be involved
in training and working with such employees. Crucial
to the success of every such program is interest, under-
standing and commitment on the part of every person
who contacts the new employee.

What Can | Expect?

Depending on what phase of the program you get
involved with you can expect some degree of unfamiliar
and disquieting behavior by new disadvantaged em-
ployees. They may not be able to get along with fellow
employees. They may not be able to get along with
supervisors. They may have a chip-on-the-shoulder
attitude. They may dress, act and speak differently.
They may be late. They may be absent. They may not
be able to communicate effectively because of limited
vocabulary. They may lack proficiency in the basic
three R’s.

Under normal circumstances, one of these traits
could be sufficient cause to give up on an employee. But
if the ghetto problem is ever to be solved, individual
problems must be solved. And as engineers who are,
or shortly will be, interfacing with employees from the
ranks of the hard-core unemployed, we must face and
solve each individual problem as it arises.

Courtland S. Gross, retired Lockheed Chairman of
the Board, in a speech last year before the National
Urban League, admirably summed up our responsi-
bility in this regard:

“We must not forget that for many disadvantaged
people, getting used to what are to us the familiar ways
of corporate life is a devastating and psychologically dis-
turbing experience . . . Ithink it is clear that we must
help the underprivileged get used to it —with tact, with
understanding, with counseling, with patience, with
encouragement.”

ENGINEERS AND
ELECTRONICS FIRMS IN ACTION

In a recent survey, EDN asked readers if they thought
engineers should become involved in social problems.
Many readers expressed a desire to become involved
but didn’t know how to go about it. “Yes, but I'm still
trying to figure out how”, is typical of many answers.
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EDN research has turned up many examples of how
engineers and their companies are involved with one
social problem —the hard-core unemployed.

Manpower Administration MA-3 Contracts

One of the most effective ways business is going
about providing jobs is through MA-3 contracts
awarded by the Department of Labor. Under these con-
tracts, the Department reimburses the employer for a
portion of the cost of training a hard-core unemployed
person. Complete information on the requirements for
government assistance through an MA-3 contract is

Urban labor can match the skill of any other area’s labor, says
Loebe Julie of Julie Research Labs. Julie has always (since
1954) been located in New York’s Manhattan and in low-
income areas. Yet, with New York labor, he has produced pre-
cision standards that have won him recognition with the
National Bureau of Standards. Because his field— precision
analog measurements—demands the most careful workman-
ship, his faith in urban labor has meaning.

Although Julie is known to be an impatient and demanding
perfectionist, he apparently has patience and a gift for ed-
ucating when it comes to training people. He has hired work-
ers, many of whom could hardly speak a word of English—who
would not be able on that score to get past the usual large
company’s employment form—and turned them into highly
competent workers in production and testing. Many larger
companies in the electronic industry base their precision
upon Julie instruments.



Teaching fabrication techniques is only a small part of Mel
Johnson’s joh. Johnson, EEO Coordinator for Honeywell, and
an engineer, is involved in everything from motivational
psychology to quality control.

available from the National Alliance of Businessmen.

Bay Area Consortium

There are three types of MA-3 contracts: individual,
consortium (or pool) and national. One of the most
impressive examples of a consortium-type program can
be found in the San Francisco Bay Area. Here 41 firms
have banded together and pledged 481 jobs. Lockheed
Missiles and Space Co. is handling the training phase
for all member firms as subcontractor to the Manage-
ment Council for Bay Area Employment Opportunity.
The Council itself is direct contractor to the Labor Dept.
Included in the consortium are companies familiar to
EDN readers: Alfred Electronics, Ampex, Beckman
Instruments, Data Technology, Electroglas, Farinon
Electric, General Electric, General Precision-Link,
Hewlett-Packard, Optics Technology, Spectra Physics,
Ultek and Watkins-Johnson. ]

Factories in the City

Many electronics firms are investing heavily in
building production facilities near centers of hard-core
unemployment. AVCO in Roxbury (Boston), Control
Data in Minneapolis, Western Electric in Newark and
IBM in Brooklyn’s Bedford-Stuyvesant section are four
well-publicized examples. Locating plants in ghetto

areas provides badly needed jobs and, in addition, skirts
the transportation problem that continually crops up
when core-city residents must commute to jobs in sub-
urban plants.

Forming Subsidiaries

NARTRANS, a newly formed subsidiary of North
American Rockwell, will concentrate on hiring and
training the hard-core unemployed. Formally opened
on July 16 with 65 permanent staff members and 125
production employees, the firm performs machine-shop
operations, drafting, typing and keypunching. In addi-
tion, NARTRANS produces plastic bags, shipping
pallets and crates. Work is being performed on a sub-
contract basis for the five North American Rockwell
divisions located in Southern California.

The subsidiary’s general manager, Robert C. Robin-
son, is a negro space engineer who worked on the Saturn
V launch vehicle. Employment at NARTRANS is ex-
pected to more than double during the first year of
operation. When the subsidiary becomes profitable, it
expects to expand its activities to subcontract work for
firms other than North American Rockwell.

Backing New Companies

For many reasons, black entrepreneurs find it diffi-
cult or impossible to obtain financial backing from
traditional lending institutions. Typical of the action
attitude of industrial leaders, several electronics firms

(Continued)

In addition to handling training duties for the Bay Area Con-
sortium, Lockheed Missiles and Space Co. has been very
active in-house in hiring and training workers from among
the socially disadvantaged. Typical of engineer involvement
at LMSC is E.E. Carl S. Birge (center), shown working with
Isaac Guerrero (right) and Louis A. Torres (left) on a compo-
nent molding problem.
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have provided substantial loans to help such entrepre-

neurs get off the ground.

For example, EPA Electronics assembles several dif-
ferent Hewlett-Packard instruments. A subcontractor
to HP, EPA is financially independent, plans to do sub-
contract work for other electronics firms and is looking
forward to introducing its own proprietary line of in-
struments. Industry involvement here consisted of HP’s
response to a sound business proposal with arrange-
ments for a loan, assembly contracts and advice.
Other Programs

Literally hundreds of company-funded, company-
staffed programs for hiring and training the disadvan-
taged exist. Community job programs run by employer
councils, rehabilitation centers, workshops, educa-
tional programs and other projects are all contributing

Databank

Want to increase your knowledge level on this problem even
more? These sources will help.

Information About JOBS

1. “Supplemental Information for the Preparation of JOBS/
MA-3 Proposals”, prepared by the U.S. Dept. of Labor, April
1968. To find out more about the JOBS program and about
this report, write to the National Alliance of Businessmen,
726 Jackson Pl. N.W., Washington, D. C. 20506.

2. “New dJob Drive Turns to an Old Twist”, Business Week,
March 2, 1968, p. 24. Explains NAB’s “Community Chest”
drive for jobs. Specifies goals and names the business leaders
involved.

3. “A Business Attack on Poverty —Training the ‘Untrain-
able’ ”, U.S. News & World Report, March 18, 1968, p. 61.
More on JOBS—with sidebar information on “why it costs so
much to train the ‘hard core’ ”.

Other Employment Programs—and Problems

1. “Putting the Hard-Core Unemployed into Jobs”, Community
Relations Service, U.S. Dept. of Justice. Copies available from
the Supt. of Documents, U.S. Govt. Printing Office, Washing-
ton, D. C. 20402; $0.35. Part I summarizes the Business-Civic
Leadership Conference on Employment Problems. Part II
presents case studies with emphasis on company programs,
employer-community job programs and special tools and tech-
niques. Includes listings of pertinent resources, programs and
federal agencies.

2. “The WEMA Perspective”, Summer 1968, Western Elec-
tronic Manufacturers Assn., 2600 El Camino Real, Palo Alto,
Calif. 94306. Excellent overview of the electronics industry’s
involvement in urban problems. Shows how such companies
as Raychem, Honeywell and Lockheed are helping.
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toward making job holders out of job seekers.

Although there is still a big job to be done, the in-
volvement of the business community is not only sin-
cere, practical and effective, but is indispensable to the
eradication of hard-core unemployment.

Another answer to the EDN survey mentioned earlier
expresses the attitude that must prevail if we are to
progress toward a solution:

“Contrary to popular belief, E.E.’s are people. As
people we have the same responsibility to society as do
businessmen or ministers . . . We must live as respon-
sible citizens of our street, community, city and nation.
Possessing a good technical education, we have the
added responsibility of helping those less fortunate by
doing what must be done rather than dreaming of
doing it.”

3. “Business and the Urban Crisis”, McGraw-Hill, Box 756,
Times Square Station, New York, N.Y. 10036. Reprints avail-
able; less than 100 copies, $0.25 each. Focuses on the problem
in all its facets—jobs, housing and education.

4. “A New Business for Business: Reclaiming Human Re-
sources”, by Gilbert Burck, Fortune, January 1968, p. 158.
Part of a special issue on the urban crisis, this article relates
the story of the Watts Manufacturing Co., established by
Aerojet-General, and other corporate programs and training
systems.

5. “Business Wrestles with Its Social Conscience”, by Robert
C. Albrook, Fortune, August 1968, p. 88. Tackles the problem
of the role profit-seeking companies should play in the urban
crisis. Capsulizes the facts about business’s efforts and the
organizations involved.

General References

1. “Report of the National Advisory Commission on Civil
Disorders”, Bantam Books, $1.25. Tells it as it is, in summary
and in depth. A must for every personal library.

2. “A Sharper Look at Unemployment in U.S. Cities and
Slums”, U.S. Dept. of Labor, Office of Information, Publica-
tions and Reports, Washington, D. C. 20210. Gives facts and
figures about who is unemployed, where they are and why
they are.

The Engineer and Society

1. “Whose Crisis?”, Institute of Life Insurance, 277 Park Ave.,
New York, N.Y. 10017. Points out that it is “your” crisis, too,
and suggests ways “you” can get involved.

2. “Should Engineers Get Involved?”, American Engineer,
March 1968, p. 45. Agrees that to get involved can be frus-
trating, but it is still necessary. Advises how an engineer can
attack the problem.




THIS IS THE WIDEST SELECTION of
MINIATURIZED CERAMIC CAPACITORS
IN THE INDUSTRY [

AVAILABLE IN EVERY
STANDARD TEMPERATURE COEFFICIENT
essand in SEVEN DIFFERENT HI-K® Formulations

@ Red Caps meet or exceed all applicable requirements
of MIL-C-20 and MIL-C-11015 per MIL-STD-202

RED CAPS feature __ . —. |

ERIE’'S EXCLUSIVE NEW E,["S’EA'VENCAPSULANT “
/,/—";"“/ :

« Erie’s new Jet-Seal excels in mechanical and electrical ruggedness

* Provides excellent moisture protection ¢ Maintains electrical and

bright color and gloss finish will be outstanding in even the most

PRODUCTS, INc.
sophisticated equipment.

WRITE FOR SAMPLES on your company letterhead @

ERIE TECHNOLOGICAL PRODUCTS, INC.
State College, Pennsylvania
Attention: Applications Engineering Erie, Pennsylvania,

mechanical stability at temperatures from —55°C through 150°C « Jet Seal’s
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Reliability is a spring, a wheel
and two thingamajigs.




\, Every AE Type 44 stepping
switch comes with them.

One-spring power.

( The drive spring is a coil.
What it does is store up
power. When it comes time to switch, the spring
lets loose and moves the wiper assembly forward.
Each time using precisely the same pressure.

Notice our spring is tapered at one end. It’s
designed to perfectly match the power input. That’s
why you always get the best possible transfer
of energy.

At one end of the drive spring is an adjusting
screw. We turn it a little this way or a little that
way and the tension is always perfect.

Try that with a flat spring.

We re-invented the wheel.

The ratchet wheel is a little different. The way
it’s made, for one thing. First, we blank it. Next,
shave it. And
finally, case-
harden it. Then
it’s super strong. -

Notice the big, square e,
teeth that always provide-a
sure bite.

A thingamayjig with teeth.

That thingamajig next to
the wheel is the armature
assembly. When the teeth
on the end of it mesh
with the teeth on the
ratchet wheel, they stop
the wiper assembly and
position it precisely on
the contact bank. Smooth as
silk, every time. No jarring,
no jamming,
no banging.

No adjustments,
either. As the teeth
wear, they just
drop further into
the wheel. So nothing
ever gets out of whack.

A pawl that floats.

On the end of the armature is the pawl. We
made it “free floating” to eliminate the jamming
and binding that go with the old style pawl stop
block. And while we were at it, we stopped pawl
breakage and put an end to double-stepping or
overthrow.

Don’t bother looking for this special set-up
anywhere else. It’s patented.

The other thingamajig.

It’s called a contact spring.
We’ve got some strong
feelings as to what
makesa contact ¥ " :
spring strong. L 3

In the first —_—_—
place, we believe there’s strength in numbers. So we
put two sets of contacts on each spring. This means
you get a completed circuit every time. Without fail.

But some of the credit for this hasto go to our solv-
ing the most common cause of contact failure—the
build-up of insulating films on the contact points.

We make each set of points self-cleaning. That
way, the bad stuff doesn’t have a chance to build up.

Finally, take the buffers. We make ours of a
special, tough phenolic material that lasts. And
lasts. And lasts. All without wear or

distortion.

To make sure they stay in place, we

weld the buffer cups to the contact
' springs. We weld, rather than use rivets,
| because our lab found that rivets have

a habit of falling off or wearing out.

Seeing is believing.

We could go on talking reliability and
tell you about our testing and run-in
room. There’s a lot more to tell.
But we’d rather have our
Sales Representative show
you. And let you see first
hand the reliability
that’s built into every
AE stepping switch.
Just call or write.
Automatic Electric
Company, Northlake,

Illinois 60164.

AUI'HMATIL’ ELECTRIC

sussiDiARY OF GENERAL TELEPHONE & ELECTRONICS
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Pushbuttons?
Why not go where
you have the whole
spectrum to choose from!

With panel design continually increasing in sophistica-
tion, pushbutton specifications are becoming more and
more exacting. Whatever the case—whether your needs
call for the simple or the complex—your best bet is to
call MICRO SWITCH. The reason is plain. No one can
match our pushbutton line in breadth of selection.
What’s more, your MICRO SWITCH Distributor
can offer you literally thousands of pushbutton varieties
right off the shelf. For example, he stocks hundreds of
interchangeable operator and switch modules that com-
bine into thousands of different assemblies—allowing

you to economically customize your panel with un-
limited design freedom.

Special problems? MICRO SWITCH also puts the
broadest field engineering service at your beck and call.
These pushbutton specialists, backed up by the largest
manufacturing and design facilities in the industry, can
come up with the right solutions fast.

Just a sampling from our spectrum of pushbuttons is
shown at left and described below. For more details,
call a Branch Office or an Authorized Distributor
(Yellow Pages, ““Switches, Electric’’). Ask for Catalog 51.

1. Unlighted Pushbutton Switches. Bush-
ing or bracket mounted. Available in 1-,
2-, 3- or 4-pole double-throw circuitry,
momentary or alternate action. Black, red
and green buttons in various diameters.
Sealed designs available. Wide range of
electrical power-handling capabilities.

2. Series 2C200 Modular Lighted Push-
button Switches. Rectangular display
lighted by projected or transmitted 4-
lamp color. Can be relamped without
tools. 1, 2, 3 and 4 section split-display
screens. Maintained, momentary or
magnetic hold-in operation. Switch
modules with silver or gold contacts,
- multiple circuits and broad choice of
“contact arrangements and electrical
capacities. Also reed switch module.

3. PT Heavy-duty and CMC Pilot-duty
Industrial Manual Controls. Oiltight
pushbuttons, selectors and indicators
with the modern square look. Lighted or
unlighted. Large easy-reading legends.
Multi-circuit control with up to 32 cir-
cuits per unit.

4. KB Switch/Display Matrix. New key-
board building block concept consisting
of pushbuttons and pushbars (lighted
and unlighted), switches, indicators, me-
chanical interlock units, and modular
hardware for mounting and wiring. En-

tire KB matrix can be bench assem-
bled. Switches can be pre-wired and
plugged in like a radio tube. Milliamp-
rated ‘“‘encoding’ switch produces a
coded output for data entry, exclusive
of separate circuit packages. ‘“Power”
switch with 5 amp. 115 vac rating has
lighted display option.

5. 50PB Bushing Mounted Pushbutton
Switches. One-lamp indication. Choice
of button sizes, shape and colors. Long-
and short-stroke and turn-to-hold mo-
mentary action; one- and two-level alter-
nate-action. 1-4 pole double-throw and
two-circuit double-break contact
arrangement.

6. DM Pushbutton Switches: Attractive,
rugged snap-in panel mount. SPDT or

FREEPORT, ILLINOIS 61032

CIRCLE NO. 42

DPDT circuitry. Three snap-on button
styles, 14" to 1” diameter, red or black.
Also 4" diameter integral momentary-
action and push-pull alternate action
buttons. Rating: 10 amps, 125 or 250
vac; 14 hp, 125 or 250 vac.

7.302PB Miniature Pushbutton Switches.
One- or two-section two-lamp display.
Momentary and alternate-action oper-
ation of two SPDT switches. Spacing
barriers and panel seals available.

8. Series 2N Modular Lighted Push-
button Switches. Relampable without
tools, these switches feature spring-lock
mounting. Molded color housings, in
gray, white or black, can be supplied
with terminals for two or four lamps.
Modularity provides a number of cir-
cuit, operation and display possibilities
paralleling the 2C200 options. Spacing
barriers and hold-in coil modules are
available.

9. Series 2M Round Display Modular
Lighted Pushbutton Switches. Colored
guard rings encircle display screen, pre-
vent accidental operation, code control
function. Broad choice of circuitry
through switch modules used with Series
2N. Many choices of transmitted and
projected display colors. Panel mount in
14" to %" thick panels.

MICRO SWITCH

A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL ¢ Sales and service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, Japan.
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How bright is a bright light ?

We make
areflector
precise
enough
to light
a football
freld
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Chicago Aerial Industries didn't ask us to
invent a better way to illuminate football
games. What they wanted was a three-di-
mensional, electroformed reflector head
formed to incredibly precise specifications
for a military contract. They decided we
were the only people with the capabilities
to produce what they needed.

They were right. No one can match
Buckbee-Mears in the field of two or three
dimensional precision electro-forming. Our
mesh screens, for example, go down to four
million holes per square inch with perfect
accuracy. Line width tolerances of +.0001
are common.

A few of our standard products include
evaporation masks, pin hole apertures,
micro-mesh sieves, electron microscope

grids, optical wedges, zone plates and a
variety of micro-miniature parts.

We're equally adept at electroforming
gold, silver, copper and nickel. Any shape
you want. Besides the reflector, we produce
seamless tubing to a thickness of .005
inches for housing intricate electronic pack-
ages used in space vehicles. We make the
carefully angled exhaust pipes for aircraft
jet engines.

If it requires an intricate two or three di-
mensional shape with precision tolerances,
just ask us. Call Bill Amundson, our Indus-
trial Sales Manager, and tell him what you
need.

If we can help one bulb light a football
field, just think what we might be able to
do for you!

CIRCLE NO. 65

BUCKBEE-MEARS CO.

245 E. 6th St., St. Paul, Minnesota 55101 / (612) 227-6371

The world leader in precision photomechanical reproduction




Design Products

Multiplexer Extends Solid-State Tester Capabilities

A multiplexer has been developed to
interface with the four input leads of
any standard transistor or diode
tester. Once interfaced, the basic
four-lead tester becomes a 16-lead
tester with capability of reducing test
time by as much as 50 percent.

With a waferprobe, multiple de-
vices can be tested during a single
head-down cycle, resulting in test
rates up to 10,000 devices per hour.

Basic matrix (below) depicts how
up to five programmable power sup-
plies can be added and multiplexed to
the 16-device input leads.

One critical problem in designing a
multiplexer of this type is found in
the matrix design. Both low leakage
current and fast settling time are es-
sential in this type of system. Each
reed relay (top right) is especially
treated to minimize leakage from con-
tamination and to repel moisture.
Each is fitted with a guard band to
shunt off any remaining leakage to
ground. With this design, less than 20
pA of dc leakage is added between
any two leads of the basic system.

The multiplexer has a control panel
(lower right) that selects both mode

of operation and number of cycles (up
to 6), depending on the device to be
tested. The multiplexer is mated to a
“ZIP” high-speed FET tester. Pin-
board programming and prepunched
“Mylar” sheets are used for relia-
bility, low cost and reprogramming
ease.

The basic multiplexer has all of the
necessary controls for interfacing
with virtually any transistor test
system, automatic waferprober, auto-
matic handlers, classification and
data-logging systems. Four basic
operating modes provide test flexi-
bility to accommodate single-chip
arrays and discrete devices for go/no-
go testing or data accumulation. The
four operational modes are shown in
Table 1.

Siliconix, Inc., 1140 W. Evelyn
Ave., Sunnyvale, Calif., 94086.

CIRCLE NO. 426
With top opened, (upper photo) banks of
especially treated reed relays are shown,
which add less then 20 pA between any
two leads of a basic tester.
Control of multiplexer is by way of control
panel shown just below top patch panel.

Both mode and number of cycles are
selected here.

JURRRRARABARANNS

PV-5 == ==
PV-4 == =
PV-BOW oo
PV-20- —=
PV-10- =y
4th LEADO _ﬁ
DRAINO— =
GATEO- — =
SOURCE O—W—%—% —
MATRIX SIZE  © ,_6 PaDiey 0
CM300 4x16 E .k E E | E E
CM300A 5x16 A A A A A A
CM301  7x16 D D D D D D
CM301A 9x16 1 2 3 4 5 16

MODE | MODE I MODE 111 MODE IV
TYPE OF TESTING GOJNO-GO DATA COLLECTION GO/NO-GO DATA COLLECTION
NUMBER OF DEVICES
TESTED PER 1™ i 170 6** 170 6**
MULTIPLEXER PASS
TYPE OF DEVICES ARRAYS ARRAYS DISCRETE DEVICES | DISCRETE DEVICES
USED WITH MONITOR 11, ZIP, MONITOR 11, ANY MONITOR II, ZIP, MONITOR 11, ANY
ANY OTHER GO/NO- OTHER DATA ANY OTHER GOJNO- OTHER DATA
GO TESTER, COLLECTOR, GO TESTER COLLECTOR
CLASSIFICATION CLASSIFICATION
SYSTEM SYSTEM

* CIRCUIT WITH A REPETITIVE FET OR ANALOG GATE PATTERNS IN A SINGLE CHIP OR PACKAGE.
**SINGLE FET OR ANALOG GATE.

Table | operating modes.

Basic switch matrixdepicts choice of four different multiplexers for adding up to five programmable power supplies.
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Components

astvat e

Small, Low-Cost Digital Panel Meter, Series
270, measures 2-1/16 by 4-1/2 by 7-7/8 in
and features a 0.1-percent accuracy. Cov-
ering dc ranges from 200 mV and 20 uA,
the Series 270 has an input impedance
from 100 MQ with resolution of 100 wV/-
digit. The instrument is completely self-
contained and provides a nonblinking dis-
play. United Systems Corp., 918 Woodley
Rd., Dayton, Ohio 45403.

CIRCLE NO. 427

Subminiature Photocells, Light Sources
and Scanner, Model PL-854, were designed
for high-speed detection of small objects
at rates above 50,000/s. The Model PL-8S4
can accurately pick up code-mark registra-
tion on printed film or paper webs while
ignoring unrelated printed marks. These
new units all are waterproof and are pro-
vided with 6-ft PVC-covered leads with
spade lugs. Lamp bulbs in these heads are
rated at 40,000+ h for years of trouble-
free service. The photodiodes have a rise
time of 1-1/2 us, with stable operation all
the way to 225°F. Solid-state control am-
plifiers are available in a wide variety to
complement these subminiature units.
Frost Electronics Corp., 1 Goddard Dr.,
Rockaway, N. J. 07866.

CIRCLE NO. 428
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Miniaturized Power Supplies designed for
avalanche diode oscillators are available
in five models covering current ranges
from 8 to 200 mA. Input is 115V ac, 50 to
420 Hz, 0.01-percent regulation, 3-mV pk-
pk ripple. There are no turn-on or turn-
off transients. Average size 2-3/4 in high
by 1-7/16 in thick by 2-5/16 in wide. Vec-
tor Engineering, Inc., 58 Brown Ave.,
Springfield, N. J. 07081.

CIRCLE NO. 429
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High-Voltage Rectifiers feature integrable
modules and assemblies. Standard mod-
ules range from 5 to 40 kV and 0.25 to 4A,
including center-tap and bridge full-wave
rectifiers. These units incorporate integral
resistor-capacitor shunting components
across each diode to assure stable, uniform
voltage division and transient protection.
Hybrid construction utilizes printed and
fired resistors and capacitors on a ceramic
substrate for minimized high-voltage and
heat-dissipation problems. Versatile mod-
ular packaging permits simplified instal-
lation in a variety of rectifier circuits.
Cascaded modules provide extremely high-
voltage capabilities. Cambridge Therm-
ionic Corp., 445 Concord Ave., Cambridge,
Mass. 02138. CIRCLE NO. 430

‘“Sealectroboards” have 10- by 10-hole
format and single-deck design with indi-
vidual gold-plated contacts. Low-invest-
ment programming is possible through a
new low-cost patchcord that uses No. 24
AWG stranded wire with colored shrink-
tube insulation. The pin on the cord is gold-
plated for extended life over thousands
of insertions. Programming Devices Div.,
Sealectro Corp., 225 Hoyt St., Mamaro-
neck, N.Y. 10543. CIRCLE NO. 431

Operational Amplifiers, Type 1009, are gen-
eral-purpose units recommended for appli-
cations where the high input impedance
and low bias currents of an FET input are
required. The 1009 Series is rated at nor-
mal +15V supply voltages and the design
allows normal, stable operation over the
+10 to =18V range. The output voltage
is developed at a low impedance level to
permit driving loads with resistance’ as
low as 2000Q). Attractive features of this
unit are its low noise characteristics, mod-
erate full-output frequency, good open-
loop gain and gain-bandwidth specifi-
cations and a 6 dB/octave roll-off with
large tolerances to capacitive loading.
Philbrick/Nexus Research, Allied Dr.,
Dedham, Mass. 02026. CIRCLE NO. 432




Sticky RFI problems?

Pk swers

attach with self-adhesive,
shield RFI better
than anything else!
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At last you can get superior RFI /EMI shielding with
a beryllium copper finger strip that requires no
soldering, screws, clips, or other fasteners. A unique
adhesive, developed especially for new STICKY
FINGERS, provides an extremely tight instant bond
that “cures’’ and strengthens with age . . . won't
creep or crawl even with thousands of closings.
And new STICKY FINGERS meet MIL Specs on

salt spray, shock and humidity cycle tests and is
unaffected by temperatures from —65°F to 160°F!

What's more, shielding effectiveness is greater than

108 dB at 10 GHz, and 70 dB at 200 kHz magnetic! Simply remove adhesive back-
. % ; ing and rub a pen or small
New STICKY FlNGERS are oyculoble in a variety of SCravelriver anelec the Tngars,
@ surface finishes. Write today for complete assuring complete contact.

information plus a free sample.
Address: Dept. EDN-53

INSTRUMENT SPECIALTIES CO., INC.
Little Falls, New Jersey
Phone 201-256-3500

CIRCLE NO. 66
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GLASS ENCLOSED

AMPLRITE

Thermostatic
DELAY RELAYS

[
4MPERITE‘

DELAY “

RELAY

Offer true hermetic sealing
-assure maximum stability and life!

Delays: 2 to 180 seconds . . Actuated
by a heater, they operate on A.C., D.C., or Pulsating
Current . . . Being hermetically sealed, they are not
affected by altitude, moisture, or climate changes . . .
SPST only—normally open or normally closed . . . Com-
pensated for ambient temperature changes from —55° to
+-80° C. . . . Heaters consume approximately 2 W. and
may be operated continuously . . . The units are rugged,
explosion-proof, long-lived, and—inexpensive!
TYPES: Standard Radio Octal, and 9-Pin Miniature.

List Price, $4.00

PROBLEM? Send for Bulletin No. TR-81

AMPERITE

BALLAST
REGULATORS

Hermetically sealed, they are
not affected by changes in alti-
tude, ambient temperature
(—50° to -+-70° C.), or humid-
ity . . . Rugged, light, compact,
most inexpensive .

List Price, $3.00

Write for 4-page Technical
Bulletin No. AB-51

I 1]
AMPERITE|

REGUL Am/?|
VOLTAGE OF 24V ' WITH AMPERITE H]

BATTERY & CHARGER: VOLTAGE VARIES

VARIES APPROX. | ONLY

0% | 2%

AMPERITE

600 PALISADE AVE., UNION CITY, NJJ..
Teiephone: 201 UNion 4-9503

BATTERY VOLTAGE

In Canada: Atlas Radio Corp., Ltd.,
50 Wingold Ave., Toronto 10

CIRCLE NO. 67
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Components

Filters, Series 2A, are designed to provide
good RF1I rejection in a miniature package
and can handle a maximum operating line
current of 2A. The series operates from
ac line sources of 115 or 230V at frequen-
cies of 50 to 400 Hz. They have extremely
low capacitance of 5000 pF between line
and ground. Three different output loca-
tions afford complete versatility of mount-
ing. Input accepts a standard three-con-
ductor line cord. Ratings of the series
include a high pot test of 2000V dc to as-
sure trouble-free operation on power lines
subject to high-voltage transients. Line
resistance: in to out, 0.03(). Leakage cur-
rent of each line to ground: at 230V, 50
Hz, 0.4 mA; at 115V, 400 Hz, 1.5 mA.
Components Corp., 2857 N. Halsted St.,
Chicago, Ill. 60657.  CIRCLE NO. 433

Solid-State Cavity Oscillator, Model 7981,
covers the 0.95- to 2.05-GHz range. Signal
source can be operated either in CW or
pulse mode with pulse rise and fall time
of 100 ns max. Pulse voltage ON is —12V;
OFF is OV. Input voltage is =12V dc (=10
percent) with current drain of 60 mA max.
Nominal power output is 40 mW min (25
mW min for frequencies other than 1 to
2 GHz). Typical power output variation is
+2 dB over an octave frequency range.
Frequency stability is typically 50 ppm/°C
over a temperature range of 0 to 50°C.
Units come equipped with OSM female
output connector, but others can be sup-
plied upon request. Polarad Electronic
Instruments, Long Island City, N.Y.
CIRCLE NO. 434

High-Density Connector, called “Berg Zero
Force Connector”, is designed so that mul-
tiple leads from components, jumper wires,
computer memory planes and printed-cir-
cuit connectors can be inserted and with-
drawn with minimum push-pull forces.
The connector matrix is 0.1 by 0.2 in with
an average density of 80 contacts/sq in.
As many as 1280 contacts have been de-
signed into a single unit. The connector
contains a gold-plated leaf spring and con-
tact plate at each matrix location. After
leads are positioned, a nylon rod is inserted
through each of the eight rows of contacts.
The rod consecutively lifts and flexes the
springs, locking the leads in place and
completing the circuit. Berg Electronics,
Inc., York Expwy., New Cumberland, Pa.
17070. CIRCLE NO. 435

Microminiature Potentiometer is available
for optimum efficiency in the design of
high-frequency printed circuits and is ideal
for use where space is limited. It is a 1/4-
in trimmer microminiature metallic-film
potentiometer that incorporates infinite
resolution, low temperature coefficient
and a full range of resistance values from
10Q through 100k{). The trimmer is a
single-turn unit, housed in a molded dial-
lyl phthalate case and O-ring sealed. It is
available in two models, the MF2 without
stops and the MF2S with stops. It can with-
stand military environmental specifica-
tions such as MIL-STD-202B. Minelco,
600 South St., Holbrook, Mass. 02343.

CIRCLE NO. 436




This40 Amp

TRIAC
really
cntrols

2N5441 and 2N5442 press-fit
types give you:
+ 300 amp full cycle surge
capability
» power handling capability
of 5,000 watts for 120-volt
operation
» power handling capability of
10,000 watts for
240-volt operation
Because a Triac can do the job of two SCR’s back-to-back, the
2N5441 or the 2N5442 can virtually replace any two types in the
2N690-series or the 2N3873-series in circuits having comparable
voltage and current ratings—and with fewer components.

2N5444 and 2N5445 stud types also available.

Please give your RCA Field Representative a call if you need
application assistance in applying Thyristors to your control
problems. Ask him, too, for pricing information—or contact your
RCA Distributor. For technical data, write RCA Electronic

Components, Commercial Engineering, SectionRF-10, Harrison,
N. J. 07029.

CIRCLE NO. 68



Over 80% of current magnetic
shield designs originated at
MSD. Some were pretty simple

. . and some were pretty com-
plicated. Each was so success-
ful that they have made MSD
the world recognized standard
in magnetic shield design and
fabricating.

Whether your specific shield
problem requires a complicated

MAGNETIC
SHIELD
DIV.

AT
MSD,

THE
UNUSUAL

I%#\

WAY
LIFE

or simple solution, MSD's vast
design, engineering and fabri-
cating experience is available
to you.

Write for EMC Engineering and
Procurement Catalog.

West Coast Stocking Reps

Tech Rep Distributor Co Frauman Associates

10606 W. Pico Blvd P.0. Box 969
Los Angeles, Calif. 30064 Menlo Park, Calif. 94026
213, 836-6806 213, 871-0055 415, 322-8461

MAGNETIC SHIELD DIVISION

Originators of permanently effective non-shock sensitive shielding alloys

Perfection Mica Company ¢

1322 N. Elston Avenue, Chicago, Illinois 60622 ¢

CIRCLE NO. 69

Phone: 312, EV 4-2122

TWX 910 221-0105



Components

Message Readout accepts any binary or
teletype code up to 6 bits, does its own de-
coding and displays as many as 38 differ-
ent characters or messages, with a stan-
dard character height of 1-3/8 in. Called
the “Bina-View”, the unit may be driven
directly from computers or other electronic
equipment, and will operate on as little
as 128 mW per bit and 4W per set pulse.
The readout incorporates built-in memory
and will continue to display messages
when all bit and set pulse power has been
removed. Options include the ability to
display as many as four colors, a check-
back feature that will verify input signals
and an additional floating decimal point
that will display with any character on
command. Industrial Electronic Engineers,
Inc., 7720 Lemona Ave., Van Nuys, Calif.
91405. CIRCLE NO. 437

Solid-State Time-Delay Relays offer fixed
time delays ranging from 0.1 to 15s with
accuracies of =5 and *10 percent. De-
signed for circuit-board or chassis mount-
ing, the units have an output rating of
0.7A and a size volume of no more than
0.25 in®. The Series 1231 has both leads
extending from the bottom and the Series
1232 has one lead extending from each
side. Input voltage range is from 14-35V
dc and minimum holding currentis 10 mA.
Reset time is 20 ms max. ADC Electronics
Corp., 1227 W. 254th St., Harbor City,
Calif. 90710. CIRCLE NO. 438

ELECTRO INSULATION CORPORATION
2030 Montrose Avenue
Chicago, Illinois 60618

312-334-5504

SPECIAL PRODUCTS, INC.
15133 South Broadway
Gardena, California 90247
213-321-9910

.

CAMIE COMPANY, INC.
9225 WATSON INDUSTRIAL PARK
ST. LOUIS, MISSOURI 63126
314-962-7900

ACCENT CHEMICAL COMPANY, INC.
130 WOOD ROAD
BRAINTREE, MASSACHUSETTS 02142
617-843-4623

RESINS RESEARCH CORPORATION
1989 BYBERRY ROAD
HUNTINGDON VALLEY, PENNSYLVANIA 19006
215-672-2777

5 good people to know

Distributors of Stauffer S1-O-FLEX®
RTV silicone elastomers. Backed
by our silicone know-how and ex-
perience, they also offer their funda-
mental knowledge of your problems
and needs. Plus quick, convenient
service from complete stocks in
nearby warchouses.

STAUFFER CHEMICAL COMPANY
Silicone Division
299 Park Avenue, New York, N.Y. 10017

1 would like information on Si-O-FLEX® RTYV silicone elastomers.

You probably already know your
local distributor personally . . . but,
if not, just return the convenient
coupon to us. As quickly as we can
forward it, he’ll be visiting you.
Stauffer Chemical Company, Sili-
cone Division, 299 Park Avenue,
New York, N.Y. 10017.
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EDN-1 STAUFFER CHEMICALS . . . at work everywhere
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Time-Delay Relay, Model 3902, has a 1A,
dpdt contact arrangement. Time delays
from 0.1 to 15s are available. Less than
0.05A is required for continuous operation
from an input operating range of 20 to 30V
dc. The Model 3902 meets or exceeds all
applicable electrical and environmental
requirements of MIL-R-5757D. Also, spe-
cial designs are available for custom speci-

I’mlzlc¢ Jm ;

MIDG \fOU“
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92507.

High-Quality Fiber-Optic Bundles produced
at extremely low cost are available in stan-
dard bundle diameters from 1/16 to 1/2
in and lengths to 12 ft. Specifications: fiber
diam, 0.003 in standard (larger diameters
available); band radius, 1/4 in; spectral .
transmission, essentially flat from 4250
to 20,000 A. Also available are splayed
bundles bound in PVC, encapsulated and
optically polished at one end. Fiber
Photics, 2557 Soquel Dr., Santa Cruz,
Calif. 95060. CIRCLE NO. 439

fication. Bourns, Inc.,
Div., 1200 Columbia Ave., Riverside, Calif.
CIRCLE NO. 440

Trimpot Products

Decade Counter, called “Midgi-Counter”,
can count up to a 10-MHz rate’s TTL data
pulses and convert to seven-segment code.
Some features of this unit are IC compati-
bility, smallest size available—1/6 in?,
blanking and lamp test inputs, brightness
control and weight of 14g. This unit is ca-
pable of driving any of the “Midgi-Lites”.
Both military and commercial versions
are available and are designed for 5V oper-
ation. Pinlites, Inc., 1275 Bloomfield Ave.,
Fairfield, N. J. 07007. CIRCLE NO. 441

CERMET

Series 340 Top Adjust 1/4" x 1/4" x .220"
Cermet Trimmer

NEW FROM CTS

$1.25 ea. in 1,000 lots down to
93c ea. in 50,000 lots.

IMMERS

Series 360 Side Adjust 7/16" x 17/64" x 25/64"
Snap-in Type Cermet Trimmer

NEW FROM CTS

$1.04 ea. in 1,000 lots down to
80c ea. in 50,000 lots.

50 @ through 500K €.

50 Q through 1 megohm.

+20% tolerance.

+20% tolerance.

3/4 watt @ 25°C; 1/2 watt @ 85°C, derated to no load @ 150°C.

1 watt @ 25°C; 1/2 watt @ 85°C, derated to no load @ 125°C.

Single turn.

Single turn.

Prototype Quantities From Stock.
Production Quantities: 4-6 weeks.

Order from: CTS of Berne, Inc., Berne, Indiana 46711.
1 (219) 589- 3111.

'CTS CORPORATION

Founded 1896

CIRCLE NO. 71
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Prototype Quantities From Stock.
Production Quantities: 4-6 weeks.

O/der from: CTS of Berne, Inc., Berne, Indiana 46711.
Uik (219) 589-3111.

'CTS CORPORATION

Founded 1896

CIRCLE NO. 72
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Miniature Brushless DC Motors offer im-
proved reliability. The motors operate
without certain troublesome components
found in conventional motors—brushes,
commutators and rotor windings. They
areavailable now in fractional-horsepower
sizes to meet most applications. The dc
motors are competitively priced, and of-
fer extended service life for most high-
reliability, low-maintenance applications.
Siemens America, Inc., Power Equipment
Div., 350 Fifth Ave., New York, N.Y.
10001. CIRCLE NO. 442
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Flexible Jumpers, designated “Flex-Strips”,
provide printed-circuit interconnections
where flexing, hinging, weight and space
savings are desired. The tin-plated copper
conductors, bonded between two layers of
“Teflon”, are a continuous strip, which
is flat in the bonded area and round where
it projects from the insulation. The round
pins are soldered into holes in the cir-
cuit board. Digital Sensors, Inc., 4127 N.
Figueroa St., Los Angeles, Calif. 90065.

CIRCLE NO. 443

Subminiature Indicator, S3L Series, of-
fers three separate color indications in an
extremely small package. Three T-1 incan-
descent lamps with red, green and amber
lamp filters are permanently wired in a
0.360-in-diam by a 0.600-in-long body.
The S3L Series mounts in a 1/4-in hole
on 3/8-in centers. It is designed for air-
craft applications requiring a large num-
ber of indications in a limited amount of
space. Transistor Electronics Corp., Box
6191, Minneapolis, Minn. 55424.
CIRCLE NO. 444

CERMET TRIMM

Series 165-3/8" x 3/8" x 13/64" Cermet Trimmer

NEW FROM CTS

$3.25 ea. in 1,000 lots down to
$2.56 ea. in 50,000 lots.

Series 190-3/4" x .160" x .310"” Cermet Trimmer

NEW FROM CTS

$1.24 ea. in 1,000 lots down to
98c ea. in 50,000 lots.

50 Q through 1 megohm.

50 Q through 500K €.

+20% tolerance.

+20% tolerance.

1/2 watt @ 85°C derated to no load @ 150°C.

1/2 watt @ 85°C derated to no load @ 125°C.

25 turns.

20 turns.

Prototype Quantities From Stock.
Production Quantities: 4-6 weeks.

Order from: CTS of Berne, Inc., Berne, Indiana 46711.
sl (219) 589-3111.

'CTS CORPORATION

Founded 1896

CIRCLE NO. 73

Prototype Quantities From Stock.
Production Quantities: 4-6 weeks.

Order from: CTS of Berne, Inc., Berne, Indiana 46711.
el (219) 589-3111.

'CTS CORPORATION

Founded 1896

CIRCLE NO. 74
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If you've been biting your nails waiting
for an economical 100 p inch digital position
measurement system...relax.

WRITE DOWN THIS
MAGIC NUMBER:
LMS 100

Frankly, if this was just another linear measurement device, we couldn’t
blame you if you just shrugged and turned the page.

But here’s a system that delivers the ultimate accuracy and performance
you've a right to expect — and at a low price that puts the LMS-100 in a
ball park all its own. Look:

sk Resolution: 10,000 counts per inch.

*kAccuracy: 100 g inches per foot . traceable to the Nat’l Bureau

Standards.

sk Ruggedness: all solid state . . . scale graduations on durable Metlfilm.

sk Versatility: fits one, two or three axis applications. Measurement
length up to 48” available. OEM, rack or bench mounting. Interfaces
nicely with a variety of peripheral data equipment.

%k Operating simplicity: DRC’s unique optical system eliminates fussy
alignment between scale and head. Electronics are all IC. Complete
installation and maintenance documentation furnished.

sk Single responsibility: all system components, including bi-directional
counters, filtered power supplies, interface cables, scales and encoders
are manufactured, integrated, tested and shipped directly by DRC.

skAvailability: You can get the LMS now. Systems are currently being
delivered for a number of industrial control and machine tool appli-
cations.

CHALLENGE: Turn us over to your toughest evaluation engineer. If
we can’t make it with him we’ll go away quietly.

Send for {
Brochure LMS-100 | "o

DYNAMICS RESEARCH CORPORATION
Stoneham, Mass. 02180 - Tel. (617) 438-3900 - TWX (710) 348-0769

CIRCLE NO. 75
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Phase-Sequence Relay protects 3-phase
equipment against phase reversal,
grounded phase leads or open phase
leads. The 2000 Series units are available
with operating voltages from 120 to 480V
line-to-line and operating frequencies of
60 or 400 Hz. Hi-Tek Corp., 2220 S. Anne
St., Santa Ana, Calif. 92704.

CIRCLE NO. 445

Multiduty Op Amp, Model 1001, is designed
for use in portable instruments or remote
instrumentation. Intended for general-
purpose applications, the unit operates on
a supply voltage ranging from +1.85 to
+15V. Output range is larger than the
usual fraction of supply voltage, making
it an excellent unit for =10V output with
+12V supplies. Built-in bias-current com-
pensation, preset at the time of manufac-
ture, reduces dc errors caused by bias
currents over a wide range of operating
temperatures. Philbrick/Nexus Research,
Allied Dr., Dedham, Mass. 02026.
CIRCLE NO. 446



The Plaisted Polar Expedition needed
a battery that could come on strong at 20° below.

Mallory made it.
What can we do for you?

The arctic explorers of the Plaisted Expedi-
tion needed a battery. A battery reliable
enough for their ‘“diaries” — the portable
tape recorders they used to record impor-
tant events. A battery that could put out
strong, steady power at —20° F. A battery
that wouldn't crumble when the tempera-
ture reached -63° F.

o
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Mallory made it. The battery—a Mallory al-
kaline battery. Its ability to work when or-
dinary batteries are frozen is only one of
its superior qualities. Some others: extraor- \
dinary shelf life—over 80% of original ca- /
pacity after 2 years; exceptional perform-
ance under high current drains; low
impedance—in standard sizes as low as 0.1
ohm per cell. And, of course, the Mallory
alkaline battery has a very high energy den-
sity, up to 35 watt-hours per pound.

POWER PER POUND

The word “heavy” in “heavy-duty” batteries
often throws people off. Because heavy-
duty alkaline batteries often weigh a bit
more than the same size ordinary battery,
people feel they must be sacrificing light-
ness to gain power. Nothing could be fur-
ther from the truth. Alkaline batteries actu-
ally enjoy quite an advantage over ordinary
batteries when it comes to weight. The
secret is size. Because Mallory alkaline bat-
teries pack so much power in such a small
space, the size of a battery needed for a
given application can often be reduced.
Pound for pound—size for size—Mallory al-
kaline batteries provide more capacity—
more power than any ordinary battery.
OVER 1000 DIFFERENT TYPES

Chances are Mallory has the battery you
need already in production. Right now we're
making over 1000 different types and sizes.
And if we're not actually producing the one
you need, we'll be glad to sit down with you
to design one to your specifications.

For more information, please write Tech-
nical Sales Department, Mallory Battery
Company, a division of P. R. Mallory & Co.
Inc., South Broadway, Tarrytown, New York
10591. Telephpne: 914-591-7000. (In Can-
ada: Mallory Battery Company of Canada
Limited, Sheridan Park, Ontario.)

It's good business to do business with Mallory

CIRCLE NO. 76
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“lgot
edupwith
ngineering,
nonymous”

“You know the story. Big company.
Big government contracts. Dozens
of electronics engineers doing prac-
tically the same thing. And all feeling
completely divorced from the final
product.

“Maybe some guys like it. Working
on the sidelines—up to their ears in
some half-forgotten project.

“l didn’t. So | joined Friden.

“At Friden, you're never a ‘part’ of
the project. You are the project. We
work in small groups, designing
sophisticated mechanisms for vol-
ume production. You always follow
your project through to completion.

“It's great. When you do a good
job, people notice. And reward you

accordingly.

“We don’t spend year after year
on the same project, either. We work
on everything from small, mass-
produced computers to electronic
calculators (and we use computers
in designing).

“This is a booming industry. Which
means we have a lot of challenging
jobs for both EE’s and ME'’s.

“If you've become an unwilling
member of Engineering Anonymous,
why not accept this challenge. Give
us a call at (415) 357-6800.”

Or write George Tansill, Employ-
ment Manager, Dept. ED Friden, Inc.,
San Leandro, California 94577. We
are an equal opportunity employer.

Friden

DIVISION OF S l N G E R

DIVERSIFIED - WORLDWIDE

CIRCLE NO. 723 on Engineering Placement Card
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Clock-Face Turns-Counting Dial, Model 76,
offers accurate positioning for multi-
turn devices and is ideally suited to mini-
mum-space precision applications. Despite
its small size (7/8 in in diam), readability
is possible at a glance from any angle and
is of the highest order to fiftieths of a turn.
Model 76 features positive-action lock and
is available with standard 1/4-in shafts.
The block hands and integers are finished
with a glow-orange enamel. Duncan Elec-
tronics, Inc., 2865 Fairview Rd., Costa
Mesa, Calif. 92626. CIRCLE NO. 447

Pushbutton Switches with Matching Indi-
cator Lights are available with snap-in
mounting feature. [llumination is by one
T-1-3/4 incandescent bulb in the 6 to 28V
range. Dialight Corp., 60 Stewart Ave.,
Brooklyn, N.Y. 11237. CIRCLE NO. 448

High-Speed Rotary Switch can withstand
temperatures of up to 1650°F for extended
periods of time without distortion or fail-
ure. It has functioned at operating veloci-
ties of 4.4 surface ft/s under a single-point-
contact brush load of 10g. The switch
element is 0.335 in in diam and 0.160 in
thick and contains two rows of four-con-
tact segments. The entire switch is a glass-
ceramic material, with hard 24-carat gold
firmly adhered to glass-ceramic as the
contact segment. Poly-Scientific Corp.,
Blacksburg, Va. 24060. CIRCLE NO. 449

EDN October 1968
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Subminiature Inductor, called “Super Wee-
Wee-Ductor”, offers the design engineer a
molded, shielded unit with unprecedented
inductance-to-size ratio. It incorporates a
unique T-lead construction on all values
from 0.10 to 10,000 wH, providing excel-
lent reliability where fine wire sizes are
used. The “Super Wee-Wee-Ductor” meets
the stringent requirements of MIL-C-
15305C, Grade 1, Class B, and MS90537.
Nytronics, Inc., Essex Electronics Div.,
550 Springfield Ave., Berkeley Heights,
N. J. 07922. CIRCLE NO. 450

Miniature X-Band Coaxial Isolator with
400-MHz bandwidth and VSWR of 1.30
features isolation of 80 dB min (70 dB
from —55 to 95°C).and insertion loss of
0.7 dB max (0.8 dB from —55 to 95°C).
It measures 3 by 13/16 by 1 in, weighs
4 oz and has OSM connectors. Micromega,
4134 Del Rey Ave., Venice Calif. 90291.

CIRCLE NO. 451

Shaft Encoder, called “Decitrak”, converts
mechanical motion into digital electrical
data for numerical display, computer
input, automatic card punching and set-
point control. The encoder with its asso-
ciated electronic modules automatically
performs many data-taking tasks and
directly generates digital tapes and
punched cards from instrument outputs.
The accuracy is 1 part in 10,000; the size,
2-1/2 in in diam, and power required,
115 or 220V. Theta Instrument Corp., 22
Spielman Rd., Fairfield, N. J. 07006.
CIRCLE NO. 452

Y/ /7798 Communications
Products for Industry

The development of a comprehensive line of
precision-engineered RF components, switches and
test equipment has been of major importance at
Waters for many years. Full data on our standard
products is available in the brochure, “Communi-
cations Products.” Waters Engineering will co-
operate on special requirements.

MOBILE ANTENNAS

Waters commercial mobile antenna systems
cover frequency ranges from 2 to 30 MHz
and possess unequaled structuaral strength.
Interchangeable top-center loading coils
molded in low-loss Epoxy and permanently
sealed to meet all environmental condi-
tions. Power ratings to 1000 watts PEP
Input at a base impedance of 52 ohms.

AUTO MATCH’
Mobhile Antenna

DUMMY LOAD/WATTMETERS

The 334A Dummy Load/Wattmeter combines
a 52 ohm RF power absorption load with a
direct reading RF wattmeter. The unit is
rated for 50 watts continuous use with
intermittent operation to 1000 watts from
2 to 230 MHz. Four calibrated.scales permit
accurate measurement at any power level.
Recommended for laboratory use, produc-
tion tests and for application in field main-
tenance work.

DUMMY LOAD-WATT
MODEL-334

HYBRID COUPLER/PHONE PATCH

Waters compact Universal Hybrid Coupler/
Phone Patch is an interface device that in-
tegrates the operation of a radio transmit-
ter/receiver and the telephone line, and
provides an interconnection of a tape re-
corder for recording and play-back to either
radio or line. Completely solid state, the
Coupler is simple to operate and easily

WATERS

AVAAZAL MANUFACTURING INC.
w WAYLAND, MASS. 01778

Waters Manufacturing is a member
of Electronic Industries Association.

“FREQUENCY RANGE 2-330 Mz e
1
! N OFF FULL SCALE POW
TRANSWITER HWATTY
WHEN LIOHTED 190 300
. 1000

DUMMY LOAD/WATTMETER

HYBRID COUPLER/PHONE PATCH

CIRCLE NO. 78
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Low cost.
High quality.

Douglas Randall series G reed relays offer outstanding
benefits in economy and reliability because of simplified
design. Rugged bobbin construction features heavy duty,
integrally mounted coil terminals.Switch leads are welded
to the terminals to increase reliability and eliminate heat
stress. Stand-off shoulders are an integral part of these

terminals to maintain clearance

between the circuit board and the relay ’ l e
for cleaning. ® Series G relays are avail- ’ |

able in 6-12-24V ratings in addition to

other coil voltages. Standard units are stocked for imme-
diate delivery and specials are available to specifications.
Either way you get the benefit of Douglas Randall’s
extensive experience in the manufacture of reed relays
to exacting requirements at utmost economy. ® For in-
formation or assistance, contact: Douglas Randall, Inc.,
6 Pawcatuck Ave., Westerly, Rhode Island 02891.

Douglas Randall, Inc.
Division of Walter Kidde & Company, Inc. Kidde

CIRCLE NO. 79

Card-Edge Receptacle for PC boards offers
84 dual-readout contacts spaced on 0.200-
in centers. The connector features 4-in-
long card guides and an optional snap-in
center guide, thereby accommodating one
or two 1/16-in-thick PC cards. The insula-
tor is glass-filled nylon and the contacts
are made of gold-plated phosphor bronze,
rated at 5A and designed for wire-wrap
terminating. Elco Corp., Willow Grove,
Pa., 19090. CIRCLE NO. 453

162

Instantaneous Frequency Discriminator
converts a single RF input signal to sine
and cosine outputs for polar display or
frequency. It is available in frequencies
ranging from 0.25 to 18 GHz. Advanced
printed stripline techniques and rugged
construction assure reliability even in the
most adverse environments. This complex
signal-processing network is contained in
a very compact package providing orders-
of-magnitude size reduction over conven-
tional constructions. Anaren Microwave,
Inc., 478 E. Brighton Ave., Syracuse, N.Y.
13210. CIRCLE NO. 454

Broadband, Low-Pass Filter, called “Little
Button”, is designed to meet the demands
for subminiaturization of EMI suppression
devices. The filter occupies less than 20
percent of the volume compared to the cur-
rent line of miniature broadband filters.
It is obtainable in hermetically sealed or
epoxy-potted versions. The epoxy-potted
version is 0.287 in long; the hermetically
sealed button uses glass-to-metal sealed
terminals and is 0.357 in long. Both ver-
sions are 0.405 in in diam. These filters
utilize an L-type network and have a 15A
rating. Gulton Industries, Metuchen, N. J.

CIRCLE NO. 455
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Miniature Resistance Temperature Detec-
tor is used where space and response re
quirements are critical. Its minimal time
lag insures fast reaction to load changes
with minimum overshoot. Sensitivity and
repeatability are superior. The sensitive
length is 0.35 in and diam is 0.075 in. The
total sensor length is 1.25 in and the diam-
eter of the stainless-steel mounting sleeve,
0.125 in. Maximum operating tempera-
ture is 1100°F. It also is available as a dual
signal sensor. Electric Thermometers,
Inc., 10 Glover Ave., Norwalk, Conn.
06850. CIRCLE NO. 456

llluminated-Filament Readout Lamp per-
mits daylight and wide-angle viewing.
Low-voltage, long-life “Numeralamp” pro-
duces numbers from 0 through 9, plus op-
tional decimal point. Design voltage is 4V
ac/dc, with 200,000h average life at this
voltage. Brightness is rated at 4000 fL.
Design filament temperature is approxi-
mately 1800°K. Sealed in standard vac-
uum tube with nine-pin miniature base,
lamps are mounted on 1-in centers. They
measure 2.1 in high and 0.83 in wide.
Character size is 0.4 by 0.7 in. Los Angeles
Miniature Products, 17000 S. Western
Ave., Gardena, Calif. 90247.

CIRCLE NO. 457

New from Howell. ..

Solid-state digital data
acquisition system

For linear and non-linear signals

This highly advanced Howell digital data system
monitors RPM, torque, vacuum, fuel flow, three differ-
ent pressures, and five different temperatures for a
major automobile manufacturer to determine engine
durability. Signals are received from thermocouples,
tachometer generators, and a variety of pressure,
fuel-flow, and torque transducers. Output is to an
IBM Selectric® typewriter which automatically records
the measured values together with the time of entry,
channel identification, and an out-of-limit indication.
Other systems are available with output for tape
punches or printers.

The system includes a solid-state non-linear/linear
digital indicator for measuring and displaying physical
processes and a solid-state reed relay scanner utiliz-
ing integrated circuit construction. Systems are avail-
able for monitoring up to 1000 points.

Write today for a 12-page brochure describing this and a wide
range of other Howell digital data acquisition systems.

Howell also offers a wide variety of other instruments . . . customized for many applications.

7 HOWELL INSTRUMENTS, INC.

3479 West Vickery Bivd.
Area Code 817 336-7411 + Fort Worth, Texas 76107

\

ngeenng and Sales Offices in Principal Cities in the United States, Canada, England, Australia, and Ja;y

CIRCLE NO. 80
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High-voltage rectifier and rectifier assem-
blies feature PIV’s from 5000 to 45,000V,
output current capability from 1 to 10 mA
at 65°C ambient and an operating fre-
quency of 100 kHz with a 300-ns recovery
time. Dimensions are 0.25 in sq and 1 in
long. Varo, Inc., Semiconductor Div., Box

1437, Garland, Tex. CIRCLE NO. 458

HRN8348D is a MOSFET designed for use
in high-speed multiplexing and as a re-
placement for some types of mechanical
relays. Typical channel resistance is 25()
when biased with —10V gate bias. Break-
down voltages exceed —20V and the gate
terminal is diode protected. Gate-to-drain
and gate-to-source capacitances are typi-
cally 7 pF. Packaged in TO-72 containers,
units are priced at $6.75 in quantities of
1000. Hughes MOSFET’s, 500 Superior
Ave., Newport Beach, Calif. 92663.
CIRCLE NO. 459

Model 830 is industry’s first fully compen-
sated FET operational amplifier in a dual
in-line epoxy package. Key specifications
include short circuitproof, voltage gain of
300,000, 20 wV/°C drift, input bias current
of 15 pA, 6V/us slew rate, 10V common-
mode voltage and output of 10V at 5 mA.
Zeltex, Inc., 1000 Chalomar Rd., Concord,
Calif. 94520. CIRCLE NO. 460

154

Single-phase power bridges are rated to
1.5A with surge rating capability to 25A.
PIV ranges from 50 to 600V and recovery
times of 2 us, 500 ns and 50 ns typical are
available. In 100 pieces, price for the
transfer-molded units is $4.70 each.
Unitrode Corp., 580 Pleasant St., Water-
town, Mass. 02172. CIRCLE NO. 461

2N5452-54 dual-junction FET’s feature an
output admittance guaranteed to be below
1 umho. The 52 unit has a tight match in
output admittance of 0.05 wmho typically
at a frequency of 1 kHz. Offset voltage is
5, 15 and 25 mV max, respectively, and
leakage is 100 pA max. The 52 unit also is
characterized by a drift spec of 5 uV/°C
over the range of —55 to 125°C. Union
Carbide Electronics, Semiconductor Dept.,
8888 Balboa Ave., San Diego, Calif. 92123.

CIRCLE NO. 462
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1N4942, 44 and 46, 1A fast-recovery rec-
tifiers feature 200, 400 and 600V PIV and
150-ns recovery time. Units handle surges
to 15A for 8.3 us and body size is 0.16 in
long by 0.085 in in diam. The series meets
all requirements of MIL-S-19500/359A.
Prices in 100 pieces start at $2.75.

Unitrode Corp., 580 Pleasant St., Water-
town, Mass. 02172. CIRCLE NO. 463

T2-1 and T2-2 are npn transistor pairs
available in die form, wafer form or pack-
aged in a 10-pin TO-5 or dual in-line con-
tainer. Characteristics that are similar
for both units include an f, of 450 MHz,
BV, of 20V and P, of 100 mW. Typical
saturation voltage at an I, of 5 mA is 0.3
and 0.25V, respectively, and the electrical
substrate breakdown voltage is 35 and
15V min, respectively. A third unit, T3-1,
is a multidevice unit for designing silicon
monolithic IC’s and for evaluating process
sequences. Each transistor die measures
50 mils on a side and contains the follow-
ing matched pairs: one medium geometry,
two small geometry and two laterial pnp
configurations. This unit also is available
in a die form, wafer form or the 10-pin
TO-5 or dual in-line container. In 100-499
units, prices are $2.75 (T2-1), $3.25 (T2-2)
and $4.50 (T3-1). Integrated Circuit
Engrg. Corp., 4900 E. Indian School Rd.,
Phoenix, Ariz. 85018. CIRCLE NO. 465

i

MPSUO1 and MPSU51 are npn and pnp
complementary transistors designed for
use in audio amplifiers delivering up to
5W output. V., ., is 1V at 1A, max V ,,
is 30V and max I. is 1.5A with a device
dissipation rating of 8W and a case tem-
perature of 25°C. In quantities of 100
units, prices are $0.77 and $0.89, respec-
tively. MPSUO02 and MPSU52 are npn and
pnp transistors intended for general-pur-
pose amplifier and driver applications.
These units have an f, of 150 MHz, V.,
max of 40V, I .. max of 800 mA and a dissi-
pation of 6W at a case temperature of
25°C. The 100-quantity price is $0.66
and $0.77, respectively. MPSUO03 and
MPSU04 are 1A silicon transistors de-
signed for video output circuits. These
units feature high collector-emitter break-
down voltages of 120 and 180V, respec-
tively, minimum gain is 40 at an I, of 10
mA, V., is 0.5V max at 200 mA collector
current and dissipation at 25°C case tem-
perature is 8W. In 100 quantities, prices
are $0.94 and $1.08, respectively. Moto-
rola Semiconductor Products, Inc., Box
20924, Phoenix, Ariz. 85036.

CIRCLE NO. 464
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“‘Microcap” voltage-variable capacitors
are available from 1 to 22 pF (at 4V bias)
in a package only 45 percent of the stan-
dard DO-7 size. The units make electronic
tuning practical in the 200- to 1500-MHz
region. Application notes for linear opera-
tion are available. Eastron Corp., 25
Locust St., Haverhill, Mass. 01830.
CIRCLE NO. 466

MICROCAP,

C1160 426-bit MOS dynamic serial-shift
register contains 2567 devices om a 105-
by 106-mil chip. The unit requires half the
voltage and less than one-fourth the power
of comparable circuits. It operates with a
2-phase clock at shift data frequencies
from 50 kHz to 5 MHz. Maximum power
dissipation is 400 mW. Available in the
TO-87 and TO-5 packages, units are priced
from $87 each. American Micro-Systems,
Inc., 3800 Homestead Rd., Santa Clara,
Calif. 95051. CIRCLE NO. 467

2N4862-64 are 2A npn silicon power tran-
sistors designed to fill the void between
small-signal and high-power device appli-
cations. Units have voltages to 300V, leak-
ages of 0.5 nA, saturation voltages less
than 0.1V and uniform current gain from
10 to 500 mA. Typical f, is 85 MHz. Units
are available in the TO-46, TO-5 and TO-
66 packages. Solitron Devices, Inc., 1177
Blue Heron Blvd., Riviera Beach, Fla.
33404. CIRCLE NO. 468

1N1199A, RA-1N4506, R comprise a line
of 12A silicon power rectifiers with
PIV from 50 to 1200V. Units have surge-
overload current ratings to 240A and
prices range from $0.99 to $3.45 in single-
unit quantities. Tung-Sol Div., Wagner
Electric Corp., 1 Summer Ave., Newark,
N. J. 07104. CIRCLE NO. 469

K4044-46 are dual npn silicon transistors
contained on a single 20- by 20-mil chip.
Not only are both transistors completely
isolated from each other, but the collectors
also are isolated from the bottom of the
chip, allowing the use of an epoxy adhe-
sive for mounting chips to a substrate.
V4, s rated 60, 45 and 30V, respectively;
Vi san 18 0.35V for all units and h,, is
225 min for the 44 unit and 150 min for
the 45 and 46 units. Prices start at $1.
Industro Transistor Corp., 35-10 36th
Ave., Long Island City, N.Y. 11106.
CIRCLE NO. 470

5 psid

140 inches 112()

i

260 mm Hg (Torr)
/

1/3 atmosphere
R

“PITRAN” pressure-sensitive transistor
transducers now are available for bidirec-
tional ranges of 2 and 5 psid. Linear out-
puts of more than 20 percent of the supply
voltage can be obtained without amplifica-
tion. Supply voltage can range from 1 to
50V. The device is a silicon planar npn
transistor with emitter-base junction me-
chanically coupled to a diaphragm located
in the top of a TO-46 can. Price in proto-
type quantities is $85. Stow Labs., Inc.,
110 Barton Rd., Stow, Mass. 01775.
CIRCLE NO. 471

Bulova can

crystal
you need

to match your specs!

Many years of supplying crystal control
units for the most advanced military and
space programs enable Bulova to offer

a full line encompassing virtually the
entire frequency spectrum—2 kc to 125
Mc for oscillator and filter applications.
We can supply every type of packaging
—including koldweld and glass sealed.
Our military crystals meet latest
MIL-C-3098D specifications. All
reasons why you should make Bulova
your single source of supply.

HIGH PRECISION GLASS SEALED

CRYSTALS 1 Mc to 125Mc. Available in

vacuum sealed, glass enclosures of the

HC-26/U and HC-27/ U type.

Example: Precision SSB Crystals

Frequency: 1 Mc to 5 Mc

Holder: HC-27/U
Tolerance: =.0025%

| from —55°C to +90°C, or

to specification

Aging: 3 x 10°® per week

after one week stabilization

at 75°C

KOLDWELD SEALED CRYSTALS —low
aging, high reliability, 1 Mc to 125 Mc.
Now available in TO-5, HC-6/U

and HC-18/U type cans sealed by the
koldweld process to eliminate effects of
heat and to reduce contamination.
Example: TO-5 ”
Frequency: 15 Mc to 125 Mc
Tolerance: =.0025% from !
—55°C. to. +105°C, or'to i‘
specification i i
Aging: 1 x 107 per week !‘ {X

after one week stabilization |
at 75°C i

Write or call for specifications on
Bulova’s complete line of crystals.
Address: Dept. EDN-17

BuLova

FREQUENCY
CONTROL PRODUCTS

ELECTRONICS DIVISION
OF BULOVA WATCH COMPANY, INC.

61-20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000

CIRCLE NO. 81
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New SC's

LM170 is a monolithic AGC/squelch am-
plifier. It contains the preamplifier, vari-
able gain circuit and sensitive squelch
threshold detection on the same chip. It
features a large gain control of 80 dB, dif-
ferential inputs with common-mode input
range and dissipates only 18 mW from
4.5V supply. For 100-999 units, a —55 to
125°C price is $12.95 or $4.95 for a —25
to 75°C unit. CIRCLE NO. 472

MM420 is a monolithic MOS 256-bit read-
only memory that contains all the control
logic and memory on the same chip pack-
aged in an eight-lead TO-5 container. In-
cluded on the chip are the counter decoder,
address logic and sense amplifier. An end-
of-sequence output is provided to allow
expanding of the serial bit length without
using external components. Programming
the metallization pattern during fabrica-
tion sets up the read-only characteristics
of the memory. In 1-24 quantities, a —55
to 125°C unit is $90 and a 0 to 70°C unit is
$37, with the price for each metal-mask
option $800. CIRCLE NO. 473

National Semiconductor Corp., 2950 San
Ysidro Way, Santa Clara, Calif. 95051.

Model 5500 monolithic analog multiplier
is packaged in a TO-5 low-profile can, fea-
tures +1 percent max error, =5 to =20V
supply operation, complete temperature
compensation with a full operating tem-
perature range from —55 to 125°C, and no
external compensation is needed. The 1-9
price range is $17 each. Optical Elec-
tronics, Inc., Box 11140, Tucson, Ariz.
85706. CIRCLE NO. 475
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Series E4 power rectifiers have PIV rat-
ings from 50 to 1000V, 6A max forward
current (single-phase), surge current of
250A, 1.1V max forward voltage drop at
6A, maximum reverse current at 150°C at
1 mA and an operating temperature from
—65 to 175°C. Edal Industries, Inc., 4
Short Beach Rd., East Haven, Conn.
06512. CIRCLE NO. 476

“Phasistors” are designed for use as a
phase-control device in applications such
as light dimmers, ac-dc motor controls,
temperature  controls, constant-light
photoelectric controls and variable sup-
plies. They have excellent stability, supe-
rior surge capability, control grid sensi-
tivity in the range of microamperes and
are virtually free from any injurious RFI
effects. Units are available in blocking-
state voltages to 500V and current ratings
to 15A with resistive, inductive and incan-
descent loads. Typical prices on 6.5A units
with 220V blocking voltages start at $6
in quantities of 1-24 units. Hybrinetics,
Inc., 14630 Wicks Blvd., San Leandro,
Calif. 94579. CIRCLE NO. 477

Type 272 “Pow-R-Disc” is a full-capacity
thyristor mounted in a new flat-pack
container. It is rated at 300A half-wave
average, with forward blocking voltage
to 1500V. Package size is approximately
1/2 inch thick and 1-1/2 inches in diam. In
this package, the silicon wafer is cooled
from both sides with an equal thermal
impedance from the junction to either face
of the heat sink. This results in a forward-
or reverse-polarity mounting capability.
Price for 25 to 99 pieces is $150 for the
600V model. Westinghouse Semiconductor
Div., Youngwood, Pa. 15697.

CIRCLE NO. 478

BHA-0001 is a 2W Class A audio amplifier
that features an audio output power at a
frequency of 1 kHz equal to 2W, response
from 40 to 10,000 Hz, input impedance of
3002, input voltage of 5 mV, power dis-
sipation of 12W max at a T, of 100°C, oper-
ating case temperature of —30 to 100°C and
noise output relative to 1W of —50 dB. The
thick-film unit has been optimized for
marine and automotive applications with
battery voltages of 14V. In such applica-
tions, rated output can be sustained with
power-supply voltages from 11 to 16V. In
100-999 quantities, price is $4.90 each.
Bendix Semiconductor Div., South St.,
Holmdel, N.J. 07733. CIRCLE NO. 479

5A SCR’s can handle 5A at 100°C, feature
low thermal resistance of 3.3°C/W, a low
holding current less than 3mA, fast
recovery time of 50 us, a maximum gate-
trigger current of 200 uA and a high-
voltage rating from 60 to 400V. The unit is
mounted in a stud-mounted package
with anode internally connected to the
case. Solid State Products, Inc., 1 Pingree
St., Salem, Mass. 01970.

CIRCLE NO. 480
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CIRCLE NO. 114

New SC’s

The Type SL5 slip-on spring receptacle is specially designed for use with
the comprehensive DZUS Standard Line of fasteners. It offers the unique
advantage of permitting installation, easily and rapidly, without additional
preparation normadlly required. Only a single drilled or punched hole in the
support member is needed for installation. Receptacle accommodates
thicknesses from .036 to .128.

u cuts assembly time and labor costs ® slips on by hand and holds position
under spring tension ® needs only one mounting hole ® accommodates
various support thicknesses minstalls easily in normally inaccessible areas

Write or call for BULLETIN NO. SL-1
SALES ENGINEERING AND TECHNICAL SERVICES NATIONWIDE

425 UNION BOULEVARD WEST ISLIP, L. I., N. Y. 11795
‘“NOTHING DOES IT LIKE A DZUS" 516-669-0494
CIRCLE NO. 84
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TDA420 is an npn transistor with character-
istics that include an I, range from 25-100
mA, V., of 25V, h,, min is 40 at an I of
75 mA and f, is 1000 MHz. The chip is
mounted in a new “Tri-LID” package that
offers all of the advantages of the con-
ventional four-legged “LID”, plus greater
power because of its slightly larger dimen-
sion and triangular shape. A new bro-
chure entitled “LID’S— Leadless Inverted
Devices” describes this package in more
detail. Also included are five new semi-
conductors in the conventional “LID”
package that includes three N-channel
FET’s, an npn medium-current switch and
core driver and an npn low ON-resistance
switch. Amperex Electronic Corp., Semi-
conductor & Microcircuits Div., Slaters-
ville, R.I. 02876. CIRCLE NO. 481

Oxide-isolated transistor chips for hybrid-
circuit application are available in clus-
ters. In addition to each transistor’s being
oxide-isolated from each other, the bottom
of the chip also is oxide-isolated, so that
the unit cannot short out with anything
else. To reduce the number of wire bonds
necessary between units on any chip,
interconnection patterns also are avail-
able. Typical frequency of any individual
transistor is 200 MHz. Voltages over 100V
are possible and a saturation of less than
0.5V at 50 mils is available. Industro
Transistor Corp., 35-10 36th Ave., Long
Island City, N.Y. 11106.

CIRCLE NO. 482

CIRCLE NO. 85 »
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You probably never knew it, but
Sylvania is one of the biggest mak-
ers of precision-built circuit-board
connectors. For years we have been
supplying the biggest names in the
computer and communications
fields. But strictly on a custom
basis.

Some of our custom designs have
become industry standards. And
now we are making them available
as off-the-shelf items. This means
you can now get the benefits of cus-

g Oy 0

(I

L

tom design without tooling or set-
up charges. . ;

And it means you can buy in
small quantities at low prices.

You get ‘Sylvania’s exclusive
welded gold-dot contact design that
puts the gold only where it’s needed
for low contact resistance (less
than 50mV). And less gold means
less expense.

You also get Sylvania’s precision
construction that puts wire-wrap
terminals exactly in the right posi-

CONNECTORS BY

A SUBSIDIARY

GENERAL TELEPHONE & ELECTRONICS

tion for programmed wiring sys-
tems. :

Formats available include: 44-
pin single position, 20-pin single
position, 212-pin eight position,
and 220-pin five position. Contact
ratings up to 5 Amperes.

If these types won’t fill your
needs, remember we’re still one of
the biggest names in custom de-
signs. Call us. Sylvania Metals &
Chemicals, Parts Division, Warren,
Pa. 16365.
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Leave
the

relay drivin

to us!

TO-5 Relay

Teledyne Relays has put the Driver where it

belongs — in the Driver’'s Seat. Neatly enclosed

in the relay package, it: * suppresses

coil transients ¢ increases reliability ~ =%

*» reduces design time ¢ reduces relay package

size more than 509% < cuts production costs.
Don’t wait! Our new T Series TO-5 Relays, with

“n"

Driver enclosed, are in full production—available
off-the-shelf. Driver cost? Less than $3. Learn
how Teledyne is qualified to meet your specific
relay requirements — current or future.

Send for complete data on our T Series TO-5
Relays:

TELEDYNE RELAYS
A TELEDYNE COMPANY

3155 West El Segundo Boulevard * Hawthorne, California
90250 Telephone: (213) 679-2205

CIRCLE NO. 86



TELEDYNE RELAYS
ENGINEERING
SALES REPRESENTATIVES

N. Mex., Colorado, Utah, Nev.,
El Paso County in Texas
Bennewitz Associates
505-298-6775

Minn., Ind., Wisc., lowa, Il
Burt Anderson & Associates
312-774-8989

Alabama
Bostick & Associates
205-881-3677

Ga., Tenn., N.C., S.C.
Bostick & Associates
404-252-1958

Canada
A. Deskin Sales
514-384-1420

Arizona

Dubblar Associates
602-277-9739

Ohio, Ky., Mich., W. Penn.
Electronics Marketing Corp.
614-299-4161

New York, N.J. Metropolitan Area
Friedman-Smith Electronics
914-664-4866

Upstate New York
|. A. Hotze Company
315-479-6641

Missouri, Kansas, Nebraska
Pem Sales Co.
314-427-7200

Florida
Reynolds & Associates
305-727-3205

Wash., Ore., Idaho, Mont.
Showalter-Judd, Inc.
206-324-7911

Texas
Solid State Sales Co.
214-352-2601

Va., W. Va., Md., E. Penn., Del.,
Wash. D.C., So. N.J.

Teledyne Relays

201-542-6884

New England

Tritek, Inc.

617-272-4550

Northern Calif.

Gene C. Woempner Company
415-349-6316

Southern Calif.

Teledyne Relays

213-679-2205

Eastern Regional Sales Manager (New Jersey)
C. D. Stalker

201-542-6884

Export Representative (California)

Amelco Semiconductor
415-968-9241

TELEDYNE RELAYS

“n"

A TELEDYNE COMPANY

New SC's

Ag is the most significant bit of A
Vee Aq A3
|1a 13 12

STROBE

ls
—_— =

=
1 2 Ix
Bs B3 B,
DM7200/DM8200 monolithic four-bit com-
parator is used to compare the numerical
values of 2 four-bit binary numbers.
Outputs indicate number A greater than
number B, number B greater than number
A or both numbers equal. A strobe input
overrides all other inputs and places the
outputs in a definite state. Character-
istics include a 1V typical noise immunity,
20-ns typical propagation delay and 175-
mW typical power dissipation. Available
in 0 to 70°C and —55 to 125°C versions,
the 1-24 prices start at $14.40.

CIRCLE NO. 483

CDA1 series of D/A ladder switches fea-
tures a typical transistor ON resistance
of 5Q). Used with a ladder network of
20 and 10-k{) resistors, the standard
CDA1 matched units will build a 10-bit
system accurate to 1/2 bit. For a 12-bit
system, the CDA1-3S12 consists of 10
standard CDA1-3 units, plus two CDA1-3
units with ON resistance of 5() + 1Q. For
a 14-bit system, the CDA1-3S14 set con-
sists of the above set, plus two CDA1-3
circuits with ON resistance of 50 + 0.5().
In small quantities, prices start at $528.
Crystalonics, A Teledyne Co., 147 Sherman
St., Cambridge, Mass. 02139.

CIRCLE NO. 485

]5 6 17
By NC X GND
NHO0006C is an integrated relay lamp
driver designed to accept DTL or TTL
logic levels and drive a load up to 300 mA
at 28V. Dual AND inputs are provided
along with an expander connection.
External control of rise and fall times is
provided to decrease cold lamp surges or
to minimize EMI if long lines are to be
driven. Operating temperature is from
0 to 70°C and the 1-24 price is $18.
CIRCLE NO. 484

National Semiconductor Corp., 2950 San
Ysidro Way, Santa Clara, Calif. 95051.

D5109 diodes are contained in a new pack-
age for multithrow broadband PIN and
varactor diodes. Called “spider” diodes,
the new sealed packages offer up to eight
ribbon radial leads with a common-center
lead. Typical characteristics include a
200V breakdown at 10 A, 0.2 pF at —50V
junction capacitance, series resistance of
2.5Q at 100 mA and 1 kHz, 20-ns switch-
ing time and 0.25W dissipation at 25°C,
with a peak power-handling capability of
700W and an operating junction tempera-
ture of 150°C. Microwave Group, Semi-
conductor Div., Sylvania Electric Products,
Inc., 100 Sylvan Rd., Woburn, Mass. 01801.

CIRCLE NO. 486
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BOURNS

Time Delays
operate reliably...

Fyi

Adjustable

Adjustable
or fixed

LI .
after time...after
time...after time..
after time...

Operating temperatures range from -55°C
to +1259C...each model meets all appli-

cable electrical and environmental re-
quirements of MIL-R-5757D...operating
voltage range of 20-30 volts D.C. Special
units can be supplied upon request.
Obtain complete details on this versatile
line of time delay relays by calling or
writing the factory, your local Bourns
sales office or representative today!

1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507
714 684-1700, TWX 682-9585 CABLE BOURNSINC

CIRCLE NO. 87
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New SC's

SDP1040, 50, 60 (eight-diode) and
SDP1070, 80, 90 (16-diode) arrays are
available with switching speeds in the
range of 50 ns or less and are packaged in
hermetically sealed containers for military
as well as commercial use. Typical ap-
plications include core driving, magnetic
cores, memory drums and tapes. Prices in
quantities from 1 to 99 range from $14.50
to $22.50. CIRCLE NO. 487

nQ;/

3VR6-3VR150 3W zener diodes are pack-
aged in a new axial-lead epoxy package
that is easier to mount and costs less than
the standard DO-4 stud-mounted metal
case. Units are available from 6.8 to 150V,
and at the 1000-piece-level price is $0.70
each. CIRCLE NO. 488
Transitron Electronic Corp., 168 Albion
St., Wakefield, Mass.

185 .00s [ |

210 015
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CA4L2-E bulk gallium-arsenide diode can
furnish 100W pulses at operating fre-
quencies from 1 to 1.5 GHz. It is designed
to handle pulse lengths up to 250 ns with
average powers up to 25 mW. Cayuga
Assoc., Inc., Parker Rd., Long Valley, N. J.
07853. CIRCLE NO. 489

SE517) dual operational amplifier features
a typical channel separation of 90 dB
from dc to 200 kHz, a unity-gain frequency
response of 15 MHz, input impedance of 25
k() and a typical gain of 20,000. Available
in both a military and commercial/indus-
trial version, the latter is priced at $5 in
100-up quantities. CIRCLE NO. 490

Four new multiple OR gates have been
added to the “Utilogic II” commercial/
industrial IC family. New units include a
quad two-input OR gate (384), a dual four-
input expandable OR gate (334), a triple
three-input OR gate (374) and a triple two-
input expandable OR gate (375). In the 10
to 55°C range, prices for each, in 100-up
quantities, are $1.03, and in the 0 to 75°C
range, price is $1.11 in 100-up quantities.

CIRCLE NO. 491

Twenty high-speed TTL circuits in the
5400/7400 series are available. The 20
circuits are direct pin-for-pin replace-
ments for the original line of 54/7400 cir-
cuits. However, the new units are offered
in a 14-lead silicone DIP that is reported to
be superior to the original circuits’ epoxy
packaging. The new package is superior in
moisture resistance, thermal stability and
radiation resistance. CIRCLE NO. 492
Signetics Corp., 811 E. Arques Ave.,
Sunnyvale, Calif. 94086.

RM4101 is a monolithic general-purpose
operational amplifier that is internally
compensated by addition of a 30-pF MOS
capacitor to the chip. The unit operates
over a *5 to 20V supply range while
operating at a nearly constant current
independent of supply voltage. This is
accomplished with a buried FET resistor.
Input voltage range is =12V, increasing
to =15V for supplies ranging from +15
to +20V. “Latch-up” has been eliminated
in the design of the 4101 circuit.
CIRCLE NO. 493

RM-80 is a 16-bit integrated circuit
“scratch pad” memory, arranged in a 4
by 4 matrix, and has nondestructive
readout. Typical characteristics include
turn-on and turn-off times of 13 ns, T, of
28 ns, V_,, at the output of 0.2V at 40-mA
load at 25°C, and operation from —55 to
125°C. CIRCLE NO. 494

Raytheon Co., Semiconductor Operation,
350 Ellis St., Mountain View, Calif. 94040.
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..ald priced accordingly!

The Amperex ZM1000 is the first dig-
ital numerical indicator tube, designed
from the ground up, to provide big econ-
omies both in initial cost and in applica-
tion. It sells at more than a dollar below
competitive types, and the price-break
grows with the volume.

We scrapped every notion about how
to make numerical indicator tubes and
developed a completely new design that
offers unsurpassed performance and re-
liability at mass-production prices.

CIRCLE NO. 88

Every ZM1000 has a built-in decimal-
point indicator. Use it if you wish—or ig-
nore it...in either case, there's no addi-
tional cost for the decimal. The ZM1000's
large numerals are clearly legible at 35
feet, yet an 8-digit readout can be in-
stalled in only 6 inches of panel.

Superior design makes the ZM1000
more economical to use,; too; its high-
temperature base is designed to plug
directly into a printed circuit board or
an inexpensive, readily available socket.

IMPORTANT FEATURES
® Dynamic life expectancy: 200,000 hrs.

® Height of numeral.............. 0.6”
B Tube diameter...u:.csssesssins 0.75"
® Height of Tube................ 1.67"

For complete data and comprehen-
sive application bulletin on indicator-
driver circuits for the ZM1000, write:
Amperex Electronic Corporation, Semi-
conductor and Microcircuits Division,
Slatersville, Rhode Island 02876.

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS



Eliminate Power Supply
Obsolescence... Simplify
Stocking Problems...Here are

Nore Ways (o
Get Wide Range
DG Power
from ERA

{710 )

" FREEAIR
2, K

ERA's

New Wide Range
SLIM-TRAN’DC Power Module
for 19” Rack Mount or
Multiple Module Assembly

New Slim.Tran Power Modules AC/DC
power supplies provide DC output
over a wide, adjustable voltage range.
Practical plug-in design permits use
of as many as 7 units in a standard
relay rack assembly or grouped in a
multiple module configuration. A
single model can serve many voltage
requirements.

STANDARD MODELS

' nu?ut‘
Voltage Current*

e 71°C Model Price
1-63 0-1amp | ST1000 $155.00
b3 [ BLamP | sTi000-2 | $195.00
1-33 0-2 amps | ST12000 $175.00

*For higher current or voltage ratings two or more
units may be connected In series or parallel.

SPECIFICATIONS
Rlpgle: Less than 800 microvolts RMS or
.005% whichever is greater

Line Regulation: Less than 0.01% or 5 MV
for full input change

Load Regulation: Less than 0.05% or
8 MV for 0-100% load change.

Transient Response: Less than 50
microseconds

Operatinlg Temperature: —20°C to +71°C
free air, full ratings

Temperature Coefficient: Less than 0.01%
or 3 MV per degree C

Write for Catalog # 149

ELECTRONIC RESEARCH
ASSOCIATES, INC.

67 Sand Park Road, Cedar Grove, N. J. 07009
Dept. EDN-10 (201) 239-3000

SUBSIDIARIES: ERA Electric Co. m ERA Acoustics Corp.
m ERA Dynamics Corp. m ERA Pacific, Inc.

CIRCLE NO. 89
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Voltmeter/Log Converter converts two
channels of either ac or dc inputs to their
corresponding dc logarithms and provides
a true rms meter display for each channel
calibrated in volts and dB. The Model
SC112-1 is intended for direct X-Y plotting
of test data from magnetic tape, or in real
time, and for log-log response plotting.
The amplitude-to-log dc portion of the
instrument has 80-dB dynamic range and
+0.5-dB accuracy. Spectral Dynamics
Corp., Box 670, San Diego, Calif. 92112.

CIRCLE NO. 495

*
GURRENT

L VOLTAGE

0
VOLTAGE

CURRENT

Low-Range Resistance Reference Standard,
Model PRO-106L, includes five Julie-
Type NB-1 resistors with values of*0.001,
0.01, 0.1, 1 and 101 packaged in a con-
stant-temperature oven. Standard ac-
curacies are =0.0008 percent and stability
varies from 5 ppm to 1 ppm/year, depend-
ing upon the resistance value. Oven
temperature stays constant within 0.03°C,
which never allows a deviation in stan-
dard resistance of greater than 0.1 ppm for
temperature effects between 0 and 28°C
oven ambient. Julie Research Labs., Inc.,
211 W. 61st St., New York, N.Y. 10023.

CIRCLE NO. 496

Temperature-Safety Shut-Down Control
gives adjustable high-temperature fail-
safe capability to all chambers intended
for high-temperature operation. The Model
ETL-C can be programmed to shut down
or assume control of the chamber in the
event of primary control failure. Control
range is from —125 to 450°F and failure
is signaled either by audible or visual
alarms. Unit price for the ETL-C is $395.
Associated Testing Labs., Inc., 200 Rte. 46,
Wayne, N. J. 07470. CIRCLE NO. 497

Thermal Stabilizer, the “ThermoSpot”,
uses thermoelectric cold and hot probes
to allow stabilizing of small components
and samples at temperatures between
—55 and 180°C with *0.5°C stability.
Cooling capacity is approximately 2W
at —55°C. Consisting of a controller-heat
exchanger and two probes, the multistage
system uses thermoelectric modules and
is self-contained. Probes can be mounted
anywhere within 5 ft of the controller and
can accommodate exchangeable electri-
cally “floating” tips, platforms and minia-
ture enclosures. EG&G, Inc., Electronic
Products Div., 160 Brookline Ave., Boston,
Mass. 02215. CIRCLE NO. 498

. -
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Equipment

Fifty-MHz Counter-Timer, Model 110A, has
a full range of functions and BCD output.
Applications of this fully programmable
instrument include measurement of fre-
quency, period, period average, time
interval and totalization. Monsanto Elec-
tronics Technical Center, 620 Passaic
Ave., West Caldwell, N.J. 07006.
CIRCLE NO. 499

FM Discriminator Calibrator, Model 838A,
provides rapid and accurate calibration of
telemetry FM subcarrier discriminators.
Internally generated are all 21 of the 7-1/2-
percent narrowband and all eight of the
15-percent wideband proportional IRIG
FM subcarrier channels as well as four

selectable tape-speed reference fre-
quencies. A single crystal-controlled fre-
quency is used as a reference for all
frequency outputs. Digital multiplying
and dividing techniques allow output
frequencies within 0.001 percent of in-
tended values. Monitor Systems, Inc., 401
Commerce Dr., Ft. Washington, Pa. 19034.

CIRCLE NO. 500

NEW —High Performance Infrared Diode

Monsanto’s NEW 1.5 milliwatt infrared emitter is avail-
able from stock for industrial applications and at a price
that makes it practical for immediate use.
Compare these specs with available products for opti-
cal shaft encoders, photo choppers, card readers or
any application you are now considering.

The Monsanto model MI 20C1

Total radiated power (I = 100 mA)
Forward voltage (I = 100 mA)
Forward current continuous

Power dissipation

Reverse current @ V=3V
Peak emission wavelength

TYP

1.5mW

1.3 volts

150 (max.) mA
200 (max.) mW
.030 wA

9000 A

Write today for more information and prices.

Monsanto

ELECTRONIC SPECIAL PRODUCTS
800 N. Lindbergh Blvd., St. Louis, Missouri 63166 / (314) 694-4639 or 2009

SEMICONDUCTOR

Emitters / Detectors / Lasers / Photo Couplers / Displays

MV10A1 MA10A2 MI20B1
Visible Emitter Visible Array Infrared Emitter
ML30C1 MV10B1
Laser Visible Emitter

CIRCLE NO. 90
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MEDIUM & HIGH POWER
SP SERIES SILICON

Deltron LAB
SUPPLIES

36 MODELS ... TO 100 VOLTS
TO 50 AMPS . . . 1200 WATTS

how is it done?

Deltron has substituted design
sophistication for brute force
methods . . . has cut number of
components . . . resulting in low-
est cost on the market today for
lab supplies of this quality. Fea-
tures include:

B Automatic cross-over — gives
both voltage and current regu-
lation.

® 0.019, regulation.
® 500 microvolts ripple.
® 71°C convection cooled.

Request technical bulletin for all
the facts.

See our complete catalog
in eem . . . Section 4000

D 102

WISSAHICKON AVE., NORTH WALES, PA. 19454
PHONE: (215) 699-9261 TWX: (510) 661-8061
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. performed simultaneously.

Equipment

DC Voltage Standard/Voltmeter is a dif-
ferential or direct-reading dc voltmeter
plus a precision dc voltage standard.
Potentiometric measurements can be
made to 0.001-percent accuracy. Output
current capability as a dc standard is 50
mA. Features of the Model 365 include a
polarity-reversal control, a no-parallax
meter, overcurrent and overvoltage protec-
tion and self-checking of linearity. Cohu
Electronics, Inc., Box 623, San Diego,
Calif. 92112. CIRCLE NO. 501

Automatic Testers for IC’s, Models 720
and 721, are fully automatic, easily pro-
grammed with a single plug-in circuit
card and require no operator skills. Digital
integrated circuits with up to 16 leads in
any standard configuration can be tested.
Readout consists of go/no-go lamps and a
three-decimal digit volt/current readout
for any failed parameter. Testing rate can
be in excess of 5000 devices an hour and
both dc and functional measurements are
Models are
identical except that Model 721 includes a
three-decimal digit volt/current meter.
Microdyne Instruments, Inc., Waltham
Engrg. Center, 225 Crescent St., Wal-
tham, Mass. 02154. CIRCLE NO. 502

Resolver/Synchro Bridge and Resolver/
Synchro Simulator, Models 540/20 and
530/20, respectively, are wideband units
that operate from 50 Hz to 10 kHz and that
feature 0.001° resolution. Uses for the
bridges and simulators include not only
evaluation of resolver and synchro sub-
systems and components, but also the test
and calibration of complete control sys-
tems. North Atlantic Industries, Inc.,
Terminal Dr., Plainview, N.Y. 11803.

CIRCLE NO. 504

-

-

Data-Display System, Model 720, lets users
add, edit, delete and update computerized
data while viewing it on a TV-like screen.
The system can be located remotely from
the computer and sends and receives data
at high speeds over telephone lines. There
are two edit modes. In one, line operators
are held to specified areas of the screen,
preventing accidental destruction of basic
formats and computer-generated forms.
In the second, supervisory personnel can
modify or generate the formats them-
selves. A unique display logic compresses
all messages into the most compact form
before communication with the computer.
Sanders Assoc., Inc., 95 Canal St., Nashua,
N. H. 03060. CIRCLE NO. 503

EDN October 1968



MOLY-PERMALLOY
POWDER CORES

16 standard sizes with
ID's from .110"” to 1.40",
and OD's from .250" to
2.25". Guaranteed
+8% inductance limits
on toroids with per-
meabilities of 14, 26,
60, 125, 160, 200, 300,
and 550. Available eith-
er stabilized or unstabil-
ized with temperature.

TAPE WOUND CORES
Made from nickel,
silicon, or cobalt irons.
We supply all AIEE
standards plus special
sizes in thicknesses
from !4 through 14
mils. All sizes boxed in
phenolic or plastic,
aluminum or GVB-
coated aluminum boxes.

BOBBIN CORES

Made from Permalloy
80 and Orthonol” strip
.000125" to .001" thick
and .023" to .250" wide.
Diameters range to
less than .050", with
flux capacities as low
as several maxwells.

MAGNETIC
LAMINATIONS

FERRITES
Guaranteed linear
temperature coef-
ficients on 750, 1400
and 2000 perm mate-
rials. Flat temperature
coefficient on 2300
perm material also
guaranteed. A total of
175 part numbers to
choose from.

PHOTOFAB® PARTS
Precision flat com-
ponents chemically
milled from almost any
magnetic or specialty
alloy. Thickness
tolerances range from
+5% to +=109%, de-
pending on thickness
and type of material.

Nickel-iron materials
in thicknesses of
.004", .006” and .014".
38 standard shapes in
sizes from DU-87 and
El-12 down to EI-093,
EE-30-31 and F-094.

Magnetics Inc. gives you total quality control and
single-source responsibility on every component

At Magnetics Inc., we're particular
about what the finished component
does for you. So particular that we
maintain up-tight control right from
the start. On ferrites and powder
cores, we begin with the exact blend-
ing of powders. Our metal strip prod-
ucts also evolve from closely con-
trolled custom blending and composi-
tion. Thisemphasis on precision, from
start to finish, results in product uni-
formity—you get optimum character-
istics and full-measure performance
every time. That's what we mean by
single-source responsibility. For ad-
ditional information on any of our
products, mail coupon today.

Magnetics Inc.
Dept. EDN-103, Butler, Pa. 16001

Please send me additional information on:

[0 Tape Wound Cores [] Bobbin Cores [] Moly-
Permalloy Powder Cores [] Ferrite Cores [] Magnetic
Laminations [J Photofab Parts [] Specialty Metals
N'a'me

Title
Company N

Street

City 1 B State Zip

NN
MAGNETICS inc.

- J J

Tape, Powder, Bobbin, Ferrite Cores » Laminations « Photo-etched Parts « Specialty Metals « Engineered Control Systems
CIRCLE NO. 92
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FREE

SAMPLES

NEW

MOUNTING PAD

CATALOG

168

MOUNTING PADS

for TO-18, TO-5, duals,
integrated circuits,
lead converters, lead
spreaders . .. all
are contained in
Thermalloy’s new
catalog #68-C-1.
Complete mechanical
drawings, materials
and specifications
are included.

e
Write today for
free samples,
catalog and
selector guide.
T

Thermalloy

Company
8717 DIPLOMACY ROW
DALLAS, TEXAS 75247
PHONE: 214-ME 7-3333
TWX: 910-861-4410

CIRCLE NO. 95

Digital Data Simulator programs 960 bits
of binary information at the front panel,
using 320 octal-weighted programming
pins. 960 serial bits can be clocked out at
rates to 10 MHz, and in the parallel mode
up to eighty 12-bit parallel words can be
delivered at clock rates up to 5 MHz.
When simulating computer words, up to
12 parallel outputs can be generated
with a single instrument. Moxon Electron-
ics Corp., 2309 Pontius Ave., Los Angeles,
Calif. 90064. CIRCLE NO. 505

Low-Cost Computer, Model PDP-8/L, has.
basic core memory of 4K words expandable
to 8K. Cycle time is 1.6 us and the price of
$8500 is low for a full-scale, 12-bit com-
puter. Digital Equipment Corp., 146
Main St., Maynard, Mass. 01754.
CIRCLE NO. 506

ILS Test Set, Model SC-218, simulates
localizer, glide-slope and marker-beacon
signals for a variety of aircraft positions
during the approach pattern to a runway.
Tests performed with the set include
deviation, balance, sensitivity, linearity
and flag outputs. Output frequencies are
controlled within +0.005 percent. The
SC-218 is suited for both flight-line and
maintenance-shop usage, General Dynam-
ics, Electronics Div., 1400 N. Goodman St.,
Rochester, N.Y. 14601.

CIRCLE NO. 507

Statistical Counter, Model 2660, contains
an electrical measuring instrument, a
10-segment contact-making relay and 10
four-digit electromechanical counters with
reset buttons, plus related timing and
actuation circuitry. The standard model is
equipped for evaluation of line voltage
between 95 and 135V in 4V increments
and has internal reading rate of 1/s. By
external timing signals, the readings may
be as frequent as 5/s or as slow as desired.
Simpson Electric Co., 5200 W. Kinzie St.,
Chicago, I1l. 60644. CIRCLE NO. 508

Sound-Level Meter, battery-operated and
hand-held, covers the dynamic range from
—5 to +10 dB. The Model 2205 uses a
pistol-grip handle and need only be aimed
at the noise source. B & K Instruments,
Inc., 5111 W. 164th St., Cleveland, Ohio
44142, CIRCLE NO. 509

RFI/EMI Data-Acquisition System is fully
automated. The Series 7 consists of four
electronically programmable RFI/EMI
receivers, a companion programmer and a
digital readout panel. Ultimate receiver
coverage will be from 20 Hz to 10 GHz.
Receiver, Model NM-37/57, will have pro-
grammability of tuning, band switching,
detector mode and bandwidth changing.
It will cover the frequency span from 30
MHz to 1 GHz. Stoddart Electro Systems,
2045 W. Rosecrans Ave., Gardena, Calif.
90249. CIRCLE NO. 510
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Equipment

Solid-State Controllers, 540 Series, accept
thermocouple output and have control
sensitivity of =5 uV. Set point resolution
is 0.2°C. Featured are illuminated digital
display of the set point and a calibrated
deviation meter. The meter is independent
of the control circuitry and indicates if
the process is under set point (for contin-
uous indication of process condition in
relation to set point). Models are available
with single or dual outputs. Barber-
Colman Co., Industrial Instruments Div.,
1300 Rock St., Rockford, Ill. 61101.

. CIRCLE NO. 511

Pulse Generator, Model 137, has repeti-
tion rate from 10 Hz to 100 MHz with
variable rise-and-fall times from 2 ns to
2 ps. Also featured are +5V amplitude,
inverting logic and single- and double-
pulse output. E-H Research Labs., Inc.,
Box 1289, Oakland, Calif. 94604.
CIRCLE NO. 512

Data Coupler, Model 1000, contains neces-
sary timing, control and interface logic
for direct entry into a customer-specified
tape recorder, plus a power supply suffi-
cient to drive a full contingent of options.
When equipped with options, the Model
1000 links any digital tape recorder in
record or play-back mode with multi-
channel analog or digital sources, com-
puters, telephone data sets and teletype
equipment. Datatron, Inc., 1636 E.
Edinger Ave., Santa Ana, Calif. 92705.

CIRCLE NO. 513

Something new under the sun!
Bissett-Berman E-CELL"™ Integrators

E-GELL /i dt CIRGUIT
GIVES ccBaTTeRY Re-CHARGE

Problem: After using a battery irregularly over an unknown time interval, re-charge
it with precisely the amount of energy you've drained off. A straightforward solu-
tion using the Bissett-Berman E-CELL* current-time integrating circuit shown
below does the job this way: (1) In the RUN mode, the battery drain is continu-
ously sensed at the meter shunt, causing a proportional quantity of plating
material to be transferred to the E-CELL anode. (2) In the CHARGE mode, the
Charger is operating while the E-CELL anode is being de-plated. (3) When the
anode is completely de-plated, the E-CELL voltage drop triggers the SCR, auto-
matically disconnecting the Charger.

900—

nug © P CHARGE CHARGER
3

8001

NI-CD
BATTERY

200}

I
2 = Q

- I
V¥R N 3 TMe——

* The Bissett-Berman E-CELL™ is E-CELLs are designed to meet or
a unique ‘“‘liquid state'’ electrochemi- exceed the requirements of MIL-
cal timing and integrating component STD-202C for:
now being manufactured in high vol- Altitude: Method 105C
ume on fully automatic production Test Condition B
lines. E-CELLs are designed for single Solderability: Method 208A
or repetitive use in generating time Vibration: Method 204A
delays ranging from seconds to Thermal Shock: Method 107B
months, or integrating events from Test Condition A
one to infinity, and consume only Seal: Method 112
nanowatts. Patents applied for. Test Condition C
Actual size Terminal Strength: Method 211
Test Condition A

For technical information and application notes, contact:

Components Division. The Bissett-Berman Corporation, B ISSE I I
3860 Centinela Avenue, Los Angeles, California 90066; N ——
Telephone: Area Code 213, 390-3585. E E p MAN

CIRCLE NO. 96

VOLTAGE DROP ACROSS E-CELL (MILLIVOLTS)
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When
reliability
is the rule

JMC 2951

JMC 2950

JMC 2954

. . . specity hkaniond

HIGH Q, HIGH FREQUENCY
VARIABLE AIR CAPACITORS

This versatile series provides, in
miniature size, exceptionally high
Q, superior ruggedness for protec-
tion against shock and vibration,
—55° to +125°C operating temper-
ature range, protection against
fungus, salt spray and humidity . . .
plus all the other construction and
performance features that have
made Johanson capacitors the in-
dustry standard for excellence.

Specifications

Capacitance Range: 0.8 — 10.0 pF

Dielectric Withstanding Voltage:
Rating 250 VDC breakdown >500 VDC

Insulation Resistance: >10¢,
megohms @ 500 VDC

Q: >2000 @ 100 mc
Temperature Coefficient: 0 = 20 ppm/°C
Rotational Life: >800 revolutions

Write Today for Complete Catalog, Prices.

Chtansond

MANUFACTURING CORPORATION
400 Rockaway Valley Rd., Boonton, N.J. 07005, (201) 334-2676

Electronic Accuracy Through Mechanical Precision
CIRCLE NO. 97
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Tab Reader, a 51 by 12 unit that supplies
612 bits of information from a standard
80 by 12 IBM punched card, uses a contact
design that eliminates through-card con-
tacts and prevents lint and dirt from im-
pairing reliability. An electrical lockout
prevents closure of the contacts before
a card is fully inserted and properly ori-
ented, assuring accurate readings. Sea-
lectro Corp., 225 Hoyt St., Mamaroneck,
N.Y. 10543. CIRCLE NO. 514

Equipment

Digital Signal Analyzer offers a broad range
of signal-averaging capabilities. It can
operate as a “calibrated” or “weighted”
averager and has flickerless display. The
Model 5480A has both analog and digital
outputs. An X-Y recorder can be connected
directly to the analog output for per-
manent recording of stored or averaged
signals. Plug-ins now available equip the
analyzer for digital signal averaging.
With these, two signal inputs may be
processed in the same combinations pro-
vided by a conventional dual-trace os-
cilloscope. Coverage is from dc to 50
kHz with input sensitivity from 5 mV
to 20V/cm adjustable in 12 steps. Sweep
time ranges from 10 ms to 200s, calibrated
in seconds/centimeter of display. Hewlett-
Packard Co., 1501 Page Mill Rd., Palo
Alto, Calif. 94304. CIRCLE NO. 515

D/A Converter, Model HS-2810, decodes
eight-bit words at a word rate of 10 MHz to
an accuracy of 0.1 percent. The desired
minimum and maximum analog output is
adjustable by two 10-turn potentiometers.
The D/A converter automatically divides
this range into 256 levels. Range and bias
of the analog output may be controlled by
an external source having bandwidth up
to 25 MHz. This allows the instrument to
be used as a high-frequency function
generator, programmable attenuator or
modulator, as well as a D/A converter.
Computer Labs, 1109 Valley Park Dr.,
Greensboro, N.C. 27403.

CIRCLE NO. 516

CIRCLE NO. 724 ON
ENGINEERING PLACEMENT CARD #
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New technological dimensions mean growth, ex-
pansion...and outstanding career opportunities.
All of this is going on at LTV Electrosystems.

One new dimension was added last year when we
acquired our Memcor Division —tactical communi-
cations. Memcor Division produces the PRC-25
and the VRC-12 for the U.S. Army. It also does
exciting work in TACAN/DME test equipment,
development of man-portable TACAN, nuclear
instrumentation and control systems, and in
production of a host of other components and
products.

And Memcor Division is just one of four Electro-
systems operating units, which utilize 14 plants in
six states. Greenville Division, Garland Division
and Continental Electronics have impressive di-
mensions in a variety of electronic systems fields:
special purpose systems with air, sea and land ap-
plications in surveillance and reconnaissance,
command and control, tracking, digital communi-
cations systems, display systems, guidance and

control systems, specialized antennas, the world’s
most powerful RF transmitters, particle accelera-
tors, to list a few.

We keep adding new dimensions as we tackle the
most challenging mission requirements of the
military services; the most exotic needs of industry
and foreign markets in electronics systems. And
we add new dimensions of challenge and oppor-
tunity for technically qualified people.

Right now, we’re hiring specialists in artificial
intelligence, RF systems analysis, RF circuits
design, digital systems analysis, digital circuits
design, radar systems analysis, electrical systems
installations design, optics systems and aerody-
namics. If you are interested in demanding work,
career growth and broadening horizons, let us hear
from you.

Please write or call Bill Hickey, Supervisor of
Professional Placement, P.O. Box 6118, Dallas,
Texas 75222. Tel. (214) 276-7111. An equal oppor-
tunity employer.

LTV ELECTROSYSTEMS, INC.

T. L. Norton,

Vice President,
LTV Electrosystems, Inc.;
General Manager,
Memcor Division

A SUBSIDIARY OF LING-TEMCO-VOUGHT, INC.

. new
dimension:

tactical
communications

e
W e )
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JFD
UNICERAM

UNICERAM HIGH Q

JFD High Q monolithic ceramic fixed
capacitors in wafer and leaded con-
figurations offer the ultimate in ‘Q’.
A high ratio of capacitance per unit
volume results in an exceptionally
stable, smaller-sized-package than
competitive units. ‘Q" at 1 MHz for
values of 1000 pf or less is 5000
min.

Over 1000 glass encapsulated and
unencapsulated miniature models,
in 5 square case sizes, are offered
with capacitance values of 0.5 to
3000 pf. The highly reliable and
stable glass encapsulated models
meet applicable requirements of
MIL-C-11272B.

Write for catalogs UNM-H/Q-67-A
and UNM-H/K-67.

(Ilus, 1.3 X actual size)

HIGH @ AND HIGH K CERAMIC FIXED CAPACITORS

UNICERAM HIGH K

JFD High K wafer series ceramic
monolithic capacitors offer high ca-
pacitance per unit volume. Capaci-
tance range offered in this series is
10 pf to 1.5 mfd.

This High K wafer series is a
quality ‘Industrial Grade' ceramic
multi-layer construction available in
5 squares and 12 rectangular sub-
miniature and miniature metalized-
edged configurations — inherently
impervious to moisture and contam-
ination. Each unit meets or exceeds
applicable portions of MIL-C-11015C
and MIL-C-39014.

Uniceram High Q and High K
wafer capacitors are ideally suited to
hybrid integrated circuitry, as well as
discrete component designs. Their
metalized-edge construction assures
easy soldering to printed circuit
boards.

“TODAY'S COMPONENTS BUILT FOR TOMORROW'’S CHALLENGES"

o
FDJFD ELECTRONICS CO. / COMPONENTS DIVISION
J 15th Ave. at 62nd St. » Brooklyn, N.Y. 11219 / Phone 212-331-1000

Offices and subsidiaries in principal cities, world-wide.

SEE US AT THE NEC SHOW BOOTH #305 and the NEREM SHOW BOOTH #2E22
CIRCLE NO. 100
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Equipment

Multipurpose Instrument serves as “logic
assisted” potentiometer, limit tester and
comparator. Basic accuracy for dc voltages
is 0.002 percent of reading. Four models
are available: Model 804 for dc voltage
tests, Model 805 for dec volts and milli-
volts/ohms/ratio, Model 904 for ac/dc
volts and Model 905 that combines all
features of the other three models. James
G. Biddle Co., Plymouth Meeting, Pa.
19462. CIRCLE NO. 517

Light-Beam Oscillograph, Model LCR, is
low cost and provides a complete analog-
recording system with built-in signal
conditioning. Eight recording speeds from
0.2 to 80 in/s are provided by the unit’s
servo-drive system. Frequency response is
2 kHz +5 percent at full scale of +2 in
withouf" signal conditioning. Features
include 3, 8 or 14 channels; 6-in by 150-ft
thin-base chart; 12-in optical arm and
35W xenon lamp. Midwestern Instru-
ments, Inc., 6422 E. 41st St., Tulsa, Okla.
74135. CIRCLE NO. 518

Four- and Five-Digit IC Frequency Counters
measure average frequency to 20 MHz,
time interval and periods from 300 us to
0.2s. They also will total pulses over a
selected time period. Model 2724 has four
digits and Model 2725 has five. Rated
accuracy, maintained over a temperature
range of +15 to +55°C, is +0.01 percent
of reading *=1 in the least significant
position. Simpson Electric Co., 5200 W.
Kinzie St., Chicago, Ill. 60644.

CIRCLE NO. 519

CIRCLE NO. 101 »
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If you thou
Daystro

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 %s” 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,

ghtall

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.
Write 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

LINE OF
VOLTAGE REGULATORS

3 8¢ e orders of magnitude better than
Zener Diodes under transient conditions
PRICED AS LOW AS e temp. coef. less than 15 mv/°C
these new Signalite voltage e life greater than 20,000 hours

regulators feature: e stacking capability for higher
voltage regulation

VOLTAGE REGULATOR AND REFERENCE TUBES

SIGNALITE BREAKDOWN REFERENCE VOLTAGE CURRENT RANGE* OPERATING CURRENT
TYPE VOLTAGE vdc MEAS. AT FOR REGULATOR ma
max.
MIN. AS MIN. IN PARALLEL
vdc ma ma MAX.** SHUNT REG. WITH A CAPACITOR
V83R4 115 83+2 1.5 0.25 — 4.0 6.0 0.25 0.4 NOTES:
*Limits for less than two
V84R2 115 842 1.0 0.15 — 2.0 3.0 0.15 0.35 volt variation.
**Maximum continuous cur-
V91R2 125 91+2 1.0 01 — 20 3.0 0.1 0.3 rent without permanent
damage to tube.
V103R2 135 103+2 0.8 02 — 2.0 3.0 0.2 0.25 Equm%ﬁum condition
reached within 2 minutes
V110R4 170 1102 15 05 — 4.0 6.0 0.5 0.95 e ignition? .
V115R4 155 115+2 0.8 0.15 — 4.0 6.0 0.15 0.3
V116R2 150 116+2 0.6 0.12 — 2.0 3.0 0.15 0.3
V139R1.9 190 139+4 0.5 03 — 19 3.0 0.3 0.6
V143R1.9 225 143+4 0.5 03 — 19 3.0 0.3 0.6
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APPLICATION NEWS LETTER

& The Signalite News Letter fully illustrates how
h‘l‘t ‘{ voltage regulating tubes are used as reference o
men voltage sources, and in: regulated power supplies, . .
oscilloscope calibrators, photo multipliers, zener -e
diode type voltage sources, digital voltmeters, tim-
ﬁ ing circuits, over voltage protection, suppressed 0 A General
; voltmeters, frequency dividers, indicating volt- Instrument @ INCORPORATED
) meters . . . and many other applications. Copies Company
e e are availgble from your Signalite representative 1933 HECK AVENUE. NEPTUNE
> con i lite. J
¥ RECRRAEPIEROIS NEW JERSEY 07753 + (201) 775-2490

CIRCLE NO. 102
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Equipment

Log Converter has frequency range of dc
to 10 kHz and allows direct linear dB
plotting of signals with up to 50-dB varia-
tions. The Model N404 has self-contained
power supply and isolated input/output
signal path. Accuracy is +0.5 dB, input
impedance less than 600 and output
impedance 100,000Q2. MB Electronics,
781 Whalley Ave., New Haven, Conn.
06508. CIRCLE NO. 520

Probability Density Analyzer, Model 317B,
will measure manually or plot auto-
matically either probability density or
cumulative probability functions. Fre-
quency range is from dc to 1.75 MHz, and
two Model 317B’s may be used together
with a counter to perform joint probability
analysis. Quan-Tech Labs., Inc., 43 S.
Jefferson Rd., Whippany, N. J. 07981.

CIRCLE NO. 521

New High Capacity
20 Column
Printing Counter

This new series or parallel entry printing counter features
up to 20 independent decade counting elements for parallel
entry (or 24 for series entry) with both visual read out and
print out. Options include the use of number drums, alpha
drums, or date and time elements, or a combination of
these configurations; also 15 columns plus 6-digit series
entry totalizer or synchronous motor driven time and date
element. Available for 12, 24 or 48 V DC; up to 20 or 25
impulses per second; uses standard 210 mm paper. Send

for Bulletin No. 361.

LANDIS &GYR,INC.

45 West 45th Street, New York, N.Y. 10036
Tel.(212) JUdson 6-4644 « TWX:(710)581-5888

CIRCLE NO. 103
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The WORLD's best
SERIES...

just the ticket
for injection molding
thermosets!

Fiberite 4000 series com-
pounds will give your product
the competitive edge. Whether
you are looking for low cost, fast
cure, dimensional stability, wear
resistance or outstanding elec-
trical characteristics there is one
just right for your application.

Be assured ...the 4000 series
has low post mold shrinkage,
high insulation resistance and
close tolerance moldability.
Ideally formulated for high pro-
duction screw injection proces-
sing, transfer and compression
molding.

Contact your
Fiberite Materials Consultant

or write:

FIBERITE CORPORATION

501 West Third Street
Winona, Minn. 55987
CIRCLE NO. 104
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Here’s locking power
running a full 360°
around the part!

Vc.3 is the completely different
coating for threaded
fasteners that offers 360° coverage
with no milling or drilling to weaken
part strength. It makes fasteners that
can be adjusted smoothly, yet lock
and seal positively wherever they are
set. Slow, steady torque frees the grip
so the part can be adjusted and allowed
to lock again! Because of the unique
properties of VC-3, plus the extremely
versatile licensed application process,
the coating can be applied to all
standard screws, bolts and plugs, as
well as most special threaded parts.
Send for free sample screws coated
with VC-3, or send your sample parts
for free trial processing.

During closely regulated application process
VC-3 flows into and partially fills thread roots
—while the crests remain relatively uncoated!

NYLOK-DETROIT

CORPORATION
1893 BARRETT RD., TROY, MICH. 48084
313/689-4500

CIRCLE NO. 105
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Equipment

Digital Multifunction Meter, basically an
integrating voltmeter with five dc ranges,
performs up to 12 different measurements.
The Model 3450A has isolated inputs
and the basic instrument measures both
dc voltage and de-voltage ratios. Optional
plug-in modules allow measurement of
true rms to 1 MHz, resistance and resist-
ance ratios. Readout is five digit with a
sixth added for 20-percent overranging on
all ranges. Maximum sensitivity on the
lowest range is 1 wV. Hewlett-Packard
Co., 1501 Page Mill Rd., Palo Alto, Calif.
94304. CIRCLE NO. 522

Programmable Microwave Source can be
voltage or resistance controlled to provide
1- to 40-GHz output in octave or wave-
guide ranges. The Model 101 consists of
power supplies, a shaping network and a
backward-wave oscillator (BWO). Tuning
linearity is =0.5 percent between the
program input and the RF output. Fre-
quency stability is 2 ppm and line regula-
tion is 20 ppm for a =10-percent change in
line voltage. The source can be tuned over
its full frequency range in less than 1 ms.
Micro-Power, Inc., 25-14 Broadway, Long
Island City, N.Y. 11106.

CIRCLE NO. 523

Vector systems help you

EDGEPIN

CUT BREADBOARDING TIME

Choose the type that meets your needs

1. Circuit set-up kits and parts with sol-
derless transistor and tube sockets,
and new solderless T-32 U-clips.

2. Same as above but with solderable
push-in terminals.

3. Handsome new extruded aluminum
rails that make into expandable cir-
cuit cases or chassis in virtually any
size and shape. Hardware for mount-
ing in plug-in racks or chassis,

4. Pre-punched Copper Clad Plugboards

for do-it-yourself, etched circuit cards.

May we send you complete informa-
tion including sample Vectorbord and
terminals? There is no obligation.

VECTOR ELECTRONIC CO., INC.

1100 Flower Street, Glendale, Calif. 91201 - 245-8971

CIRCLE NO. 106
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. ™
nimo
10-Gun CRT Display
unretouched

Gas Discharge Tube
unretouched

The difference is clear.

Until now, tube readouts left some-
thing to be desired. The multi-plane
gas discharge display tube is a real eye-
strainer, particularly under high am-
bient light or at a wide viewing angle.

Now we have the nimo™ 10-gun
CRT display. Now, every character
or message can be displayed on the
same sharp, clear plane. No feedback
...no image ambiguity...no external
focusing ... no ambient light worries.

IEE put eight years of Research
and Development into nimo™. Thou-
sands of tests in every possible envi-
ronment achieved an uncommon clar-
ity with noticeable hardware savings.

We came up with plenty more. A
Cathode Ray Tube display controlled
by a 10-volt swing at O current which
produces a base operating brightness
of 100 FL. Unequalled viewing power,
even under direct sunlight. All images

The uncommon readout.

CIRCLE NO. 107

displayed equally near the tip of the
tube, with unmatched wide-angle
viewing.

In all, there are 12 clear advan-
tages to the new nimo™ 10-gun CRT.

Why not arrange with IEE for an
eye-opening comparison? Phone...or
drop us a line; you’ll get an immediate
response. Industrial Electronic Engi-
neers, Inc., 7720 Lemona Avenue,
Van Nuys, Calif. (213) 787-0311.
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For Avionics
and

Space Vehicle
Instrumentation

GURLEY'S

PR ECISION N LIGHTWEIGHT

LOW- Tomng @?TlCAL
SOLID STATE

MODEI. 8610

M

ENCODER

LIGHT SOURCE:
DIODE

GALLIUM ARSENIDE
fk

COMPACT: CASE—1.062"
NOM. SHAFT—.125" NOM.

PULSE COUNT§—UP TO 1024

WIDE RANGE OF STANDARD DISCS
IN STOCK

il M A §
Write or Phone for
BULLETIN 8610

Telephone (518) 272-6300

W. & L. E. GURLE}Y

550 FULTON STREET, TROY, N.Y. 12181

CIRCLE NO. 108
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Equipment

Logic Breadboarding System, Model 401B,
consists of a 32- by 18-in logic board, a set
of 60 “Logicubes” and 150 patchcords.
Twenty-five types of cubes are available.
These use TTL IC’s throughout and have a
replaceable indicator lamp for each out-
put. Adtech, Inc., Box 10415, Honolulu,

Hawaii.

Operational-Amplifier Tester can handle
types ranging from FET-input to in-
tegrated circuit, hybrid and discrete-
component types. The Model 131 uses in-
terfacing modules to provide socket and
electrical accommodation for most types
currently available. Burns & Towne, Inc.,
18-36 Granite St., Haverhill, Mass. 01830.

CIRCLE NO. 524

CIRCLE NO. 525

THE
HOTLINE

(Norton Industrial Heating Products)

Silicon Carbide Heating Elements: straight or spiral;
single or double connections; self-muffling.
(Catalogs 146, 2128, 1444)
Cores, Tubes, Muffles; embedding cements.
(Catalog 880)
Thermocouple Insulators for temperature measurement.
(Bulletin E-1.3-1)
Lab Ware for melting, incinerating, filtering or extracting.
(Catalog 793)
We'll even help you build your own lab furnace.
(Catalog 458)
Any questions? Send for literature listed.
Norton Company, Worcester, Massachusetts 01606.

M[fﬂlé’fﬂﬂ/ﬁ‘ JVISION

CIRCLE NO. 108
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We're completely serviceable.

® QOur ‘Hot Line’, for example. A direct tie between our Clark Lab and any customer who needs
technical service assistance. Fast. And it's helped us provide successful solutions to over
17,000 hot little problems—before they became big ones.
" We make house calls, too. About 700 of them a year. Also fast. You'll find a Celanese Plastic
Professional in your plant within 48 hours. No matter where you call from.
® And our Technical Specialists are backed by some pretty sophisticated diagnostic equipment. From full scale
production equipment in all sizes to a battery of specialized testing instruments to pinpoint property values.
® But the most important service we offer is a line of resins that prevent most problems in the first

place. CELCON acetal copolymer. CELANESE NYLON. FORTICEL

cellulose propionate. FORTIFLEX high density polyethylenes.

® Try our complete service. Resin selection through product

and mold design to trial runs and full production. And write

for our new 42-page Bulletin G1C, “Standard Tests on Plastics.”
Celanese Plastics Company, Dept. 00000, Box 629, Linden, N.J. 07036. CELANESE

Celanese® Celcon® Forticel® Fortiflex® PLASTICS COMPANY

Celanese Plastics Company is a division of Celanese Corporation.
Canadian Affiliate: Canadian Chemical Company, a division of Chemcell, Limited. Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 522 Fifth Ave., New York 10036.




No lost counts
from power failure

Manual reset, automatic reset
or remote reset

The Digi-Flex *
preset counter:
only $125.00

The versatile, economical Digi-Flex”
counter is a predetermining control
designed to solve application prob-
lems involving high-speed data proc-
essing systems, electronic controls,
machine tools and similar equipment.
Unlike competitors, the Series 7102
clearly displays both preset number
and count total. It operates at speeds
up to 2400 cpm, ideal for replacement
of timers to control machine cycles
precisely. The rugged panel face and
steel enclosure make it well suited to
most industrial environments.

180

Fast, pushbutton preset

The Digi-Flex is available at the low
price of $125.00. Or, if you want to

Series
1993

Series
1969

Series
1994

construct your own units, we've got
the components to do it. For example,

CIRCLE NO. 94

these new iow priced models: The
Series 1969 Veeder Decade* has two
basic readout models — decimal or
BCD; the Series 1994 Veeder Decade
switch also has two models — deci-
mal output or BCD output. And the
Series 1993 predetermining Veeder
Decade has predetermining switch
output and optional decimal readout.
For information about our complete
line of counters, switches, predeter-
mining modules, control packages
and totalizers, write for Design Kit:
Veeder-Root, Hartford, Conn. 06102.
*Trademark of Veeder-Root




Multiple modes of output

e

Compact. Uses minimum
panel space.

Digital display of preset number
and count total

' 3.875 |

4.250

1

\/

Veeder-Root World-Wide: Australia: So. Melbourne, Victoria
Brazil: Sao Paulo « USA: Hartford, Connecticut
England: New Addington, Surrey « Scotland: Dundee
West Germany: Neuhausen Filder « Canada: Toronto

VEEDER=RGOOT

INNOVATORS IN NUMERICS

Equipment

Optical Telemeter, Model DOT-100, gives
complete electrical isolation between
data-acquisition instrumentation and
data-processing, storage or display facili-
ties. Modulation bandwidth is from dc to
100 kHz, linearity is 0.2 percent, output
SNR is 50 dB and the system rejects radio-
frequency interference. Dacom, Inc.,
3946 Fabian Way, Palo Alto, Calif.
94303. CIRCLE NO. 526

Ovenless Zener Voltage Reference has
output stability of 10 ppm/month and
warms up to within 1 ppm of final value
in less than 15 min from initial turn-on.
Ovwerall temperature coefficient is less
than 0.3 ppm/°C from 20 to 30°C. Opera-
tion is either from line or batteries. Julie
Research Labs., Inc., 211 W. 61st St., New
York, N.Y. 10023. CIRCLE NO. 527

DC Microvoltmeter/Nanoammeter has 500-
MQ input impedance and offers greater
than 160-dB common-mode rejection and
recovery time for a 10° overload is 3s.
Nine voltage ranges from 15 uV to 1500V
full-scale plus current ranges from 15 pA
to 10 mA full-scale allow measurements to
an accuracy of +0.2 percent. General
Radio Co., West Concord, Mass. 01781.

CIRCLE NO. 528

Universal Counter-Timer is a seven-digit
instrument with two input channels. The
Model 300 offers ac-dc coupling, memory,
reset, short or long adjustable display
time, self-test and =+ slope triggering. Both
inputs measure from 0 to 20 MHz with
10-mV rms sensitivity for sine waves.
Time Systems Corp., 2239 E. Middlefield
Rd., Mountain View, Calif. 94040.
CIRCLE NO. 529

Transient Recorder continuously monitors
electrical data and automatically captures
1s of fault data, with the ratio of prefault
to postfault display adjustable within the
1s period. Up to 32 channels of data can be
monitored simultaneously. Clevite Corp.,
Brush Instrument Div., 37th and Perkins,
Cleveland, Ohio 44114.

CIRCLE NO. 530

RECORD/PLAYBACK HEAD

2
—
e Faveack mTe
‘ FM DISCRIMINATOR
o 'RECORD
N VCO and
HEAD DRER
>

PRE/POST
FAULT
RATIO CONTROL

DETECTOR &

Phase-to-DC Converter, Model 222, gen-
erates a precise dc voltage proportional
to the phase difference between the two
input signals. No adjustment is required
for amplitude or frequency over the fre-
quency range from 20 Hz to 500 kHz.
Accuracy is +0.1° below 20 kHz and sensi-
tivity is 10 mV/deg. Dytronics Co., Inc.,
4800 Evanswood Dr., Columbus, Ohio
43224, CIRCLE NO. 531
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Equipment

Low-Cost Regulated Power Supply, Model
- IP-18, delivers 1-15V dc at from 10 to 500
e s .i mA. This all-silicon transistor supply has

. . Qﬂ current limiting, 40-mV full-load to no-

load regulation, 0.1-mV maximum of
OISPIRSION B¢

ripple and noise and transient response
time of 25 us. Price of the IP-18 kit is
$19.95. Heath Co., Benton Harbor, Mich.
49022, CIRCLE NO. 534

RE NPUT PANORAMIC RECEIVER
i\ PLUG-IN UNIT
MODEL PNIOC  jowz OUT
s

e 9

i

TRO DATA
s

HEATHKIT BRGULATED
POw
voiTace €A SuUPBLY

Panoramic Receiver Plug-In Module is i Direct-Writing Recorder offers true thermal
YIG-tuned over the 120- to 1200-MHz i : rectilinear recording with dc to 175-Hz
range. The Model PN1010 is available for . frequency response. Type RD-III is a
plug-in use with Tektronix 560 Series or medium-sensitivity eight-channel unit
Tektronix Letter Series scopes. Use of suitable for accurate long-term unattended
the YIG bandpass filter tuning eliminates recording. Beckman Instruments, Inc.,
images and spurious responses. Electro/ Electronic Instruments Div., 2500 Harbor

Data, Inc., 3121 Benton St., Garland, Tex. Blvd., Fullerton, Calif. 92634.
75040. CIRCLE NO. 533 CIRCLE NO. 535

IN A
RUSH?

8T}

Our modern electronic test gear will save time instrument. Shipping — we pay one way. Insur-

and overtime. We'll ship any piece of equipment ance — available for a small charge. Warrantee
you can name THE NEXT DAY! Rent it for a week, — guaranteed to operate to original manufac-
month or longer — and forget about down time turers’ specifications. Availability — call collect,

forever. All our equipment is the latest available. 24 hours a day, 7 days a week FOR NEXT DAY
We'll even upgrade your present instruments to DELIVERY. (201) 549-85CO0.

newer models. We check and test each unit before Before an equipment emergency arises, write for our
shipping to assure performance. If desired, a latest Rentals Catalog.

CLC man will provide instruction in the use of any

Continental Leasing Go., Inc.  iruncron, massachuserrs 02175

FIRST WITH THE LATEST IN ELECTRONIC EQUIPMENT RENTALS

Offices coast to coast in Metuchen, New Jersey * Rockville, Maryland * Park Ridge, lllinois * Syracuse, New York
* Hartford, Connecticut * Inglewood, California * Palo Alto, California * Houston, Texas

CIRCLE NO. 112
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Need low cost
power supplies...

MODEL PZ-131A

*39.95.......

.5-25 volts @ 200 ma DC
Line Regulation - + 10 mv
Load Regulation - 50 mv
AC Ripple - 2 mv
Impedance - .25 ohm
® Electronic current limited

24 HOUR DELIVERY to principal metropoli-
tan areas via Air Express. Viking offers a
complete line of low cost regulated power
supplies. Write for Catalog C868.

Viking Engineering of Minn.
915 SO. McKNIGHT ROAD / ST. PAUL, MINN. 55119 / (612) 735-4278

COMPLETE LINE OF LOW COST REGULATED POWER SUPPLIES
CIRCLE NO. 116

NEW EDITION!

for
designers &
engineers

382-Page
Guidebook to
25,000

and ordering
Brakes ¢

design
Bearings *

Complete
data for:
Breadboard Components * Bush-
ings * Cams ¢ Chassis Fasteners
* Clamps * Clutches * Collars *

H Couplings * Cranks * Dials * Dif-
EIeCtromEChamCM ferentials * Ferrules * Gears ¢
Components Gear Heads * Handles * Hubs *

Knobs * Limit Stops ® Pins * Posts
Hundreds of drawings, ¢ Ratio Drives * Retaining Rings
complete specs and ¢ Screws * Shaft ¢ Shafting °
special 24-page Servo Spacers * Speed Reducers * Stand-
Design Section offs and Spacers * Washers

GET IT NOW! Write or ‘phone your copy.
SeCSinc.

19-64 38th St., Long lIsland City, N. Y. 11105 « (212) 932-4545
a subsidiary of Superior Manufacturing & Instrument Corporation

CIRCLE NO. 117

100 MILLION
OPERATIONS

RA 3010

IN THE FIELD

RA 3014

RA 3016
.

RA 3009

REED
RELAYS

RA 3003

THE RELIABILITY of Elec-Trol Reed Relays has been proven in
the field. AAl, Pacific Division, has realized more than 700
Million operations on each of 2000 Elec-Trol Relays in their Series
1000 IC Tester.

TESTING of reed capsules is completed prior to their acceptance
for production of Elec-Trol relays. Samples of each lot must pass
a 5 Million operation life test program. Our reed relays are 100%
inspected to all operational performance requirements.

ELEC-TROL’S PRODUCT LINE is made up of 80 Standard Cata-
log Reed Relays which consist of single throw, double throw, dry
and mercury wetted, 1 pole through 6 poles, magnetic and elec-
trostatic shielded, as well as 3,000 custom designs which have met
many unique customer applications—low noise, R.F. switching,
high voltage switching, low capacity, latching, special coil voltages
and mechanical configuration.

Send for our complete standard catalog.

ELEC-TROL, INC.

21018 Soledad Canyon Road
Saugus, California 91350
(805) 259-7570

eem File System| Sec.

T 4500

CIRCLE NO. 118
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Solid State Switchers

use
T-BARS’
for multiple switching.

Is your appllcatlon here?

S Op— Y

COMPUTER COMMUNICATIONS CIRCUIT
INTERFACE CROSS-POINT TESTING

SWITCHING
WHICH | ~ -
APPLICATION N
IS YOURS '
6) Reliable T-Bar® circuitry has reduced -
switcher cost, size and weight by as much , ‘e
[ -3 as 80%. !

Our field engineers can show you how so that
you can decide for yourself.

Please use the attached postage-free
reply card or write us on your letterhead
for details on your specific needs.

electronic
controls, inc.

T-Bar Switch/Relay Division
Danbury Road, Wilton, Conn. 06897
phone (203) 762/8351

®“T-Bar’’ — Reg. T.M.




- COMING YOUR WAY

2nd Annual Fall Tour of the U.S.A. August-November 1968.

On site visits to more than 100 plants of leading electronic manufacturers throughout the United States.
Featuring new products and applications assistance from:

*CMC *HUGHES AIRCRAFT CO., CONNECTING DEVICES
*FAIRCHILD INSTRUMENTATION { JANCO CORPORATION

TRIPLETT ELECTRICAL INSTRUMENT CO. *LEDEX

WANLASS ELECTRIC, OF AMERICAN BOSCH ARMA LICON SWITCH, DIV. ITW

*AMPHENOL CONNECTOR *LITTON INDUSTRIES, WINCHESTER ELECTRONICS DIV,

*BOURNS, INC., TRIMPOT DIV USECO DIV, ADVANCED CIRCUITRY DIV,
CONTROL SWITCH DIV., CONTROLS CO. OF AMERICA INTER/PAK ELECTRONICS

*GLOBE INDUSTRIES, DIV. OF TRW *ROTRON INCORPORATED




EDN CARAVAN ROUTE

October 14 — November 14, 1968

DAY / DATE / TIME

Monday, October 14
9:00 - 12 noon
1:30-4:30 p.m.

Tuesday, October 15
9:00 - 12 noon
1:30 - 4:30 p.m.

Wednesday, October 16
9:00 - 12 noon
1:30 - 4:30 p.m.

Friday, October 18
1:30-4:30 p.m.

Monday, October 21
9:00 - 12 noon
1:30- 4:30 p.m.

Tuesday, October 22
9:00 - 12 noon
1:30-4:30 p.m.

Thursday, October 24
9:00-12 noon

1:30 - 4:30 p.m.
Friday, October 25
9:00 - 12 noon
1:30 - 4:30 p.m.
Monday, October 28
9:00-12 noon
1:30 - 4:30 p.m.
Tuesday, October 29
9:00-12 noon
1:30-4:30 p.m.
Wednesday, October 30
9:00-12 noon

1:30 - 4:30 p.m.

Thursday, October 31
9:00 - 12 noon

1:30-4:30 p.m.

Friday, November 1
9:00-12 noon

1:30-4:30 p.m.
Monday, November 4
9:00 - 12 noon

1:30 - 4:30 p.m.
Tuesday, November 5

9:00 - 12 noon

1:30 - 4:30 p.m.
Wednesday, November 6

9:00 - 12 noon

1:30-4:30 p.m.
Thursday, November 7

9:00 - 12 noon

1:30 - 4:30 p.m.
Friday, November 8
9:00 - 12 noon

1:30-4:30 p.m.
Monday, November 11
9:00 - 12 noon

1:30 - 4:30 p.m.
Tuesday, November 12

9:00-12 noon

1:30- 4:30 p.m.
Wednesday, November 13

9:00 - 12 noon

1:30-4:30 p.m.
Thursday, November 14

9:00 - 12 noon

1:30-4:30 p.m.

AREA

Dallas, Texas
Dallas

Dallas
Dallas

Dallas / Ft. Worth
Dallas / Ft. Worth

Albuquerque, N.M.

Phoenix, Arizona
Phoenix

Phoenix

Phoenix

San Diego, Calif.
San Diego

San Diego
San Diego

Los Angeles
Los Angeles

Los Angeles / Orange Co.

Los Angeles / Orange Co

Los Angeles / Orange Co

Los Angeles / Orange Co.

Los Angeles

Los Angeles

Los Angeles
Los Angeles
San Francisco Bay
San Francisco Bay

San Francisco Bay
San Francisco Bay

San Francisco Bay
San Francisco Bay

San Francisco Bay
San Francisco Bay
San Francisco Bay
San Francisco Bay
Los Angeles
Los Angeles

Los Angeles
Los Angeles

Los Angeles
Los Angeles

Los Angeles
Los Angeles

SITE

LTV Electrosystems (Garland)
Geotech, Div. of Teledyne
(Garland)

LTV Aerospace
Texas Instruments

Bell Helicopter (Ft. Worth)
General Dynamics (Ft. Worth)

Sandia Corp.

Motorola Aerospace
General Electric

Sperry Flight Systems
Goodyear Aircraft (Litchfield
Park)

General Dynamics (Lindbergh
Field)
General Dynamics (Kearny Mesa)

Ryan Aeronautical
Stromberg Data Graphics

ITT Gilfillan
Teledyne Systems (Northridge)

Beckman Instrs. (Fullerton)
Hughes Aircraft (Fullerton)

Aeronutronic (Newport
Beach) ;

McDonnell Douglas (Hunting-
ton Beach)

Northrup Corp. Norair/
Nortronics (Hawthorne)

Scientific Data Systems
(El Segundo)

McDonnell Douglas
(Long Beach)
Garrett AiResearch (Torrance)

Sylvania Elec. Prods.
(Mountain View)
Ampex (Redwood City)

Applied Technology
Varian Associates (Palo Alto)

Philco-Ford Corp. (Palo Alto)
Westinghouse Elec. (Sunnyvale)

Lockheed Missiles & Space
(Sunnyvale)
Lockheed Satellite (Sunnyvale)

Fairchild Instrumentation
(Sunnyvale)
IBM Corporation (San Jose)

Litton Industries (Woodland
Hills)
Litton Industries (Van Nuys)

TRW Systems (Redondo Beach)
Hughes Aircraft (El Segundo)

McDonnell Douglas (Culver
City)
Lockheed California (Burbank)

General Dynamics (Pomona)
Aerojet General Corp. (Azusa)




AND THE

MEETS MIL-R-22097

Standard Temperature Coefficient 150 PPM /°C *
over entire resistance range of 102 to 1 Meg

Produced in the highest tradition of quality.
Wirite or call the factory, your local Bourns sales office or representative today for full details.

*foo PPM/°C AVAILABLE <(\= i‘qﬂ‘} -

i

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




110 contacts

ik

to the Inch.

We make subminiatures so
they’'re more subminiature.

Smaller. Lighter. More fully
packed. 110 contacts to the
inch, without sacrificing contact
size or spacing.

It happened like most Hughes
innovations. We couldn’t find
connectors small enough for our
space jobs—so we made some
small enough. Rugged enough.

Thatwas the birth of PolarHex,
our center jackscrew coupling
mechanism. It insures perfect
alignment, positive engaging

Socket to em!

and polarizing.

Hughes subminiatures also
feature crimp snap-in contacts
with the industry’s best reten-
tion system. The retaining clip
is anchored to the contact, not
the body—so it floats free for
easy alignment.

They're available in environ-
mental, non-environmental and
potting versions. In arrange-
ments to fit any requirement,
from 14 to 244 size 22 contacts.

If you're up tight for space,
write and say “socket to me.”

Write Hughes Aircraft Co.,
Connecting Devices, 500 Su-
perior Ave., Newport Beach,
California 92663. Phone (714)
548-0671. TWX 714-642-1353.
&® Connecting Devices, part of
Hughes Circuit Technologies.
Including: Contour™ Cable;
Semiconductors; Flip Chips/
Equipment; Frequency Control
Devices; Microelectronic Cir-
cuits; MOSFETSs.
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If it's happening in connectors,
it probably started at Hughes.



Hughes Connecting Devices
Sales Representatives

CALIFORNIA (Northern) Also Nevada
Deere Electronics, Inc.
Suite D, 20440 Town Center Lane
Cupertino, California 95014 = 408 257-3040
CALIFORNIA (Southern) Also Arizona
W.ES.T,, Inc.
3825 Birch Street
Newport Beach, California 92660 = 714 540-9040
COLORADO Also Montana, Wyoming,
Utah and Southern Idaho
Williams Associates
4971 Jackson Street
Denver, Colorado 80216 = 303 388-4391
FLORIDA Also Alabama, North Carolina,
South Carolina, Georgia, Eastern Tennessee
Spectec Engineering Representatives
Division of W. A. Brown & Associates, Inc.
222 Weber Avenue
Orlando, Florida 32803 = 305 425-5505
ILLINOIS (Northern) Also Eastern Wisconsin,
Northern Indiana and Eastern lowa
Technical Devices, Inc.
5416 North Central Avenue
Chicago, Illinois 60646 = 312 774-8252
MARYLAND Also Virginia, West Virginia, Delaware,
District of Columbia
Kraft Electronic Sales, Inc.
510 Woodbine Avenue
Towson, Maryland 21204 = 301 828-5838
MASSACHUSETTS Also New Hampshire, Maine,
Vermont, Connecticut and Rhode Island
Underwood Sales Corporation
P.O. Box 375
32 Shawsheen Plaza
Bedford, Massachusetts 01730 = 617 275-0780
MINNESOTA Also North Dakota, South Dakota,
Western Wisconsin
Fred B. Hill Company
6110 Excelsior Boulevard
Minneapolis, Minnesota 55416 = 612 929-6727
MISSOURI Also Kansas, Nebraska, Western Kentucky,
Western Tennessee, Southern Illinois and
Western lowa
Ridgewood Sales Company
1225 Tahiti Drive
St. Louis, Missouri 63126 = 314 961-0992
NEW JERSEY (Southern) Also Eastern Pennsylvania
Thomas M. Mills Company
13 B Tanner Street
Haddonfield, New Jersey 08033 = 609-429-1005
NEW MEXICO
Williams Associates
3221 Silver Avenue, S.E
Albuquerque, New Mexrco 87106 = 505 255-6085
NEW YORK (Metropolitan) Also Northern New Jersey
Robert Horne Associates
P. 0. Box 31
Pompton Lakes, New Jersey 07442 = 201 835-7400
NEW YORK (Except Metropolitan area)
C. W. Floring & H. R. Murray, Inc.
DeWitt P.O. Box 11
6585 Kinne Road
Syracuse, New York 13214 = 315 446-5555
OHIO Also Michigan, Southern Indiana,
Eastern Kentucky
Luebbe Sales Company, Inc.
2649 Erie Avenue
Cincinnati, Ohio 45208 = 513 871-4211
PENNSYLVANIA (Western)
Anderson Connector Corporation
P. G. Box 237
Wexford, Pennsylvania 15090 = 412 776-3211
TEXAS Also Oklahoma, Arkansas, Louisiana,
Mississippi
Space Electronics Corporation
P.0. Box 705
Suite 409 Irving Bank Towers
Irving, Texas 75060 = 214 631-0905
HUGHES SALES OFFICE Washington, Oregon,
Northern Idaho and Brilish Columbia
Ross Whitt, P.O. Box 4
Redmond, Washmgton 98052 206 885-5911

IDENTIFY
APPLICATION

GO TO IMPORTANT

NEXT
PROJECT APPLI%ATION

IDENTIFY
POWER
SOURCE

CALL IN
TRW/GLOBE

GET OPTIMUM
SYSTEM —
WIN
PROMOTION

motor system problem solver

NOTE A: Globe Industries does more than supply small d.c. and a.c.
motors, gearmotors, blowers and devices. Our real help to designers
of sophisticated airborne and electronic systems starts where our
catalog ends. Tell us your power source and application and let us
help optimize your entire system. We will design the correct motors
throughout, work out the interface problems, and furnish units in
required quantities. We put advanced motor technology on your team.
Ask us.

GLOBE INDUSTRIES

DIVISION OF TRW INC.
2275 Stanley Ave., Dayton, Ohio 45404, Tel: 513 222-3741

TRW

GLOBE




Now playing near you:
the Astro/348 story.

Catch the full story on MIL-C-81511 Astro/348®
at the Amphenol exhibit in the EDN Caravan.

A working model shows how Amphenol’s design
simply and effectively meets subminiature, environ-
mental requirements. And the Amphenol MIL-C-
81511 family is growing. Additional contact sizes

and insert arrangements are now on the way. A
complete display including accessories will be a
part of the EDN Caravan.

We're also showing the latest MIL-C-26500 and
-5015 connector designs. Visit the Amphenol dis-
play when the Caravan stops near you.

AMPHENOL CONNECTOR DIVISION
THE BUNKER-RAMO CORPORATION

"

Specify Amphenol electronic components . . . produced in Canada, England, France, Japan, Mexico, United States, West Germany.




Always serving you:
distributors stocking
Amphenol connectors

Orlando, Florida

Electronic Wholesalers, Inc.

345 Graham Ave., P.O. Box 20214 (32814)
(305) 841-1550

Huntsville, Alabama

Electronic Wholesalers, Inc.

2310 Bob Wallace Ave., S.W. (35805)
(205) 534-2461

Atlanta, Georgia
Specialty Distributing Co., Inc.
763 Juniper St., N.E. (30308)
(404) 873-2521

Miami, Florida

Electronic Wholesalers, Inc.
9390 N.W. 27th Ave. (33147)
(305 696-1620

Dallas, Texas

Adak Electric Company

3109 E. Randol Mill Rd., Arlington (76010)
(214) 274-5551

Contact Electronics, Inc.
2403 Farrington St. (75207)
(214) 631-9530

Texas Instrument Supply Co.
6000 Denton Dr. (75235)
(214) 357-6121

Houston, Texas
Busacker/Hamilton

1216 W. Clay St. (77019)
(713) 526-4661

Harrison Equipment Co., Inc.
1422 San Jacinto St. (77002)
(713) 2249131

Albuquerque, New Mexico
Kierulff Electronics Co., Inc.
6405 Acoma Rd., S.E. (87108)
(505 268-3901)

Phoenix, Arizona

Moltronics of Arizona

2746 W. Palm Lane (85009)
(602) 272-7951

San Diego, California
Milo of California, Inc.
2060 India St. (92101)
(714) 232-8951

Los Angeles, California
Kierulff Electronics, Inc.

2585 Commerce Way (90022)
(213) 685-5511

Moltronics
2909 E. Imperial Highway, Lynwood (90262)
(213) SP4-1120

R & C Electronics
608 Sonora Ave., Glendale (91201)
(213) 245-7121

San Francisco, California

Elmar Electronics, Inc.

2288 Charleston Rd., Mountain View (94607)
(415)961-3611

Moulton Electronics
1058 Terminal Way, San Carlos (94070)
(415) 591-8292

Seattle, Washington

Farwest Electronics Co.

12410 S. East 32nd St., Bellevue (98004)
(206) 747-1515
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We call it AccurFrame.
And it can save you more than 1¢ per contact.

Our new AccurFrame takes the fuss and bother out of wire-wrapping. Its
easy, fast and error-free. And very simple to use.

Here’s why. Our HW Series Wire-Wrap* connectors have two polarized
alignment holes in the card insertion side of the block. These fit over
accurately positioned pins on the alignment tool. There's no chance of a
connector being placed wrong-end-to.

With connectors in perfect position, our frame is placed over the assem-
bly; connectors are quickly attached with machine screws. The frame and
connectors lift off —ready for automatic wire-wrapping.

Winchester's long experience has made the whole thing so sure, simple
and fast that most users are saving 1¢ per contact over other methods.
And those pennies add up.

You'll like our Wire-Wrap connectors, too. They're available in sizes
ranging from 22 to 50 contact positions. Designed for automatic equip-
ment, high-strip force retention, bifurcated spring contacts for superior
interfacing. We integral-mold them in diallyl phthalate SDG-F. Contacts
are easily removed. Retained by a 90° twist.

Get all the profitable facts about the Great Frame-Up from your District
Sales Office. Or from Winchester Electronics, Main Street & Hillside
Avenue, Oakville, Connecticut 06779. *Trademark-Gardner Denver Company

WINCHESTER ELECTRONICS
LITTON INDUSTRIES




When you’ve got a load to move,

ROTARY SOLENOID

VALVE POS|TION ING

PUSH/ PULL SOLENOID

PRESSURE
REGULATION

STEPPING

GENEVA DRIVES

or circuits to switch. ..

SINGLE RIPPLE
FIRE FIRE

+ —I195ms|
e TINVERE,

SOLENOID|
==

INTERVAI_OMETER. (TIMED SWITCHING)

F. Yool ._)l.—m-
| —T
COMPLEX MULT-POLE ~ —T—w
REMOTE PROGRAM  TRANSFER e
£ Loalic SWITCHING — —t—~
SWITCHING WITH ONE COMPACT SWITCH

Ledex has the people and the products

to make it happen.

Ledex Rotary Solenoids give you fast, direct
rotary motion. There’s a family of eight
sizes with torque all the way up to 117
pound inches. For linear loads, our Push/
Pull Solenoids respond in less than 10 ms.
Both have a compact form factor and
there are over 350 stock models to get
your prototype off the board and into the
shop fast.

Ledex Stepping Motors position loads re-
motely in predetermined increments over
360°, cw, ccw, or both. You can add a
knob for manual positioning. Attach a
load on either or both ends. And our new-
est model gives you 160 ounce-inches run-

ning torque.

You’ll find versatile Ledex Switches
everywhere . . . in missile nose cones, lab-
oratory instruments, business machines,
even automatic bingo games. They take
up very little space to control, transfer,
program and check out complex circuits.

For a neat Packaged Control Solution to
your most complex switch problems, we’ll
deliver the answer in a small black box,
ready to plug in. Chances are, the Ledex
combination of people and products have
solved an actuating or switching problem
much like yours already. Just send us an
outline of your problem.

LEDEX DIVISION, LEDEX INC.
123 Webster Street, Dayton, Ohio 45402 Phone: 513-22}-9891

~—r =L
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Rotary Push/Pull Stepping Stepping
Solenoid Solenoid Motor

Packaged Control
Switch Solution

CMC
Engineering
Sales
Representatives

EAST

Beacon Electronic Associates
Maitland, Florida

(305) 647-3498

Ft. Lauderdale, Florida
(305) 564-4298

Atlanta, Georgia

(404) 351-3654
Jamestown, North Carolina
(919) 454-1919

Central Associates, Inc.
Plainview, Long Island, New York
(516) 433-0808

Englewood, New Jersey
(201) 568-0808

CMC Northeastern District Office
Needham Heights, Massachusetts
(617) 449-2610

Electronic Marketing Associates
Kensington, Maryland
(301) 946-0300

King of Prussia, (Philadelphia)
Pennsylvania

(215) 248-5050

NACO Electronics
Syracuse, New York

(315) 474-7481

Utica, New York

(315) 732-1801

Rochester, New York

(716) 473-4169
Poughkeepsie, New York
(914) 462-2730

MIDWEST

Chicago, lllinois

Contact Factory
Indianapolis, Indiana
Contact Factory

St. Louis, Missouri
Contact Factory

WKM Associates, Inc.
Cleveland, Ohio

(216) 885-5616

Dayton, Ohio

(513) 298-7203

Pittsburgh, Pennsylvania
(412) 892-2953

Detroit, Michigan

(313) 892-2500

WEST

Barnhill Associates, Inc.
Denver, Colorado

(303) 934-5505

Phoenix, Arizona

(602) 959-2115
Albuquerque, New Mexico
(505) 265-7766

Houston, Texas

(713) 621-0040
Richardson, Texas

(214) 231-2573

CMC Northern California District Office
Los Altos, California

(415) 948-6121

CMC Southern California District Office
Los Angeles, California
(213) 367-2161
Showalter-Judd, Inc.
Seattle, Washington

(206) 325-7911

Hillsboro, Oregon

(503) 648-6372

CANADA - EAST
Electronetic Systems Ltd.
Toronto, Ontario

(416) 636-3673

Montreal, Quebec

(514) 737-2744

Ottowa, Ontario

(514) 737-2744

CANADA - WEST
Showalter-Judd, Inc.
Seattle, Washington

(206) 324-7911



- When will someone introduce
200-MHz counter-timer?

Imagine a universal counter-timer that offers 200-MHz
direct counting instead of 100 or 125...that provides nine-
decade readout instead of eight...that offers gate times from
1 microsecond to 100 seconds instead of to only 10 seconds
... that provides time-interval resolution of 10 nanoseconds
instead of 100...that has an input sensitivity of 10 mV
instead of 100...and that can be operated completely by
remote control, including attenuator and trigger levels.

Imagine all that in a new state-of-the-art IC counter-timer.
Then decide how much more you would be willing to pay.
Brace yourself: This unique CMC Model 901 actually costs
from $250 to $1000 less than the closest competitive models,
which still fall far short of 901 performance!

But that’s not all. The CMC 901 achieves its 200-MHz
range without prescaling, heterodyning, or requiring plug-
ins. And it offers time

interval measurement as an integral

And 1t’s yours for

less than 32500!

function of the basic counter at no extra cost. Also, the
unique CMC design and the use of advanced IC’s through- |
out the main circuitry greatly enhances reliability and re-
duces heat dissipation and maintenance problems.

And here’s more. Two optional heterodyne converters are
also being introduced with the 901 —the Model 931 for a
range to 1.2 GHz, and the Model 935 for 3.2-GHz operation. |

For complete specs on this first, true, 200-MHz universal =
counter-timer — circle the reader service card.

A Division of Pacific Industries

12970 Bradl



What do

tablecloths
“and beer have

to do with

Rotron

Air Movers?

o SPIRAL DUPLEX

% BLOWER

CENTRIMAX BLOWER

Simply this :

....we've supplied Spiral high pres-
sure /vacuum air movers to a brewery
as a supplemental supply to shop air
to permit them to blow water off the
top of beer cans prior to packaging
and we've also supplied Centrimax
blowers to textile plants for use as a
vacuum source in a spinning/carding
operation.

Unusual applications yes, but
typical of the performance, reliability,
and versatility of Rotron air moving
devices. Perhaps you have an unusual
air moving requirement. Then why not
call in a Rotron applications engineer,
quite possibly we've already designed
and manufactured the fan or blower
that will satisfy your requirements. If
not, we'll go right to work in design-
ing one that can do the job for you.
Send for complete technical data, or
better yet call 914-679-2401 for im-
mediate assistance. Rotron, Inc.,
Woodstock, New York 12498.

ROTRON],




FAIRCHILD INSTRUMENTATIO!

Four-digit counter.
Significant digit display
without extra digits:
$3al0.

£5 :

Fairchild’'s 8040 counter provides a unique time
base with five gate times in the frequency mode:
1msec through 10 sec. It’s the only instrument

in its price range that allows you to display the most
significant digit for any frequency without buying
extra digits. The 8040 time base is 60Hz line
frequency with 0.1% stability. It offers 1 Megohm
input. Its range is 10Hz to 2MHz. A fifth digit is
optional. If you need a more sophisticated counter,
we also have a five-digit, 30MHz instrument. It’s
called the 8050. It costs $695. It does a lot more than
the 8040. Call for specs on both. Dial

e ey R
—— (408) 735-5201. Ask for Don Greening.

INSTRUMENTATION

nia 94086 (408) 735-5201 TWX: 910-339-9217



FOOTNOTES
TO THE
968 EDN
NEW PRODUCTS
CARAVAN

Bringing to company doorsteps the latest products and technology
from 15 companies.1.

All products displayed under operating conditions with factory
trained representatives in attendance.2.

All booth displays fully air conditioned3. for comfortable, at ease
inspection and discussions.

All Caravan visitors eligible to win a Grand Prize;4. drawing at end of
of tour.

Watch this space for exact date, time and place, when the 1968 EDN
New Products Caravan will visit your plant.5-

EDN NEW PRODUCTS CARAVAN

A Cahners Special Services Project
Cahners Publishing Company
5670 Wilshire Boulevard, Los Angeles, California 90036

1. See Caravan Roster.
2. They also write sales orders.

3. Seven tons per vehicle; we were comfortable even in Dallas
and St. Louis.

Last year’s prize was a Muntz Stereo System.

Or a plant near you.

Roster — CMC/Rutherford/Fairchild Instrumentation/Triplett Electrical Instru-
ment Co./Wanlass Electric, Subsidiary of American Bosch Arma/Amphenol
Connector/Bourns, Inc., Trimpot Division/Control Switch Division, Controls
Company of America/Globe Industries, Division of TRW/Hughes Aircraft Co.,
Connecting Devices/Janco Corporation/Ledex/Licon Switch, Division ITW/
Litton Industries: Winchester Electronics Division; USECO Division; Advanced
Circuitry Division/Rotron Incorporated
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"TEKTRONIX PRODUCT REPORT—DIGITAL INSTRUMENTS
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product report
L digital instruments

Automate Your Measurements . . .
. . . with these NEW Tektronix products.

_

Digital Oscilloscope

The Type 568/230 Digital Oscilloscope System pro-
vides digital readout of measurements that are dis-
played in analog form on the CRT. They enable the
engineer, technician or production worker to make
dynamic switching-time measurements with greater
speed, convenience and repeatability than is possible
by making measurements directly from the cathode-ray
oscilloscope display. Typical measurements include
pulse voltages, risetime, falltime, delay time, stor-
age time, pulse width and many other specific
measurements.

With the NEW programmable plug-in units and Sam-
pling Heads, all of the measurement functions of the
Type 568/230 can be externally programmed for use
in high-speed automated measurement systems. The
Type 568/230 can make more than 100 dynamic meas-
urements per second, and data output connectors pro-
vide measurement results in convenient BCD code.
Programming is easily accomplished with the use of
new Tektronix Program Units.

Type 568/230/3T6/3S6/S-1/S-1 .................. $7340

NEW Type 241

Add the NEW Type 241 Program-
mer to the Type 568/230 Digital
Oscilloscope and obtain up to 15
automatic measurements. The Type
241 will automatically sequence
through 15 programs, stopping on
out-of-limit measurements. Pro-
grams are easy to setup and
change, enabling a person having
minimum training to program the
Type 241.

TYDO 240 o s e s 5wt & wmgolll, v o & $1950

NEW Type R250

NEW Type 240

The NEW Type 240 Program Control
Unit and NEW Disc Memory pro-
gram the Type 568/230 at speeds
up to 100 measurements per second
and provide local storage of 1600
independent measurements. Sort-
ing, classifying and diagnostic test
routines are also obtained using the
Disc Memory. A Punched Tape
Reader is used with the Type 240 in
low - speed systems, providing a
maximum of 6 measurements per
second.

TYPE . R2ZA0. . irsir » v seorvie oisa o $3800
Disc Memory .:.:sssswssssvms $6600
Punched Tape Reader ........ $1250

===u NEW Tektronix Measurement Systems

The NEW Type R250 Auxiliary Pro-
gram Unit adds additional program-
ming capabilities to the Type 240
and provides programming and buf-
fering for pulse generators, power
supplies and other equipment. Sys-
tem engineering and design is re-
quired with the Type R250. The
NEW Type R116 MOD 703L and
Type R293 MOD 703M Program-
mable Pulse Generators are de-
signed specifically for use with the
Type R250 in automated systems.

TYPO R2B0: i siee s b s e« o8 $1400
6 Shift-Register Cards ........ $ 420
Type R116 MOD 703L ......... $2775
Type R293 MOD 703M ........ $1300

U.S. Sales Prices FOB Beaverton, Oregon
wSEE




Making the Measurement . . . . Tektronix Measurement Systems

Tektronix Measurement Systems use Tektronix Catalog products
and additional equipment such as programmable power supplies,
test stations, equipment racks and other equipment. Tektronix
does the systems engineering and supplies a digital measurement
system ready to do your measurement job. Your requirements to
test integrated circuits, transistors, circuit boards and subassem-
blies can be met with a Tektronix dynamic measurement system.

NEW [N

Type S-3120
Switching-Time Measurements

The Type S-3120 is designed to verify
the switching-time performance of trans-
istors, diodes and IC’s. The Type
S-3120 is intended for use where power
supply voltages and pulse parameters
do not require programming. Program
branching with the Type S-3120 permits
sorting and classifying of semi-conduc-
tors. For example, when making a rise-
time measurement, a within - limits
measurement will continue the normal
measurement sequence; an above-limit
measurement (slow risetime) can stop
the sequence to reject the component;
and a below-limit measurement (fast
risetime) can branch to a new measure-
ment sequence for reclassifying the
transistor.

TYPO S-3120 . i swes wosassons $28,000

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

Type S-3110 Pulse Testing

The Type S-3110 provides up to 15
measurement programs and eliminates
operator interpretation and error when
testing pulse generators and other pulse
sources. Programmable measurements
provide consistent GO, NO-GO readings
with the speed and repeatability re-
quired for production testing and QC.
Measure pulse period, pulse width,
risetime, falltime, pulse amplitude, over-
shoot, DC offset and many other spe-
cific pulse parameters. Sampling Heads
provide a choice of system measure-
ment capabilities. Select the measure-
ment performance you need today and
update your performance with future
Sampling Heads.

Type S-3110 ....oevvvnnn... $11,500

Type S-3130 Integrated Circuit Testing

Tektronix Type S-3130 Digital Measurement System makes 100% dynamic testing
feasible for incoming inspection of IC’s. Dynamic testing now can check the
performance of your IC’s under simulated operating conditions at a low cost per
unit tested. Measurement speeds of 100 measurements per second with local
storage of 1600 independent measurements provides the flexibility and versatility
required of a dynamic IC tester. Measurement programs change power supply
and pulse generator parameters over a wide range; extra program lines from the
Type R250 can be used to switch test point and operating and load conditions.

POSRSaing sladaksnm b aeae anlal sn e L oma det e o0 e B $41,000

U.S. Sales Prices FOB Beaverton, Oregon

Tektronix, Inc.

committed to progress in waveform measurement

-
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Join the space corps.

There's a greater-than-ever force in the field of aerospace —the

McDonnell Douglas Astronautics Company. Responsible for space and missile
programs, this new organization combines the creative talents of the engineers
and managers who made possible such successes as the famed Mercury

and Gemini spacecraft, and the Thor and Delta series of boosters.

Today, this team is at work on future programs such as Orbital Workshop,
Apollo’s S-1IVB, Dragon, advanced Deltas, planetary landers, and several
classified programs of major proportion.

We're busy in inner space, too, with FX, VFX, AWACS, EROS,
advanced F-4 Phantoms, the new DC-10, and other advanced jetliners.

We're staffing up for the future. That means outstanding career opportunities
at 39 locations nationwide for engineers experienced in such areas as:
Operations analysis  Stress ¢ Dynamics * Aerodynamics ¢ Propulsion ¢
Thermodynamics ¢ Design ¢ Programming ¢ Electronic systems (including
ASW, ECM, inertial navigation, radar, IR, lasers, and electro-optics).

Join the McDonnell Douglas space corps (either inner or outer),
and see the future. The coupon along with your current resume,
if available, will get things started.

Mail to: Mr. W. R. Wardle, Professional Employment, Box 14308, St. Louis, Mo., 63178
or: Mr.N. R.Kilgore, Professional Employment, 3000 Ocean Park Blvd., Santa Monica,
Calif. 90406

Name

Home address
City & State ZipCode_____ Phone
Education: BS MS PhD Major Field

(date) (date)

Primary experience area

Present position

Location preference: East [] Midwest [] West [1 Best Opportunity [] /

EDN-10

MCDONNELL DOUGLAS

An equal opportunity employer

CIRCLE NO. 726 ON ENGINEERING PLACEMENT CARD

¢ CIRCLE NO. 120 197



Varistors. A technical bulletin on varistors
(voltage-dependent resistors) describes
characteristics and applications for these
nonlinear resistors with large negative
voltage coefficients. The bulletin offers
complete product information, including
electrical specifications, physical specifi-
cations and characteristic curves. It also
contains a thorough treatment of varistor
applications, including typical circuit dia-
grams. The Carborundum Co., Electronics
Plant, Box 339, Niagara Falls, N.Y.
14302. CIRCLE NO. 541

U M 118 caraos
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Tape-Wound Cores. Complete technical in-
formation for the engineer concerned with
the design of components involving the
use of tape-wound cores is contained in a
“Tape Wound Core Manual and Catalog”.
Divided into three major parts, the man-
ual presents core size and material identi-
fication, and curves illustrating important
properties associated with the materials.
Also included are design formulas and
information for the application of tape-
wound cores. Included with the manual is
a concise lift-out section that provides a
quick reference to all pertinent informa-
tion for the specification and use of tape-
wound cores. Magnetic Metals Co., Hayes
Ave. at 21st St., Camden, N.J. 08101.
CIRCLE NO. 542

198

Instrumentation. This 48-page catalog sup-
plement contains information on the new
instruments introduced by Tektronix, Inc.,
at the WESCON Show. Included in the
supplement is a description of a portable
oscilloscope, a TV waveform monitor, an
engine analyzer, a swept-frequency con-
verter for spectrum analyzers, a series of
digital instrumentation and much more.
Each item is illustrated and thoroughly
described with waveforms, performance
specifications and ordering information.
Tektronix, Inc., Box 500, Beaverton, Ore.

CIRCLE NO. 543

Adjustment Potentiometers. An eight-page
brochure features the nomenclature, di-
mensions, specifications, price listings and
detailed photos of more than 50 adjust-
ment potentiometers. Types listed include
cermet, high-performance wirewound,
special-purpose and general-purpose wire-
wound, and general-purpose and special-
purpose carbon-element potentiometers.
The specifications include resistance toler-
ance, power rating, maximum tempera-
ture, adjustment turns, standard resist-
ance and humidity. Also included are
dimensions and specifications for adjust-
ment potentiometer mounting hardware.
Bourns, Inc., Electronic Components
Operations, Trimpot Products Div., 1200
Columbia Ave., Riverside, Calif. 92507.
CIRCLE NO. 544

L
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Ceramic Capacitors. This 12-page catalog
describes miniature high-stability ceramic
capacitors. Included are complete specifi-
cations, physical drawings, part numbers
and ordering information for capacitor
styles with axial or radial leads, tubular
or rectangular configurations and pre-
cision epoxy or resin-coated cases. Also
included are typical characteristic curves
and detailed test procedures used during
manufacture. U.S. Capacitor Corp., 2151
N. Lincoln St., Burbank, Calif. 91504.
CIRCLE NO. 545

Multilayer PC Boards. Entitled “A De-
signer’s Guide to Multilayer”, this booklet
is intended to assist the engineer in de-
signing multilayer printed-circuit boards
that are highly producible, reliable and
economical. The information presented
will serve both as a guide for the engineer/
designer who is relatively unfamiliar with
the requirements for multilayer PC design
and as a ready source of reference material
for those persons actively engaged in the
field. Subjects covered include multilayer
artwork, hole sizes and shapes, materials,
laminating, drilling, plating, conductor
characteristics and etching. Lockheed
Electronics Co., 6201 E. Randolph St., Los
Angeles, Calif. 90022. CIRCLE NO. 546

EDN October 1968



Literature

Resistor Modules. Data Sheet 3760 con-
tains illustrations, dimensioned drawings,
electrical specifications, mechanical speci-
fications and environmental performance
characteristics on the Series 760 dual in-
line cermet resistor module. This network
is mechanically compatible with standard
monolithic 14-lead dual in-line packages.
The networks are available with up to 13
resistors screened on both sides of the sub-
strate or a resistor network plus chip
capacitors and/or active devices. CTS of
Berne, Inc., Berne, Ind. 46711.

CIRCLE NO. 547

o NDIANA GENERAL = 2 s s

Magnetic Drives. Magnetic drives, which
make it possible to transmit torque
through a barrier without the use of a
mechanical connection, are discussed in a
technical data bulletin. Drive character-
istics, general considerations and design
requirements are given for synchronous
axial and radial, eddy-current and hyster-
esis drives. Line drawings of each type
illustrate drive configurations and proper
positioning of component parts. Engrg.
Data Form 382. Magnet Div., Indiana
General Corp., 405 Elm St., Valparaiso,
Ind. 46383. CIRCLE NO. 548

Soldering Problems. A six-page bulletin
entitled “What Can Go Wrong with
Printed-Circuit Soldering” describes 17
common soldering faults and their reme-
dies. Problems covered include such faults
as dewetting, excess solder, icicling,
webbing, white residues and blow holes.
Eleven detailed photographs illustrate
some typical defects caused by such factors
as chlorine contamination, entrapped gas
pockets and improper laminate curing.
Bulletin TR-1020. Alpha Metals, Inc., 56
Water St., Jersey City, N. J. 07374.
CIRCLE NO. 549

Whatever
your
requirement

CAN SUPPLY
THE METAL. ..

COIL IT!

STAMP IT!

exactly as you want it/

i

INCONEL

MONEL
“K” MONEL (1)

* HASTELLOY B,
INCONEL X (1) C,NAND X (2)

(1.) Reg. T. M. Int. Nickel Co.
(2.) Reg. T. M. Union Carbide & Carbon Corp.

“A” NICKEL
ELECTRONIC
GRADE (1)

CALL 203-265-1571

ULBRICH STAINLESS STEELS AND SPECIAL METALS, INC.
WALLINGFORD, CONN.

IN CHICAGO CALL 312-448-9110

CIRCLE NO. 123

#685 Meter alone:
X 25/;6” deep (plus terminals)

[P e
é l,’

? 4 b
2EMEELIARPERES

Multiple series for comparison
readings: systems operations
and read outs.

a

New! Compact
22’ PANCAKE
EDGEWISE
METER

from Hoyt

Compact, slim lines with
20-30% more viewing area

. larger numerals and
divisions, brighter red
duraluminum pointers, make
Hoyt’'s new #685 meters
easier to read. These
‘‘Pancake’ edgewise
meters are fully shielded,
and can be stacked to-
gether for multiple applica-
tions. Bezel mountings
available for 1, 2, or 3,
units. Supplied with High
torque-to-weight ratio
movement to assure same
fine response, damping,
and long trouble-free oper-
ation made famous by
Hoyt. Available in most
D.C. ranges from 100 UA
to 750 Volts DC accu-
racy = 2%

214" X 78"

HOYT ELECTRICAL INSTRUMENT WORKS, INC.
BURTON-ROGERS COMPANY / Sales Division

40 Carleton St., Cambridge, Mass. 02142
(617) 491-7400

1904

CIRCLE NO. 124
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COMPACT
POWER
PACKS

The new Compact ““M" Series
Power Packs offer you:

o Rated output voltages from 1000 to
75,000 DC

o Rated output currents of 1.5, 5, and
10 milliamperes

e Input voltages of 118, 220, 230, and
240 volts AC

e Variable output from O to rated voltage

e Input frequency range 50 to 500 CPS
output ripple 1%RMS at rated voltage

® Hermetically sealed construction

Why pay more, and settle for less...
PC’'s new compact power packs give
more quality, more versatility, more de-
pendability, plus smaller size, and best
of all, most sizes are available in stock
to meet your immediate needs.

Write for complete
information and
new catalog

today!

) INC.

2620 N. Clybourn - Chicago 14, IIl.
DI 0-3735_

CIRCLE NO. 125
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Vitramon, Incorporated

NP

Ceramic Capacitors

Ceramic Capacitors. A four-page catalog
describes a series of NPO ceramic capaci-
tors. The units listed are offered in four
styles— with axial and radial leads and in
chip form. Capacitance values range from
10 to 2700 pF. The catalog includes gen-
eral, electrical and mechanical specifica-
tions, dimensional drawings, ordering in-
formation and typical curves. Vitramon,
Inc., Box 544, Bridgeport, Conn. 06601.
CIRCLE NO. 550

Trimming Potentiometers. Miniature wire-
wound potentiometers are featured in a
four-page short-form catalog. The booklet
gives complete specifications for 3/8- and
1/4-in-sq wirewound and special-purpose
trimmers. Information includes resistance
ranges, terminals, tolerances, tempera-
ture ranges and many other details.
Techno-Components Corp., 7803 Lemona
Ave., Van Nuys, Calif. 91405

CIRCLE NO. 551

Electromechanical Components. Catalog
8-68, 100 pages, lists electromechanical
components and equipment from all major
manufacturers. It features such items as
accelerometers, counters, meters, motors,
precision potentiometers, selsyns, servo-
motors, test equipment and timers. Spe-
cial complete sections are included on
relays, pressure transducers and gyros.
Electronics Div., American Relays, 39
Lispenard St., New York, N.Y. 10013.
CIRCLE NO. 552

RELAYS |

ROTATIV
DEVICES

PRECISION
COMPONENTS

Wire, Cable and Tubing. This easy-refer-
ence guide is designed to provide basic
wire, cable and tubing specification data
in a simple-to-use format that includes
charts, diagrams and illustrations. In-
cluded is a guide to military specifications
for hookup wire requirements for MIL-W-
76-B and MIL-W-16878D, a wire-sizes and
resistance chart and a wire-stranding
chart. Alpha Wire Mfg. Co., 711 Lidger-
wood Ave., Elizabeth, N. J. 07207.
CIRCLE NO. 553

Whether you need 1,000 feet

or 1,000.000 feet. in most cases
we can ship your order

from stock

EDN October 1968



Something to
shout about!

1, 2, 3 and 4 poles!

Our four new momentary snap action
subminiature pushbutton switches with

gold contacts. They're rugged! Long-lasting!
Have simple-mounting construction!

And are immediately available with red,
black, or white molded nylon operating
caps! For more information about our
exclamations, call or write:

@K COMPONENTS, INC.
103 Morse Street, Watertown, Mass. 02172
Tel: (617) 926-0800

CIRCLE NO. 126

| et

CONTROL

Cwl

UNSURPASSED OUALITY

M
KNOBS

‘1"“

INCOMPARABLE SERVICE

Rogan offers a wide series of knobs in both compression and

injection molded plastic. Limitless variations . . . size—color—
markings to meet your requirements. Write today for our
new catalog or see us in Sweets or Thomas Micro-Catalog.

I BROTHERS, INC.
8031 N. MONTICELLO AVE. - SKOKIE, ILLINOIS 60076 (312) 6751234

CIRCLE NO. 127

SMALL COMPANY

- Ry

Performanc
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Why knock yourself out when your customer keeps
scoring your performance at zero? It makes sense at
Sage Electronics, especially when that score is an-
other Zero Defects citation, as evidenced by the ex-
amples above.

We are specialists in MINIATURE POWER RESISTOR
products. Accordingly SAGE pursues active programs
second to none in respect to:

1. Zero Defects

2. High Reliability

3. MIL spec production and test

4. High volume commercial production
Look us over, first by exploring SAGE
Catalog R-66. A phone or

letter request will promptly
bring your copy.

PLCIFICAy,
Qe 10ys
o »

% g
e o
Yeropp ns®

SAGE ELECTRONICS CORP.

Subsidiary of Gulton Industries, Inc.

BOX 3926 ROCHESTER, N. Y. 14610
Phone: (716) 586-8010
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Deep Drawn Aluminum

BOXES AND
COVERS

25,000 sizes and shapes
— off-the-shelf

Draft-free deep drawn aluminum boxes and
covers available off-the-shelf with no tooling
cost. Choose from $1,000,000 inventory of
rectangular, round, square shapes in sizes
from %" x 124” to 28" x 54%,". Satiny,
wrinkle free surface requires no preparation
for painting. Shipment made normally within
one week from nearest factory. Complete
facilities available for secondary operations
and finishing if required.

Send for NEW
40-page Catalog

WRITE: ZERO MANUFACTURING CO., P.0. BOX 509,
BURBANK, CALIFORNIA 91503
TEL.: (213) 849-5521 « TWX 910-498-2237

Zero Manufacturing Co.
BURBANK, CALIFORNIA « MONSON, MASSACHUSETTS

CIRCLE NO. 129
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Power Supplies. “Power Supplies Unlim-
ited” is the name of an illustrated catalog
that provides complete specifications in
tables for any laboratory or sophisticated
system requiring solid-state dc power-sup-
ply equipment. Page references and con-
venient charts make it easy to cross-index
the appropriate power-supply models for
specific needs. NJE Corp., 20 Boright
Ave., Kenilworth, N. J. 07033.

CIRCLE NO. 554

Zener and Reference Diodes. A selection
guide for users of zener and reference di-
odes covers zener application require-
ments from 2.4 to 200V and includes 10
device families with power ratings from
125 mW to 50W. The section on tempera-
ture-compensated reference diodes in-
cludes six families with voltage ratings
from 6.2 to 19.0V at maximum temper-
ature coefficients of 0.001 percent °C.
Transitron Electronic Corp., 168 Albion
St., Wakefield, Mass. CIRCLE NO. 555

Rectifiers. A series of silicon and selenium
rectifiers, including fast-recovery, high-
voltage, power and JAN types, are de-
scribed in a short-form product review.
The catalog covers silicon rectifiers,
bridges, plug-in tube replacements, oil
cans, 20 types of JAN rectifiers and high-
voltage selenium rectifiers. Shown are ap-
propriate forward currents, peak inverse
voltages and recovery times, plus outline
drawings and dimensions. Electronic De-
vices, Inc., 21 Gray Oaks Ave., Yonkers,
N.Y. 10710. CIRCLE NO. 556

Capacitors. Standard types and sizes of
impregnated reconstituted-mica-paper ca-
pacitors are listed in a 13-page catalog.
Included are specifications on “Mylar”-
wrap, axial-lead, epoxy-molded and cylin-
drical epoxy-tube capacitors, ranging in
size from 50 pF to 10 pF, 1000 to 30,000
Vdew. Temperature ratings range from
—65 to 125°C. Custom Electronics, Inc.,
Browne St., Oneonta, N.Y. 13820.
CIRCLE NO. 557

SOME FACTS ABOUT CUSTOM

Analog Function Modules. Descriptions and
worst-case specifications for a line of ana-
log function modules and operational am-
plifiers are offered in a 12-page product
catalog. Contents include operational am-
plifiers, power supplies, linear amplifiers,
logarithmic amplifiers, analog multipliers
and dividers, analog memory modules,
telemetry modules and nonlinear function
modules. Optical Electroni¢s, Inc., Box
11140, Tucson, Ariz. 85706.

CIRCLE NO. 558

Transistor Substitution Chart. A dual and
Darlington transistor substitution chart
has a cross-reference list intended to serve
as a guide in selecting items from the
Raytheon line to replace other types
having similar electrical characteristics.
Direct interchangeability will depend on
physical dimensions and variations in
package that may fall within EIA TO-71,
TO-77, TO-78 or TO-89 dimensions, but
are not standard among manufacturers.
Raytheon Co., Semiconductor Operation,
350 Ellis St., Mountain View, Calif.
94040. CIRCLE NO. 559
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New Arvin
1 MHz TCXO
S P off-the-shelf
7 for only
$150 each

We can manufacture and deliver in quantity
TCXO’s to these specifications:

Frequency ...1MHz

Stability ...5PP 10’ from —40°C to +75°C
Supply Voltage ... 12V =1VDC
Output...750mv =10% into 1000 ohms
Packaging ... 1.125” high x 2.00” dia.
Specs...designed to meet MIL Specs
Price ... $150 each. Less in quantity
Delivery ... immediate.

Next time you need a proven TCXO
capability, call (317) 743-9639.

! ARVIN FREQUENCY DEVICES

ELECTRONIC SYSTEMS DIV., ARVIN INDUSTRIES, INC.

el 2505 N. Salisbury, West Lafayette, Indiana 47906

CIRCLE NO. 130

NEW CEMCO GIMVI-100
Double Break Snap Switch

Good electrical
capacity: rated

10 AMPS.125/250
VAC resistive, or

10 AMPS. 28 VDC
resistive or V4 H.P.
125/250 VAC.

Shorting bar principle
makes possible switch-
ing two electrically iso-
lated circuits at same
time, also switching
from normally open to a
normally closed position
with a common terminal.

This remarkable new

GM-100 snap switch is

- hardly dime size. Yet it

features low contact re-

sistance capabilities—exceptionally good for ‘‘dry

circuit” applications. Also has low contact bounce
characteristics—2 milliseconds being a standard.

Low mass of moving contact member and high contact
pressure provide good resistance to vibration and shock.

Send for complete information including circuitry.

CeIMmMQCO COLUMBUS ELECTRIC MFG. CO.

621 N.Hamilton Rd.,Columbus,Ohio 43219

CIRCLE NO. 131

Get...

WROUGHT
PRODUCTS
by JANNEY

PDQ is a concentrated effort on the part
of all Janney personnel to provide:

Price
Delivery
Quality
Add the Janney PDQ concept to these benefits ob-

tained by forging, extrusion or high energy rate
forming:

* |ower unit costs
* as scheduled, as specified

 finest quality products

® refined, equiaxed grain structure
® vacuum integrity

® water-tight qualities

L

1009% conductivity guaranteed per IACS
standards

® maximum thermal conductivity

You'll get products that offer the reliability neces-
sary for critical applications. You'll get them faster
—and at lower prices.

The whole story is in our 24-page wrought products
catalog. Write for your free copy PDQ.

ANNEY CYLINDER COMPANY

Subsidiary of Edgewater Corporation

7401 State Road, Philadelphia, Pa, 19136
. Phone: (215) 624-6600

CIRCLE NO. 132
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FREE COPY
REJDY!

NEW 1363
NEWARK

INDUSTRIAL ELECTRONICS

CATALOG

* The one-source * Over 70,000 items—

500 major brand lines
* 700 pages
* Over $7,000,000 industrial electronic inventory

NEWARK HAS IT NOW, THE COMPLETE LINE OF

ALL
GENERALELECTRIC
COMPONENTS

and

EQUIPMENT

Integrated Circuits
Semiconductors
Photoconductive Cells
Soldering Equipment
Dry Reed Switches
Transformers
Batteries

Pilot Lamps
Silicones

Tubes

Switches

Immediate delivery from stock—factory OEM prices
—fast efficient service from 11 Newark warehouses.

buying guide

New Mam Offuce & Warehouse
ELECTRONICS
@EWARK CORPORATION

500 North Pulaski Chicago, lllinois 60624
(312) 638-4411

WAREHOUSES IN

* Minneapolis, Minn. Los Angeles Area *
(612) 331-6350 (213) 678-0441

Cincinnati, Ohio Grand Rapids, Michigan *
(513) 421-5282  (616) 452-1411

* Denver, Colorado New Orleans, Louisiana *
(303) 757-3351 (504) 834-9470

* Detroit, Michigan Dallas, Texas *
(313) 548-0250 (214) 271-2511

* New York City Houston, Texas *
(212) 255-4600 (713) 782-4800

CIRCLE NO. 133
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Type K Oil-Tight Push Buttons @

Pushbutton Switches. A 12-page brochure
describes Class 9001 Type K heavy-duty,
oiltight pushbutton switches. The publica-

tion includes details of the complete line of

Square D pushbutton and selector-switch
operators, special operators, pilot lights,
contact blocks, legend plates, accessories
and enclosures. Featured are illuminated
mushroom pushbuttons, illuminated se-
lector switches and interchangeable light
modules. Bulletin SM-353. Square D Co.,
Dept. SA, Milwaukee, Wis. 53201.
CIRCLE NO. 560

Computer-Aided Design. Entitled “Gleam/
1130 — A Production System Base for Com-
puter-Aided Design”, this publication is a
reprint of a technical paper that was pre-
sented at the Fifth Annual Design Work-
shop. Authored by W. H. Sass, staff engi-
neer, IBM Systems Development Div., the
paper describes an experimental program
for concurrent operation of several graphic
production jobs —including design and art-
work generation. Called “Graphic Layout
and Engineering Aid Method”, the pro-
gram is designed for circuit design work,
network analysis, simulation control,
printed-circuit layout, component place-
ment, flow analysis, logic drawings and
for the processing of schematic diagrams.
IBM Corp., Systems Development Div.,
Neighborhood Rd., Kingston, N.Y. 12401.

CIRCLE NO. 561

abbott

Power Transformers. A complete line of
MIL-Spec 60-Hz power transformers is
described in a six-page brochure. These
standard transformers are available in a
variety of power levels from 5 to 300W at
almost any output voltage between 5 and
5000V ac. All secondary voltages are cen-
ter topped. Complete electrical specifica-
tions, mounting details and prices are
given in the brochure. Abbott Transistor
Labs., Inc., 5200 W. Jefferson Blvd., Los
Angeles, Calif. 90016. CIRCLE NO. 562

Vidicon Camera Tubes. Bulletin TD-86-
855 provides application information and
operating characteristics for Westing-
house slow-scan vidicon-camera tubes.
Capable of storage, delayed readout or
frame times of several minutes, the tubes
operate by the mechanism of true-charge
storage, which eliminates the “sticking”
and “lagging” found in other slow-scan
vidicons. The bulletin describes vidicons
for industrial and military applications.
After giving general technical information
on sensitivity, resolution, dark current
leakage, residual signal, target voltage
and scanning, the bulletin shows response
curves and schematics for vidicons with
magnetic, electrostatic and hybrid guns.
Westinghouse Electronic Tube Div., Box
284, Elmira, N.Y. 14902.

CIRCLE NO. 563
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Solve all electronic
chemical needs
quickly and econom-
ically . ..simply
specify GC!

GC manufacturers
and stocks clean-
ers, solvents,
cements, lubri-
cants, lacquers
and varnishes
for in-plant serv-
icing and main-
tenance needs
on all office and
pro du-g -
tion equipment.
Packaged, or in
bulk, all are
available for
immediate
shipment.

Write today for the big
GC Electronic Chemical
Handbook — $1.50 value
— yours FREE when ap-
plied for on your Com-
pany letterhead. It's your
solution to all chemical
problems.

GC Electronics

400 South Wyman Street
Rockford, Iil. 61101
A Division of
6C- Hydrometals, inc.
Shipping warehouses in:
Hicksville, L.I., N.Y.
Los Angeles, California

ELECTRONICS

CIRCLE NO. 134

Going to IC's?
Or Higher IF's?

75—

Go two ways
with Monolithic Clevite
Uni-Wafer Filters

10,0007 Rl T

15,000 Different Types and sizes of
STAINLESS STEEL . FASTENERS

fo
o

Allinthis %
NEW CATALOG
FROM STAR
...for You!

One or one million. All types, all sizes. And all
with famous Star-Quality. Life-of-product corrosion
resistance. Precision tolerances and guaranteed
uniformity. Assured strength and performance.

STAR STAINLESS SCREW CO.

654 Union Boulevard, Paterson, N. J. 07512

RIGHT-OFF-THE-SHELF ®
IMMEDIATE DELIVERY

$
&\

e}
CORROSION [y Phone: (201) CLifford 6-2300
RESISTANT = Direct N. Y. Phone: (212) Wilsconsin 7-6310

Direct Phila. Phone: (215) WAInut 5-2247

CIRCLE NO. 135
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Go independent mode. Go coupled made. You can go either mode
with monolithic Clevite Uni-Wafer filters. They're smaller and more
reliable (fewer interconnections) than conventional filters.
Clevite Uni-Wafer filters are ideal for matching IC circuitry in
communications receivers operating in the VHF and UHF fre-
quency ranges as well as in telemetry, radar and aerospace systems.
They are four-pole crystal filters with a choice of center frequen-
cies ranging from 8 MHz to 75 MHz. They've been developed
using Clevite's advanced engineering techniques and Clevite's
original thin film approach to quartz filters. In this concept, arrays
of resonators are achieved on a single quartz wafer with resonator
isolation and spurious suppression controlled by the trapped
energy principle.
So if you're going to IC’s or higher IF’s, go Clevite Uni-Wafer
filters. They're available in both independent and coupled mode.
For more information and complete specification data, write:
Clevite Corporation, Piezoelectric Division, 232 Forbes Road,
Bedford, Ohio 44146.

CLEVITE

CIRCLE NO. 136
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Any electrical

contact, in any
precious metal
alloy you need.

Engelhard offers every elec-
trical contact form (rivets,
steelbacks, faced screws, discs,
laminates, slip rings, wire
forms, tapes, special shapes,
washers) in over 1,750
precious metal alloys of silver,
gold, platinum and palladium.
Contact Assemblies. (riveted,
welded, brazed, stamped,
screw machined, wire formed
or “Wilcoformed.”)

For additional information,
write to our Technical Service
Department.

ENGELHARD
2 SNt Sl e e

2655 U.S. Route #22, Union, New Jersey 07083

A DIVISION OF ENGELHARD MINERALS & CHEMICALS CORPORATION
789A

CIRCLE NO. 137
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Syntactic Foams. This brochure briefly
discusses the important features of 14
“Eccosyn” syntactic foams. Each is com-
posed of small hollow glass, ceramic or
plastic spheres in a plastic matrix. In
form, these products may be pourable
liquids, free-flowing powders or moldable
compositions with densities varying from
14 to 56 lb/cu ft. Syntactic foams have ex-
ceedingly high strength-to-weight ratios
and can be used in electronics for potting,
in aerospace for structural components
and in hydrospace for deep-water flota-
tion. A table lists the most important char-
acteristics or use for each of the materials,
together with some of the physical and
electrical characteristics of the system
after curing. Emerson & Cuming, Inc.,
Canton, Mass. 02021. CIRCLE NO. 564

Filters and Attenuators. An 80-page catalog
contains illustrations, diagrams and speci-
fications for a broad line of fixed attenua-
tors, variable attenuators terminations,
low-pass filters, high-pass filters, band-
pass filters, band reject filters, diplexers,
manual coaxial switches, remote coaxial
switches, transfer switches and other sim-
ilar devices. The catalog outlines stand-
ard models that include the specification
combinations most widely used by the
microwave industry. Catalog No. 686.
RLC Electronics, Inc., 25 Martin Pl
Port Chester, N.Y. 10573.

CIRCLE NO. 565

Frequency-Domain Measurement. A 16-
page booklet sets forth the benefits that
the design engineer can realize if he has
access to a stable, fully calibrated modern
spectrum analyzer. Measuring in the same
domain in which he is thinking, with a
single such instrument he can see signal
level, frequency response, harmonic and
intermodulation distortion, spurious con-
tent, frequency stability and spectral
purity, modulation index, gain and atten-
uation. The booklet contains 37 oscillo-
scope photographs that demonstrate how
each of these measurements is made on
oscillators, mixers, amplifiers, filters,
modulators and networks. Hewlett-Pack-
ard Co., 1501 Page Mill Rd., Palo Alto,
Calif. 94304. CIRCLE NO. 566

THE SPECTRUM ANALYZER

IFREQUENCY DOMAIN;

Marketing Reports. Called “Mainly Mar-
keting”, a monthly report to technical
managements is devoted solely to the
problems of marketing in, to and by the
electronics industry. On alternate months,
exclusive surveys report on some aspect of
current marketing practices in the indus-
try. The second cycle of alternate months
presents practical tutorial articles on some
phase of marketing pertinent to the indus-
try. An information package includes a
sample copy, an index of previous issues
and a descriptive flyer. Schoonmaker
Assoc., Box 35, Larchmont, N.Y. 10538.

CIRCLE NO. 567
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New Design Opportunities With
Laminated Plastic Tube Shapes

Why be restricted to the use of round laminated
plastic tubes? We make them in a wide variety of
inside and outside contours—square, oval, hex, rec-
tangular, and in angles and channels, even multi-
cavity tubes. Wide range of grades, diameters and
lengths. Complete fabrication facilities. Write for
further information. Synthane Corporation, 53 River

Road, Oaks, Pa. 19456—or call (215) 666-5011.

CORPORATION OAKS, PA 19456

Laminated Plastic Sheets, Rods, Tubes and Fabricated Parts
CIRCLE NO. 138

the No. | book in industrial electronics|

e FREE

* World’s » Factory e Same-
largest OEM day
selection prices shipment

FEATURING

P:B

RELAYS

Allied stocks Potter &
Brumfield Relays in depth:
General purpose, special
purpose, power, high
performance, mercury
wetted contact, reed
and telephone types.

ALLIED
ELECTRONICS

A Subsidiary of Allied Radio Corp.

Alll[” Electronics, Depli. 305
100 N. Western Avenue, Chicago, lllinajs 60680
Send free copy of 1969 Industrial Electronics Catalog to:

Name.

Company.
Address.
City. State. Zip.

CIRCLE NO. 139

Monitor operating components
to 4" away without contact.

Check the temperature of any component in seconds.

Even the hard-to-measure ones.

And without affecting operating temperatures.

Circuit Ryder Infrared Pistol Thermometer is a brand new
tool for engineers. This battery powered instrument detects
overheated components or inadequate heat sinking. Checks
for overloaded portions of circuitry. Verifies efficiency of blow-
ers or ducting.

In quality control its applications are endless. Field service
engineers will find it a basic, all-purpose tool.

How does it work? Simply draw Circuit Ryder from the hol-
ster, aim, press the trigger, and read the meter. That's all. A
built-in spotlight pinpoints exactly what you're reading. The
measurement area is only 0.1” at 1” distance.

Instruments have built-in emissivity compensation to 0.2, so
you can get accurate readings as low as 60°F from a variety
of surfaces.

It's all so easy that it makes you wonder how any circuit engi-
neer even got along without Circuit Ryder. Get full
details from Raytek, Inc., 1277 Terra Bella Avenue,
Mountain View, California 94040. Or ask for a dem- \
onstration. We’'ll arrange it through any of our 32 RAVYTEK
sales offices.

Circuit Ryder”
Infrared Thermometer

A basic tool for electronic engineers

CIRCLE NO. 140
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Opportunities for

CIRCUIT
DESIGNERS

Expanding activity on long-range
programs and advanced projects
has created many stimulating
growth-assignments for Circuit De-
signers at Hughes.

Some of our most urgent require-
ments exist in the following areas:

® Development of high-power air-
borne radar transmitters, the de-
sign of which involves the use of
the most advanced components

® Design of low-noise radar receiv-
ers using parametric amplifiers
and other advanced microwave
components

® Design of digital radar signal
processing subsystem circuits,
including range and speed track-
ers, doppler filter banks and a
variety of display circuits

® Design of high-efficiency power
supplies for airborne and space
electronic systems

® Development of telemetering and
command circuits for space ve-
hicles and communications satel-
lites

Requirements: an accredited Engi-
neering degree, a minimum of two
years of directly relatable experi-
ence and U.S. citizenship.

For immediate consideration, please
airmail your resume to:

MR. ROBERT A. MARTIN
Head of Employment
Hughes Aerospace Divisions
Dept. 51

11940 W. Jefferson Blvd.
Culver City, Calif. 90230

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

An equal opportunity employer—M & F

CIRCLE NO. 727 0
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eccoamp
ele(:tn‘«:ally
conductive
adhesives &
coatings

NG, INC.

EMERSON & cyp;

Conductive Adhesives and Coatings. A
four-page brochure describes the “Ecco-
bond” line of conductive adhesives and a
second line of conductive coatings. Listed
in tabular form are the important han-
dling features of the materials such as mix
preparation, consistency and curing con-
ditions. Also detailed are certain of the
cured properties, such as volume resistiv-
ity, maximum service temperature, bond
strength and thermal coefficient of expan-
sion. The text gives a concise description
of each product with emphasis on the type
of application each is designed for. Photo-
graphs illustrate some of the many uses of
these materials. Emerson & Cuming, Inc.,
Canton, Mass. 02021. CIRCLE NO. 568

Receivers and Comparators. A line of time
and frequency receivers and comparators
designed to perform a specific function in
utilizing any of the transmissions of the
National Bureau of Standards is described
in this catalog. Also listed are antennas,
antenna kits, antenna couplers and a
time-base calibrator. A large part of the
catalog is devoted to information pertain-
ing to the services available from WWYV,
WWVH and WWVB. Included in this
section are great circle maps of the north-
ern portion of the Western Hemisphere
and a great circle map of the world, both
centered upon Ft. Collins, Colo. Specific
Products, Box 425, Woodland Hills, Calif.
91364. CIRCLE NO. 569

Photoelectric Tape Readers. Bulletin
GEA-8492 describes a line of photoelectric
tape readers, reelers and reader/reeler
combinations. The brochure illustrates
“through-the-tape” and reflected light
readers and associated tape-handling
equipment. Products are designed for use
in digital data handling, communica-
tions, numerical control, photo-typeset-
ting, ground support and other tape-pro-
grammed systems. Specification and ap-
plication information, such as capability,
size and special features, appears on the
same page as each product illustration.
Printer-Reader Business Section, General
Electric Co., 511 N. Broad St., Philadel-
phia, Pa. 19123. CIRCLE NO. 570

Ganeral Elactic
Bholoslactric

Tape Hegders,

Reelars and Hoader/Redlers

Computer Workbook. A 200-page Com-
puter Lab Workbook contains a complete
course in digital logic. Designed for use
with the “Computer Lab” digital logic
teaching device, the workbook contains
46 experiments and more than 160 illus-
trations, tables and diagrams explaining
and illustrating the text. Material in the
workbook’s 10 chapters ranges from an in-
troduction to the binary concept through
Boolean algebra and serial adders to digi-
tal system design and techniques. Each
chapter includes a main theme experi-
ment and additional subexperiments to
supplement the basic concept of the chap-
ter. Dept. P, Digital Equipment Corp., 146
Main St., Maynard, Mass. 01754.
CIRCLE NO. 571
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Cheyenne—

on target
with Eastern’s
laser cooler

Once it gets the range from its laser guided fire
control system, the AH-56A close support helicopter
can hit anything the gunner sees in his scope —
with deadly accuracy.

Eastern’s temperature control unit keeps the laser
cool and on the job, under all flight conditions.

Today's leading military aircraft use Eastern
thermal control to safeguard vital electronics. For
laser cooling or other avionic temperature control
equipment,

send for Bulletin 1364.

gFE

EASTERN INDUSTRIES

A Division of Laboratory For Electronics, Inc.
100 Skiff Street ® Hamden, Connecticut 06514

CIRCLE NO. 142
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Steep-siope low-insertion-loss
Allison Variable Filters

* Passive HC, LC and bandpass —
no internal or external power

* 30 db/octave slope

* Less than 2 db insertion loss

Write for full specs on 5 models
1 Hz to 672 kHz

Electronic gy :9:VM1):4 "°

Instruments

6500 Tracor Lane Austin, Texas 78721 512-926-2800

—
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@ N to Grayhill

for MINIATURE
PUSH BUTTON
SWITCHES

o WIPING, SNAP ACTION
and BUTT CONTACTS.

 SPST, SPDT, DPST, DPDT.
o PUSH-PULL - LIGHTED.

e 25,000 to 1,000,000
OPERATIONS.

Excellent and Adequate

Select
Materials

Typical
Specifications
Contacts — Fine Silver ® % Amp. to 10 Amps.,
Springs — Tinned 115 VAC Resistive

MUSK.: Wire ® Contact Resistance
® Housing — Molded 10 Milliohms

Phenolic per

® |nsulation Resistance -

When Only Excellent is Adequate T¢,

MIL-M-14
® Shorting Bar & 25,000 to 900,000
Terminals

Megohms
— Fine Silver or Silver

Plated Copper Alloy it

described
in Engineering

Catalog
G-304-A

3
N

Write

/\ ° 555 Hillgrove Avenue
ig’;".ﬁé&{a{( LaGrange, lllinois 60525

Area Code 312, Phone 354-1040

who R Y

“PIONEERS IN MINIATURIZATION"

CIRCLE NO. 144
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Brush
announces

shrunken

head.

(actual size)

A record/playback/erase audio in less than
14 cu. in. . . . less than 1% 3rd harmonic distortion . . .
less than 1 milliwatt d-c power requirement!

The Shrunken Head. Another first
from Brush — pioneer in magnetic
heads design.

Ideal for battery-powered satellite,
oceanographic, military recon and
office-equipment recorders — where
highest audio quality must be achieved
with low, low power consumption.

It’s all done with d-c bias and d-c
erase in a unique Brush design. Result:
less than 1% distortion, signal-to-noise
ratio of better than —40 dB at 3%
ips and frequency response of 400 Hz
to 3 kHz at %46 ips. And all with only
1 milliwatt d-c power consumption!

Low power, low distortion, end-of-
your-thumb size make this the logical
head for portable audio recorders

for continuous operation over long
periods on transistor-battery power.
Hostile environments don’t bother it.
Available in a wide range of track
widths.

Designing something small and bat-
tery-powered for high performance?
Then send for free specs on the
shrunken Brush low-powered audio
head. Another example of Brush ca-
pability in designing heads for tomor-
row’s requirements. Clevite Corpora-
tion, Brush Instruments Division, 37th
and Perkins, Cieveland, Ohio 44114.

CLEVITE BRUSH

CIRCLE NO. 145
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FAMILY OF

Gravity-Sensing Transducers. A complete
EP family of gravity-sensing electrolytic
transducers is described in a four-page
bulletin. Along with application informa-
tion, 10 standard models are pictured and
described. Dimensional drawings, cir-
cuit diagrams and performance charts are
included on each model. Devices are ideal
for monitoring or controlling systems
requiring a gravity reference. Hamlin,
Inc., Lake and Grove Sts., Lake Mills, Wis.
53551. CIRCLE NO. 572

Heat Sinks. A complete line of natural
convection heat sinks, including 21 dif-
ferent models ranging from miniature
milliwatt transistor and diode coolers to
king-sized, high-power radial-fin heat
sinks, is described in an illustrated tech-
nical bulletin. Fin sizes and configurations
to meet a wide variety of cooling situations
are described, together with complete
dimensional information and free convec-
tion-thermal characteristics. The publica-
tion includes a section on heat-sink ap-
plication, explaining the general princi-
ples of heat transfer applied to semi-
conductor cooling. George Risk Industries,
672 15th Ave., Columbus, Neb. 68601.
CIRCLE NO. 573

Repeat-Cycle Timers. A four-page bulletin
provides complete information on a line
of basic repeat-cycle timers. Included are
operating specifications, mounting dimen-
sions and outline drawing characteristics
for timers with one to 10 switches. The
units described can be provided with open
construction, dust covered or hermetically
sealed to withstand severe environmental
requirements. The A. W. Haydon Co.,
232 N. Elm St., Waterbury, Conn. 06720.

CIRCLE NO. 574
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Gibson...
FOR ELECTRIGAL CONTACTS

Wherever you find electricity in use . . . you will find an application
for Gibson Electric contacts. They provide positive performance for
the controlling devices . . . the switches, relays, circuit breakers . . .
that regulate the flow of electrical current. Gibson contacts are reli-
able. They are designed and built to give long-life, low-maintenance
operation.

Gibson contacts are available in a wide range of sizes and forms,
in a complete selection of materials. Gibson's application engineering
staff can help you select materials having the correct electrical,
thermal and mechanical properties to exactly suit your application.
Use our help to get the most efficient, economical contact designs.

GIBSON CONTACTS CAN BE DESIGNED FOR
ANY APPLICATION ... FOR ANY INDUSTRY.

APPLICATION: Relivs - controts - contactors

it

"—\W\\\

CONTACT MATERIALS

Silver Tungsten Silver Graphite Silver Cadmium
Silver-Tungsten Carbide Silver Nickel Silver and alloys
Copper Tungsten Silver Iron Gold and alloys

Silver Molybdenum Silver-Cadmium Oxide

CONTACT FORMS

Contacts are designed to the optimum form, taking into account the
function of the contact and the manufacturing considerations in-
volved. Simple forms are standard . . . involved shapes, custom.

CONTACT ASSEMBLIES

Gibson facilities for contact assembly fabrication cover every phase

.. support manufacture, attachment, machining, heat treating and
plating . . . and comprises use of any support material. Or Gibson
will attach contacts to customer’s backing members.

WRITE FOR FREE MATERIALS CATALOG
For complete information on applications and
properties of Gibson Electrical Contact Mate-
rials, write for Catalog C-604

|

|

 [RIBSON

: E DELMONT, PENNSYLVANIA 15626

Mfd. in Canada by Gibson Electric, Unimco Div.

e - Representatives in Principal cities of the

TALON DIVISION OF TEXTRON ~ United States and Canada.

BOX 586

CIRCLE NO. 146
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This die-stamped circuit carries more
current, switches hetter, lasts longer
& costs less than etched! Here’s why...

GTI’s unique and UL approved die-stamping (embossing) process for circuit boards
gives you several mechanical advantages over etching— plus cost savings from 10% to
30% in volume applications or by design advantages.

Thicker conductors (up to 7 oz. of copper vs 2 oz. for etched) mean heavier current
carrying capability, greater thermal capacity, better heat dissipation and longer life
in switching functions.

The beveled, ‘‘ramp’’ edge is ideal for switching and commutator functions, reducing
wear and arcing potential.

And, since die-stamping is a dry process, the problems of chemical etching are
eliminated—pin holes, shorts, undercutting and chemical leaching out in service.
May we send you a sample of a die-stamped circuit board, a pencil to run across it
(to demonstrate the ‘‘smoothing’’ effect of the ramp edge), a chart comparing die-
stamped and etched circuit boards and a chart showing the stabilization of heat rise
achieved with the heavier conductors of a die-stamped circuit.

r MAIL TO: GTI Corporation, Dytronics Division, PO Box 217, 1 CROSS SECTION VIEW OF DIE-STAMPED AND

I Leesburg, Indiana 46538 ETCHED CONDUCTORS SHOWS GREATER
Please send my free Pencil Test Kit containing one piece of THICKNESS AND RAMP EDGE OF DIE-STAMPED.

I die-stamped circuitry, one pencil (unsharpened), die-stamped vs '

I etched compatison chart and a stabilization of heat rise chart. | _m__ P ——

I NAME I DIE-STAMPED ETCHED TYPE

| POSITION I y

I COMPANY I

| soomss | H CORPORATION
CITY STATE ZIP N

CIRCLE NO. 147
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These variable resistors and trimmers from
PEC are the tough guys. Tough electrically.
Tough mechanically. Actually exceed mil
specs. Designed to take it. Tested to prove it.

Insensitive to thermal shock and vibra-
tion. PEC potentiometers are hot-molded by  »
an exclusive process incorporating resistive (
element, insulator, and collector in a
rugged integral unit. .

Heavy terminals, insulated support-
ing base and a bridging contactbrush
of honed carbon resist mechanical
damage, thus assuring circuit
integrity.

PEC’s new metal ceramic trim-
mers are made from a specially devel-
oped material guaranteeing excellent
temperature coefficient characteristics and
resetability. These multi-turn trimmers offer
infinite resolution and are tough enough to
stand extended cycling without degradation.

If you're meeting tough specs with prod-
ucts destined for a tough life...call on
PEC for tough guys to help. i

From the s1

Innovators
at PEC Ltd.

AN AFFILIATE OF JAJRCO Seeer Electronic Components

MFHH}ISIHN ELECTRONIE GOWPONENTS LT0., manutecturors of variebte resistors anc trimmer potentiometers.

c Bradford, Pa. 16701 (814) 362-5536; 19 Hafis Road, Toronto, Ontario (416) 241-4491



Most of the synchros and resolvers de-
scribed in this new 32-page brochure are
standard only in the sense that they are
readily available at competitive prices.
Any of the “standard” units can be quickly
modified to suit your particular needs,
providing thousands of opportunities for
you to resolve your problems.

These components reflect the highest
order of precision in design, construction
and performance and are backed by
twenty years of Kearfott engineering and
production experience.

We don't think you'll find anyone that

offers a wider variety than

we do. To emphasize the point, our
catalog covers: Synchros, sizes 5 to 25;
resolvers, sizes 5 to 28; winding com-
pensated resolvers; resolver-amplifier
combinations; multispeed units; tran-
solvers; tandem synchros; custom-
engineered units such as geared and
gearhead synchros; rotary transformers;
goniometers; phase shifters; etc.

Order the catalog. It's loaded with
diagrams, dimensional data, electrical
characteristics and application data.
There's even a section on design basics.

CIRCLE NO. 149

Write today to: Kearfott Products Di-
vision, General Precision Systems Inc.,
Kearfott Group, 1150 McBride Ave., Little
Falls, New Jersey 07424. Dept. 3-1450.

@GENERAL
PRECISION
SVYSTEMS i

KEARFOTT PRODUCTS DIVISION

A SUBSIDIARY OF THE SINGER COMPANY




*k Events Counter

*k Frequency Meter

*k Integrating DVM

*k Time Interval Meter
* Period Meter

%k Ratio Meter

*k Voltage Integrator

all for
only

$1250
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Heath Universal Digital Instrument

Now you need only one instrument, the
Heath EU-805A to make any digital
measurement you want. The UDI will
measure all these functions: Frequency,
Period, Ratio, Time-Interval, Events
Count, Integrating DVM and Voltage In-
tegrator. Combining in one standard rack
package a DC-12.5 MHz Multi-Purpose
Counter/Timer with a 0.05% accuracy
Digital Voltmeter, the new Heath/Malm-
stadt-Enke EU-805A offers compactness
on your bench and unmatched versatility.
An original modular design based on
plug-in cards with TTL 1C’s — cards stay
in place for all 7 functions. And you can
add new cards for other functions and pro-
tect the instrument from obsolescence.

The UDI features convenient fast cycling
on slow time bases, unique summing func-
tion for continuous summation without
display reset, memory starts new count
scaling before previous count has cleared,
variable display time from 0.1 s to 30 s,
6 digit read-out plus over-range.

The two identical high-sensitivity (10 mV)
input comparators provide 1 MQ im-
pedance, complete range of trigger con-
trols (including Automatic Mode), oscil-
loscope monitoring of triggering point and

four levels of input attentuation to accept
up to 500 V. Input pulse resolution is
better than 50 ns. Time base stability is
better than 5 in 109 (short term) & 1 ppm
(long term). Time bases range from 1 us
to 10 s. Accuracy is + 1 count.

DVM section has Automatic Polarity In-
dication, 5 x 10 ohm input impedance
on separate 1 V range (10 MQ on the
others) four ranges from 1 to 1000 V,
10 uV resolution, 0.1 second to 10 second
integrating time and V-F output available
at rear panel.

The EU-805A is obviously the instrument
you need . . . and it is obviously priced
right: $1250. Less DVM order EU-805D
at $940. DVM conversion pack costs $340.

For more infor-

The UDI is part of the Heath Modular Digital
System. Many of its cards may be used in
the Heath /Malmstadt-Enke Analog Digital
Designer EU-801:

The ADD permits investigation and design
of various analog and digital circuits and
instruments, by plugging-in circuit cards
to its power, binary and timing modules.
Connections are made with ordinary wire
and component leads.

HEATH COMPANY, Dept. 580-10—|
Benton Harbor, Michigan 49022

mation send for

[0 Please Send Free EU-805 UDI Spec. Sheet
[0 Please Send Free EU-801 ADD Spec. Sheet

the NEW [0 Please Send Free New Scientific Instrumentation Catalog
HEATH
) e Name —
Scientific
Instrumentation Company — ——————
Catalog City __ State e WS e

(prices & specifications subject to change without notice) EK-260

-
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IMAGINE!

A current regulator that makes no
compromise with the voltage mode!

Kepco's new CC line, six models
from 0—200 mA to 0—2 amperes,
with load ratings of 0—100V to
0—7V, all made in a 1/6th rack plug-
in configuration.

Typical CC
Module showing £
the slide and plug-in
provisions that make it
so flexible.

Special linear IC’s control the reg-
ulator (0.01%0) and isolate the dual
metering circuit (no loading). The
ammeter and the 10-turn current
control are switched over a 10:1
range for enhanced set-and-read
resolution at the low end.

Recovery is at an amazing 2 psec
per volt (except 4 psec/V for the
2A-7V model) made possible by a
special capacitorless output filter
(no unwanted stored energy) that
yields a modest 0.02%¢ ripple and
noise figure:

MODEL VOLTS AMPS PRICE
CC 7-2M 0-7 0-2 195.00
cC 15-1.5M | 0—-15 |0-1.5 | 195.00
CC 21-1M 0-21 |0-—-1 195.00
CC 40-0.5M | 0—40 |0-0.5 | 195.00
CC 72-0.3M | 0—72 | 0-0.3 | 195.00
CC 100-0.2M | 0—100 | 0—-0.2 | 195.00

The Kepco CC current sources are
FAST, ACCURATE and SMALL.
Mount 1, 2, 3 or 6 of them in avail-
able housings.

For full story write Dept. AL-12

131-38 SANFORD AVE. * FLUSHING, N.Y. 11352
(212) 461-7000 » TWX # 710-582-2631

CIRCLE NO. 151
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Sweep Generators. A complete line of
sweep generators for testing TV tuners
and circuits in the IF, VHF and UHF
regions is described in a 28-page catalog.
Designated No. 82, the catalog contains
complete descriptions and specifications
on three basic sweep-generator series and
39 various functions that are, or may be,
included with the sweepers to enhance
their operation. Charts are included in
the catalog to simplify selection of the
proper sweep generator and functions to
obtain an optimum instrument for every
application. Telonic Instruments, 60 N.
First Ave., Beech Grove, Ind. 46107.
CIRCLE NO. 575

Power Conversion. Entitled “The Wanlass
Paraformer”, a 20-page booklet describes
the principles of operation of parametric
equipment. It provides a description of
this passive power-conversion device and
includes a description of its filtering and
regulating qualities. Also included are
illustrations of waveforms, pictorial views
and curves covering the device’s operation
and construction. Products manufactured
with parametric power-conversion tech-
niques are illustrated, and applicable
specifications are given for the devices.
Wanlass Electric Co., 1540 E. Edinger
Ave., Santa Ana, Calif. 92707.

CIRCLE NO. 576

The Metal |
Stickers invente
push-butto

welding.

Less chance of error
getting power
settings that way.
Less time.

Less trouble,

Why didn’t somebody
think of that before?

[rmmmmmm e
1
|
1
]

HUGHES WELDERS

HUGHES |

HUGHES AIRCRAFYT COMPANY

CIRCLE NO. 152
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There are lots of reasons why the CE-100 is
the best-selling memory system in the
industry. It's fast (1 microsecond).
Capacious (up to 16K words).

Compact (as small as 19” x 7" x 13"
rack-mounted). Inexpensive (some
models less than $6,000). Readily
available (delivery 30 days or less for
many models). And reliable.

But adaptability is where the CE-100
really shines. We've miniaturized and
ruggedized it in the CR-95, a system
currently in use on submarines. We've
consolidated it onto just three boards in
the CB-100 which specializes in providing
refresh memory for display systems. We've
slowed it from 1 microsecond to 1%
microseconds in the CE-150 to lower the
price for less demanding requirements.

Frankly, we're not sure there’s a limit to
what we can do with the CE-100.

So, if you have a specialized memory
problem, don’t forget to try us.

Write us a letter and we'll send you the latest
data on our ruggedized CE-100 family. Plus a raft
of other technical information. Write to: Memory
Products, Lockheed Electronics Company,

6201 Randolph St., Los Angeles, California 90022.

Or, call us at (213) 722-6810.

LOCKHEED
ELECTRONICS
COMPANY

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

WE HAVE

THE MOST
ADAPTABLE
MEMORY SYSTEM
OUTSIDE THE

. HUMAN MIND.

CIRCLE NO. 153
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Our 40 years of RF
Systems Engineering:

Your opportunity for tomorrow

Motorola was founded on RF systems engineering. In 1928 we
pioneered the first successful mobile radio broadcast receiving
systems — and for four decades have steadily added to our list
of significant technological “‘firsts.”” Our past achievements and
present programs at Motorola Government Electronics Division
include space communications, multi-sensor data transmission,
worldwide space tracking systems, side-looking radar sensor and
all-weather surveillance/mapping, perimeter security, and
oceanography systems. We are also engaged in monitoring and
control system concepts for offshore oil production applications
— and extensive highway safety programs. To qualified RF engi-
neers, our 40 years of leadership in electronic systems engineer-
ing — and our unmatched technical facilities — offer an excellent
opportunity for accelerated career fulfillment.

Specific opportunities are:

Space Communications ® Radar Systems m Tracking & Telemetry ® Fuzing
Digital Data Transmission ® Guidance & Navigation ® Radar Transponders
ECM & Elint m Coherent Transponders » Integrated Electronics ® Antennas
& Propagation m Advanced RF & Microwave Techniques ®m Ground Support
Equipment ® UHF/VHF Communications Equipment ® Display ® Digital
Multiplex ® Troposcatter = Readout m Undersea m Mechanical Design

in PHOENIX MOTOROLA

Government Electronics Division
Write: Paul Ahler, Recruitment Mgr., Dept. 66, Box 1417, Scottsdale, Arizona

AN EQUAL OPPORTUNITY EMPLOYER

/
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Electronic Components. Highlighted in
this 220-page catalog is a rapidly expand-
ing line of miniature connectors, including
sockets, patch cords, plugs and jacks.
These items are particularly useful in
the electronic and data-processing fields
where pluggability of printed-circuit
cards and other components is becoming
the standard assembly procedure. In
addition, the catalog contains major
sections on terminals, terminal boards,
insulated terminals, coil forms, coils and
similar products. Catalog No. 700. Cam-
bridge Thermionic Corp., 445 Concord
Ave., Cambridge, Mass. 02138.

CIRCLE NO. 577

ANADEX
INSTRUMENTS
INTRODUCES
A NEW

ELECTRONIC
DIGITAL
INSTRUMENT.

Electronic Counters. A wall chart measur-
ing nearly 2 by 3 ft contains complete
specifications on a line of solid-state
counters, including bidirectional counters,
variable time-base counters, preset coun-
ters, counter-timers and strain-gage dig-
itizers. More than 30 standard and special-
application counters are described. In-
cluded in the chart is an actual-sized
photograph showing the interior of a
typical counter with callouts showing the
use of TTL integrated circuits and remov-
able printed-circuit boards, as well as
other features. Anadex Instruments, Inc.,
7833 Haskell Ave., Van Nuys, Calif.
91406. CIRCLE NO. 578
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Bypass your problems

ot...how Gomponents, Inc. can help clean up
digital pulses in a small way

The problem of unpremeditated
switching noise is apt to crop up in
even the best of IC and hybrid logic
arrays, once they are plugged into the
system. When it does, the designer
has the option of redesigning the cir-
cuitry or simply filtering out the spuri-
ous noise at appropriate stages. The
second approach, although less heroic,
is often more practicable if filter com-
ponents can be found which are suffi-
ciently economical of both space and
cost.

TYPICAL IMPEDANCE VS. FREQUENCY

104 I
M 4.7mfd@20V || |
» 103 L 22mfd@35V H
i K s 22mfd@ 15V [T
2 ot N J 47mid@ 20V []
w
g NN \[";\,
2 10 FARAN
<
g ANNANN 2
= g Yo A
B A =rd
L3> et LA
1o
1 i
100 1K 10K 100K M 10M 100M

FREQUENCY - HERTZ

C.I.’s Minitan® Series, world’s smallest
electrolytic capacitors, are a natural
solution here, just as they are wher-
ever size and performance are critical.

These micro-miniature, solid-tantalum
electrolytics provide ideal physical and
electrical properties for computer by-
pass and filtering applications. They
are compatible with thick-film and
integrated circuitry in both size and
reliability, and present extremely low
impedance and excellent temperature
stability. Rated for use from —55°C

to 125°C, they are available in values
from .001 to 220 mfd., with axial or
radial leads.

Need a Two-Way Street?. ..

C.I’s Non-Polar Minitan capacitors
are available for use where ac or oc-
casional voltage reversals are present.
Unlike other non-polar solid-tanta-
lums, these little capacitors were de-
signed as non-polars from the ground
up. Result: 1) they are available in
standard, rather than off-beat capaci-
tance ratings; 2) they are V2 to V4 the
size of other units; 3) they are ex-
tremely reliable, even with frequent
voltage reversals.

When the squeeze is on . . . call Com-
ponents, Inc. If you have a space
problem, C.I. has the capacity to solve
it. We offer more subminiature case
styles and ratings than anyone else in
the business. We welcome requests
for samples, performance and relia-
bility data, and application assistance.
Standard prototypes normally shipped
within 24 hours. Write or call today
for data or samples.

MINITAN MODULAR

(Also available with axial leads)

MINITAN NON-POLAR

(Also available with axial leads)

£ Ul |NF
= F
~[ees] M
NM
" e L
—Jeee] || |NL
0047 MFD @ 35 VDC to 220 MFD @ 3 VDC
(others available from .001 MFD @ 50 VDC)

10 MFD @ 35 VNP to 33 MFD 4 VNP
(others available from .001 MFD

COMPONENTS,

INC.

50 VNP)

(ACTUAL SIZE)

(ACTUAL SIZE)

CAPACITOR PRODUCTS

BIDDEFORD, MAINE 04005 — TEL: (207) 284-5956 — TWX: 710-229-1559

CIRCLE NO. 154
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The Carpet Challenge
Intrigued by Herbert Whitman’s
“Cut a Rug” puzzle (EDN, Sept. 2,
1968, p. 20) 200 readers took scissors
in hand and cut right to the heart of
the problem. Result: bits of paper
snowed EDN’s mail desk this month
—paper that had been cut into exact
dimensions to form the “10- by 10-ft”
rug requested in the puzzle. (Solution
shown below.)

Many problem-solvers wanted to
know how long it took others to cut a
rug. Answers ranged from: “Time to
solve = time to draw” to “Now we
have a problem! To whom do we
charge the 17 man-hours of engineer-
ing effort required for the solution?”

J. D. Morseman, Huntsville, Ala.,
commented, “The most challenging
part of Mr. Whitman’s problem was
how he managed to wear a perfectly
rectangular hole. I suspect he is
hiding a severe infestation problem,
i.e., an advanced case of neurotic rug
moths with unsuppressed geometric
tendencies.”

EDN thanks Mr. Whitman for send-
ing in the puzzle and wishes him
luck with his moths.
|-——9 feet - 10 feet—

Problem: Cut the rug into two pieces,
such that when the two pieces are placed
together, they will form a 10- by 10-ft rug.
Solution: Make a series of 1- by 2-ft cuts,
leaving two pieces, with one being shifted
one over and two down.

More Than Just Class C

Reader Harry Hyder asks if the am-
plifier described in “Overdrive
Boosts UHF Amplifier Efficiency and
Power” (EDN, June 1968, p. 38) is
“just another overdriven Class C
amplifier”? Dave Snider, developer
of the circuit, comments on technical
aspects of the question:

“Output power and collector ef-
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ficiency of a tuned RF amplifier
can be increased beyond maximum
theoretical limitations set by con-
ventional Class B or Class C operation
by simply controlling load impedance
presented to a device at the harmonic
frequencies of the RF drive signal.
If only the load impedances are con-
trolled, 100-percent collector ef-
ficiency is possible with greater out-
put power than either Class B or
Class C operation. This defines the
‘Optimum Efficiency Class B’ mode.

“If the RF drive also is increased
such that the output voltage and cur-
rent waveforms are symmetrically
clipped, even more output power can
be developed but at only 90-percent
collector efficiency. However, this
approach results in an amplifier that
is rather insensitive to variations in
RF drive. Thisdefines the ‘Overdriven
Class B’ mode. The reader should note
that with either the Overdriven or
the Optimum Efficiency mode of
operation, both the output power and
the collector efficiency are, at the
same time, greater than with Class C
operation.”

Credit Due Teradyne

Kemon P. Taschioglou, of Teradyne,
has pointed out that in the article,
“Trends in Computer-Aided Testing”
(EDN, Sept. 2, 1968), Teradyne was
incorrectly identified as Teledyne in
the photo caption on p. 22 and in the
acknowledgments.

Robert Compton, EDN Midwest
Editor and author of this story, asks
Teradyne to “please accept my
apologies” for the misspelling.

An Inchls anInch Is an Inch
Dear Mr. Wiesner:

Re: Your editorial in the August 1968
issue.

While I agree that the SI System
(referred to as the metric system in
the editorial) should receive serious
consideration for adoption in this
country (and without going into the
details of what that really means),
I wish to point out what is apparently
an error in the editorial. Some years
ago (in the late 1940’s I believe),
the American, British and Canadians
got together and produced what is
called the ABC Inch, defined as 2.54
centimeters exactly. For 10 or 20
years the three countries, America,
Britain and Canada, have been using
this same inch.

A more realistic problem to discuss
is whether you would like a 1/4-20
bolt to be labeled 6.35 x 7.874 or
whether you wish to have the bolt
modified to a 6 x 8. In the first case
you haven’t changed the bolt, just the
language used to describe it. In the
second case you actually have changed
the bolt’s size and the next time you
need to fix your car, which is 10 years
old (and still has the English bolts on
it), you will swear at somebody. You
will need to have two sets of wrenches
on hand. I do not say the change
should not be made. I do say, however,
that we should be more explicit about
what we mean by changing to the SI
(metric) system and that we should
anticipate our own personal costs,
depending on which one of the changes

we mean.
Ralph A. Evans, Physicist
Research Triangle Institute

Can You Solve This One?

readers with this “hard”

object. All

meeting, etc.
Problem: Describe the object.

Albert A. Sorensen, Palos Verdes
Peninsula, Calif., challenges EDN’s
puzzle.
Shown are three views of a solid
rules of orthographic
drawing projection apply; that is,
lines are formed by edges or surfaces

0y
X &

Send solution to EDN, Design Noise
Dept., 3375 S. Bannock, Englewood,
Colo. 80110.




New, true dval-heam
oscilloscope.

And only $995*

True dual-beam, portable oscilloscope features line or
battery operation. Choice of 15 or 30 MHz bandwidth plug-in
Y-amplifiers (23 and 12 nsec rise times).** Solid state unit
provides differential input, internal voltage calibrator, and
both signal and time delay.

For complete data, write for Bulletin TIC 3318A to Motorola
Communications & Electronics Inc., 4501 W. Augusta Blvd.,
Chicago, Ill. 60651.

*Exclusive of options. **15 MHz amplifier, $395; 30 MHz amplifier, $595.

MOTOROLA

Precision Instrument Products

CIRCLE NO. 155

THUMBWHEEL

[] COMPACT ] MODULAR

[] POSITIVE OPERATION [] WIDE RANGE OUTPUT

[] SIMPLE, CLEAN (] EDGE LIGHTING
INSTALLATION AVAILABLE

[J ECONOMICAL Send for further information

TECH LABORATORIES, INC.

Palisades Park, New Jersey
k Phone: 201 — 944-2221 - TWX: 201 — 947-4730

CIRCLE NO. 156

e Don't
buy
too much

.

Dale Steppers do
telephone-type jobs
in less space

at half the cost!

In just over 8 cubic inches, Dale’s 4100 Series can
handle your telephone-type stepping requirements.
Uni-directional, bi-directional, AC, DC, 4, 6, 10, 12
or 13-throw sequence. The cost: $6.00 in quanti-
ties of 100.

Dale steppers have been thoroughly proven in a
number of industrial and commercial control appli-
cations. They offer a reliable method of reducing
size and cost without sacrificing product quality.
We're ready to prove it. Phone 605—665-9301 or
write us today!

DALE STEPPING RELAY SPECIFICATIONS

Uni-directional or bi-directional, AC or DC with plate (2.5
watt) or wafer (4.5 watt) switch. Single pole with 4, 6, 10,
12 or 13-throw sequence. Contact rating: From dry circuit
to 1 amp at 24 VAC. Auxiliary power switch can be located
at any specified position. Plurality of poles makes 3-5
throws possible. Can be provided with interrupter switch
for automatic stepping. Adjustable physical stops provide
reliable selection limiting. Dimensions: 2.200” H x 2.190"
W x2.005" D.

DALE ELECTRONICS, INC.

@ Sioux Division, Dept. EL
Yankton, South Dakota 57078

Write for new Electromechanical Products Brochure
CIRCLE NO. 157
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Design Dataline

Broadcast over Design Dataline—sug-
gestions and information from EDN'’s
editors and authors about new books,
government reports and other references.

More on Spatial Filtering

If you would like additional information
on the spatial filtering technique discussed
on p. 30, first refer to the book, “Pictorial
Pattern Recognition”, Thompson Book
Co., 14th & F Sts. N.W., Washington,
D.C. 20005, 1968. W. J. Poppelbaum
describes the technique quite thoroughly
in the chapter entitled “Adaptive On-Line
Fourier Transform”.

Then, check another direct reference,
the paper Mr. Poppelbaum and Mr. Faiman
gave at WESCON ’68, entitled “Unusual
Electro-Optics for Display and Processing”.

HANDBOOK
Handbook e
Of
Physics

E’;;ll I

Edited by E. U. Condon and Hugh Odi-
shaw; Second Edition; McGraw-Hill Book
Co., New York, N.Y.; December 1967;
1680 pages; $32.50.

The engineer’s interdisciplinary bridge
is usually physics. Most of us have one or
more such texts on our bookshelves. We
are well aware of the rapid advances
taking place in our own technology, but
are apt to consider physical concepts as
fixed.

That such is not the case is evidenced
in the preface to this second edition of the
handbook by Drs. Condon and Odishaw. In
the mere 9 years that have passed since
the first edition was produced, the world of
physics has changed markedly. One-third
of this edition is made up either of new or
totally revised material. Another third
consists of material that has had from a
fair to a considerable amount of revision.
The final third alone appears substan-
tially unchanged.

This handbook holds some surprises.
First, it seems to contain an inordinate
amount of mathematics. Yet, when one
gets into this section he gradually realizes
that it is treating the mathematics peculiar
to physics rather than the classic.

Ninety-two chapters and an appendix
later, the diligent find an index, con-
siderably expanded over that in the first
edition, containing approximately 12,000
entries. This, with an excellent running
bibliography, makes “Handbook of Phys-
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ics” invaluable for reference. Trouble is,
it is as exciting as a novel, and when
merely looking up a constant, one easily
is caught up into reading whole chapters.
Yash Pal’s treatment of the mysterious
and elusive cosmic ray is a particular
case in point. For more information about
this book, Circle No. 401.

Tom Stephenson

Fundamentals
Of

Integrated
Circuits

By Lothar Stern; Hayden Book Co., Inc.,
116 W. 14th St., New York, N.Y. 10011;
198 pages; $8.95.

Here is a book that begins with an intro-
duction to the integrated circuit and its
different forms and continues with
semiconductor physics through transistor
action. It details with excellent photo-
graphic support the techniques of IC
fabrication, including monolithic, thin-
film and hybrid circuitry.

It also discusses the techniques of IC
packaging; provides a comparison of to-
day’s standard circuit logic forms; relates
the circuit-design aspects of IC’s; devotes
a chapter to layout, and concludes with a
look at large-scale integration.

The book should prove a valuable asset,
both to the novice and to the seasoned
designer who has used the IC in design,
but who is not familiar with the construc-
tion and cost trade-offs. For more infor-
mation about this book, Circle No. 402.

Bob Koeper

Computer
Selection

By Edward O. Joslin; Addison-Wesley
Publishing Co., Reading, Mass.; 172 pages;
$7.95.

Much literature either explains or tells
how to build a computer, but few present
the purchasing aspect. This book is strictly
for the users.

The author provides, by means of ex-
amples and detailed case history, a few
important guides for the reader on how

to make the-wisest computer-system in-
vestment through system analysis. Also,
he develops many concepts equally
helpful in making any capital-equipment
investment where competing sources of
off-the-shelf products are involved.

One subject of dispute is whether to
lease, purchase or lease with option to
buy. The book clearly reveals all pros
and cons of various acquisition plans.
Both users and manufacturers of com-
puters should find the book valuable in
helping them to avoid many of the com-
mon mistakes in the process of computer
selection. For more information about
this book, Circle No. 403.

Harry Howard

Dataline — Relay Info

E. U. Thomas recently sent in a reference
suggestion. Mr. Thomas, who is chairman
of the Society of Automotive Engineers’
Aerospace Electrical Equipment Sub-
committee A-2R for Relays, advises that
Section XI of NAVAIR 01-1A-514 of the
“Technical Manual on the Design of
Electric Systems for Naval Aircraft and
Missiles” is an excellent relay reference.
This report is based in part on some of the
work done by the A-2R subcommittee.

For more information, he suggests that
interested readers contact L. W. Wendling,
Code AIR-533-52A, Naval Air Systems
Command, Washington, D.C. 20360.

Do you have a reference clue that might
aid other designers? Send information to
EDN Design Dataline.

Clearinghouse Report

“Operational Amplifiers for Use in
Nuclear Spectroscopy”; NASA TND-
4349 (N68-18254); by Theodore E. Fessler,
Lewis Research Center; March 1968. Fast
operational amplifiers are well suited for
designing electronic pulse amplifiers for
nuclear physics research. Unlike most
commonly available op amps, these must
have excellent high-frequency response,
so are constructed with new fast transis-
tors and circuits tailored to that need.

The report treats the design and use of
op amps in circuits with rise times as
low as 10 ns. A specific amplifier is used
to illustrate real amplifier performance,
and phase-compensation methods and
their relation to open-loop amplifier
properties are described. Finally, some
closed-loop amplifier circuits are used to
demonstrate practical phase compen-
sation.

Report may be ordered, by number,
from the Clearinghouse, U.S. Dept. of
Commerce, Springfield, Va. 22151. Price:
$3.

EDN October 1968



Deutsch/Filtors
atching flat pack relay.
Address it and
forget It.

| iggo

= Talk about good things coming
in small packages.

The Deutsch-Filtors flat pack latching relay
is the ultimate.

Called the ML, it's designed to do abig jobina
small space. That makes it a flat pack.

For applications where contamination and power
are critical, such as space systems, time-sharing
lines and matrixing, ML has all the advantages.

7~ "i35 Advantages like: design for

|33 LATCH Gi

ﬂ 0¥ g_/ ; easy application to printed
|93 RESET i .
g circuit boards; fastest

rEMnaLvEw - |atching relay in the
industry (2.5 milliseconds max.); and 100 grid
spacing. It also features Deutsch-Filtors’ unique
sealed contact chamber design, which eliminates
contamination—forever. Add to that, low price
in lots of 1000 or more, and you've got
the whole story. For aerospace, military, and
commercial applications.

Interested? Write for full information and a
design sample of the ML latching relay.

And remember, Deutsch-Filtors guarantees the
highest quality relays money can buy. It's the
only way we know how to make them.

DB ITSCIAL

FILTORS RELAY DIVISION

e 65 Daly Road - E Northport, Long Island, New York

CIRCLE NO. 158
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Wedge-
Action*

Relays

Hermetically-sealed, electromagnetic
relays that provide high performance and
reliability under the most difficult
operating conditions in dry-circuit to

2 amp applications.

2PDT

MARKIL SERIES 500
MIL-R-5757/9

2PDT
MARK I, SERIES 400
(1.35" high)
SERIES 410 (1" high)
MIL-R-5757/8

6PDT 4PDT
(1" X 1")
MARK I, SERIES 300
(6 PDT).
SERIES 350 (4 PDT).
MIL-R-5757/1 and
MIL-R-5757/7

6PDT
MARK I, SERIES 085
(—55°C to +85°C)

SERIES 100
(—65°C to +125°C),
SERIES 200
(—65°C to +200°C).
MIL-R-5757/1.

The moving contacts
are mounted between
two stationary contacts.
On actuation, they drive
into the stationary
contacts, creating high
pressures and low
contact resnstance at all current levels. In
addition, wedge-action contact wipe provides
self-cleaning of the precious-metal contacts.
“Patent No. 2,866,046 and others pending.

For complete data write Relay Sales and
Engineering Office, P. 0. Box 667, Ormond
Beach, Fla. 32074, Phone 904-677-1771,
TWX 810-857-0305.

Electro-Tec Corp.

A DIVISION OF KDI CORPORATION CKDI

CIRCLE NO. 159
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¥ di/dt capability K
10 times industry’s best
EVEN WITH LOW POWER GATE DRIVE

NATIONAL® INVENTS
THE REGENERATIVE
GATE SCR

NATIONAL ELECTRONICS,
INC. regenerative gate SCR is the
only SCR that will give 600 amps/
u sec. when tested according to
JEDEC SUGGESTED STANDARD
NO. 7 Section 5.1.2.4. This is a
di/dt rating at three times the
peak on-state current and % the
switching loss of any SCR now on
the market. No sacrifice is required
in gate drive, turn-on time, turn-
off time or any other characteristic.
Now available in 55 and 110 amps.
*Patent Pending

NATIONAL ;..

ELECTRONICS, INC. °U*™

a varian subsidiary
PHONE: (312) 232-4300 - GENEVA, ILLINOIS 60134

CIRCLE NO. 160

SMALLEST—NEON

READOUT
INDICATOR

HAS 8 ADVANTAGES

SINGLE PLANE — closely inter-

linked segments insure uniform clar-
ity and easy readability.

BRIGHTER DISPLAY — brighter

neon glow, with no flashover from
unlighted stacked filaments.

WIDER ANGLE VIEWING — ig-
nited electrodes are all up front to
provide widest viewing angle.

SMALLEST IN SIZE — 0.41” diam-
eter results in a 4-digit display with-
in a 2” space.

|
2
3
4
5 COMBINATION SPACER &
6
7
8

ELFINT™

MOUNT — simplifies P/C wiring;
changes leads from round to straight
line.

NUMERIC & OTHER CHARAC-
TERS — displays 0-9 numerals, +
and — symbols, some alpha, and
decimal point.

LONG OPERATION LIFE — neon
displays possess an infinite life span,
thereby making them most reliable.
LOW POWER REQUIREMENT

— exceptional low cathode current
of 0.4 ma. per segment makes it 99
ideal for ICs.

ALLCD 5Sitene

LAWRENCE. MASSACHUSETTS

EACH

1000 QUANTITY

CIRCLE NO. 161

IS
STATE-OF-THE ART
PERFORMANCE

IN

AN

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 ==6ma * Input Imped-
ance: 10,000 megohms ® DC Gain: 75,000
* Unity Gain Bandwidth: 10 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

CIRCLE NO. 162
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miniature
terminal block.
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- e Snap-fit sections—no
! unused circuits.

- ¢ No hidden contacts or
: marking areas.

: ¢ Direct or channel

! mounting.

: e Available in nylon or

! polypropylene.

: e Tubular contact with

i captive clamp eliminates
' lugging.

i e Handles up to #12 AWG.
i e Rated 300V NEMA

L general industrial control
' devices and 600V NEMA
: limited power circuits.
:
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FREE catalog
available on
request.

BUCHANAN

ELECTRICAL PRODUCTS CORPORATION

1065 Floral Avenue ¢ Union, New Jersey 07083
(201) 289-8200  Telex 1-25471

a subsidiary of Elastic Stop Nut Corporation of America

308A
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MAX. TORQUE:
80 IN.-LBS.

BREVEL'S
New Heavy-duty
MOTOR

Available with unique
new lever-type brake

One look at the performance specs of
our recently introduced "G’ motor and
customers asked for the same in a com-
pact version. Since we hold fast to a
policy of unceasing new and advanced
product development—and building the
motors our customers need—here it is.

s Heavy duty die cast housing permits
wide gear surfaces

e Gears turn on large diameter hardened
and ground shafts

s Heavy loads can be transmitted, shock
more easily absorbed

e Bosses for .most existing mountings,
front and rear

e New lever-type
positive stops

* Brake also fits Brevel Series ‘‘F’’ Motors

brake made for fast

WRITE TODAY FOR CATALOG PAGE

manufacturers of small
motors for industry

EBREVEL

BREVEL PRODUCTS CORP

243 Broad St., Carlstadt, N.J. 07072.

(201) 933-0220

Direct N.Y.C. Phone: (212) 524-9427

Canadian Factory: Brevel Prducts Ltd.

1370 Birchmount Road, Scarborough, Ont.

(416) 751-2111.

Partial List of Representatives:

CHICAGO: Jerry Golten Co.

4319 W. Irving Park Rd. ®

WEST COAST: Elec. Motor Eng., Inc.
LOS ANGELES: 6515 Sunset Blvd. ®
PALO ALTO: Phone 326-3105.

(312) 725-7870
HO 9-7393
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(We do all the work...
you get high yield,
low cost, guaranteed

performance.

MINIATURE CABLE ASSEMBLIES

As producers of an in-depth line of mini-
ature connectors and semi-rigid miniature
coaxial cable, we can make a pretty
strong case for ourselves as a source for
miniature coaxial assemblies shipped
complete with mounted connectors.

Specify any flexible, braided cable or,
request our own semi-rigid coax, in sizes
from .070 to .350 inches in impedances of
50 and 75 ohms. Specify crimp-type mini-
ature connectors or patented Emlock®
compression metal-to-metal fit, in
matched impedances. We will cut cable
to precise mechanical and electrical

lengths, bend semi-rigid cable to indi-
vidual requirements, mount selected con-
nectors, test to your established param-
eters and guarantee performance. All
this, at a price lower than your cost if
you were to buy your own coax and con-
nectors and do the job yourself. How?
Our assembly speed is faster, our yield is
greater.

Can we tell you more? Write for full
details today: Phelps Dodge Electronic
Products Corporation, 60 Dodge Avenue,
North Haven, Connecticut 06473

PHELPS DODGE c+sramion ™™

(EDN
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Now that’s a switch — namely, SSPI's 2N5552 10 ampere
switching transistor. But a speedy ice cube? You really
need one when you’re looking for efficiency. With a
saturation voltage of under one volt at 10 amperes, power
loss is reduced. The.speed? Saturated turn-off time is
less than 700 nanoseconds at 5 amperes. This means
smaller parts and a cool running system. And the mini-
mum beta of 30 @ 10 amperes means a low supply
current. So why would you want your system getting
all heated up over a transistor when you can cool
it with the coldest 10 amp transistor available? Inci-
entally, we also make a stud-mounted ice cube, too.
.more information, call or write Peter Jenner at:
TATE PRODUCTSB8...00u o0 onnooe camsonsrion
Street, Salem, Massachusetts 01970 '
ne: (617) 745-2900




CONTROLS DIVISION

are most “versatile” and “real cost savers”

AC AND DC MINIATURE RELAY users
have been presented with new cost-saving
opportunities with the introduction of the
RBM CONTROLS line of 3 pole double-
throw switching relays.

The new Type 93 line includes both
open and enclosed types, and is char-
acterized by their rugged construction
features, conservative ratings, versatility,
and, above all, by several important cost-
reducing features.

FRONT WIRING—AII terminals, both coil
and contacts, are out the front of the ter-
minal block surface. This ‘“‘everything out
the front’" construction makes it easier to
wire, with resulting reductions in assem-
bly cost.

Another cost-reducing feature is the
one-screw, single-hole front mounting
standard, which cuts both mounting and
assembly time.

~¢—— MOLDED PLUG

For 3/16” quick con-
nect plug-in enclosed
relay provides protec-
tion in handling and
servicing.

WIRING FLEXIBILITY =3

Both coil and contact
terminals are out front
for ease of wiring and
low cost assembly.

<€~ CONTACT FLEXIBILITY

Button type (a) and
crossbar (b) power con-
tacts available on same
relay for multiple switch-
ing operations.

LOW COST MOUNTING—»

One screw, single hole
standard front mount-
ing reduces assembly
time.

UL & CSA — Recognized under U/L Component
Recognition Program and CSA with variety of
contact ratings, coil voltages, and terminations.

Off the shelf delivery of Standard Controls is available from your RBM CONTROLS authorized distributor.

RBM/ALPHA-TAFCO CONTROLS
STEMCO CONTROLS
STANCOR PRODUCTS

ESSEX WII-'-IE

C OR POR& T

RBM CONTROLS * 131 GODFREY ST, LOGANSPORT, IND. 46847
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