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The "special” audio transformers you need
are "standard” at UTC.

When you're readytospecifytransformers
and inductors, before you turn to costly
specials, check UTC. Chances are there's
a standard unit that fits your special
electrical and mechanical requirements
exactly.

UTC has over 500 audio types in
stock, ready for immediate delivery. And
UTC engineers are constantly adding to
the line. Microwatts to kilowatts. Less
than 14 Hz to greater than 1 MHz.
MIL-T-27 or industrial. Metal-encased or
open frame. Input, output, mixing, match-
ing, modulating, phase shifting, hybrid,

baluns, ring modulato-. All in continuous
production for samp:e or high-volume
requirements.

If the specific unit you need isn't on
our shelf, we'll tailor a standard unit to
your special requirements—saving the
time and costs of starting from scratch.
Check your local distributor for immedi-
ate off-the-shelf delivery. For catalog,
write: United Transformer Company,

Division of TRW
INC., 150 Varick ’Rw
Street, New York, ®

N.Y. 10013. UNITED TRANSFORMER COMPANY
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Speed Reader

HP’s new 2012 series—the only data acqui-
sition systems that can accurately measure
noisy low-level signals at speeds to 40 chan-
nels per second. Quickly and easily expand-
able in input channel capacity, measurement
capability and output recording devices
with plug-in cards.

They're built around the 2402A Integrating
Digital Voltmeter—a speedy quarterback
that calls the signals—expands with plug-
in cards from basic dc measurements to
accept ac voltage, resistance, and fre-

quency. The new 2912A—a reed scanner
with built-in programming capability —ex-
pands from 10 to 1000 input channels in
10-channel increments. The 2547A—a new,
versatile coupler that mates with a wide
variety of output recorders—has clock and
manual data-entry plug-in options.

Ask your HP field engineer about the versa-
tility that comes with the fast HP 2012 Data
Acquisition Systems. Or write Hewlett-
Packard, Palo Alto, Calif. 94304; Europe:
54 Route des Acacias, Geneva.

HEWLETT ﬁ PACKARD

DATA ACQUISITION SYSTEMS
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Where small
resistances
are a

big problem:

4 terminal accuracy |
2 probe measurement |

50 uohm sensitivity
in a portable instrument

The new Hewlett-Packard
4328A Milliohmmeter,
with 50 wohm sensitivity,
improves on 4-probe re-
sistance measurements
by incorporating both
current and voltage drive
in one probe. It provides
this great sensitivity by
using a Kelvin Bridge
technique, combining an
oscillator and a phase-
sensitive voltmeter to offer today's most convenient
measurement of extremely small resistances.

The 50 wohm sensitivity is excellent for measuring con-
tact resistance of relays, switches and connectors; in
trouble shooting to test the quality of grounds and
other short-circuit phenomena; for making lead and
end wire resistance measurements on pots.

Range of the 4328A is 100 ohms to 1 milliohm full
scale in a 1, 3, 10 sequence. A built-in phase discrimi-
nator lets you make precise resistance measurements
on samples with a series reactance up to twice full-scale

2 Circle 2 on reader service card
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resistance, a feature that makes the meter useful for
magnetic core material measurments.

Applied voltage is lirrited to 20 millivolts RMS by spe-
cial sensing circuits, regardless of the measurement
range, and extra protection for sensitive devices is
afforded by having the oscillator function only when a
resistance is connected to the probes.

The 4328A Milliohmmeter, in addition to its 2-probe
convenience, is fully portabie...weighs only 7 Ibs., is
offered with an optional rechargeable battery. Price:
$450 ($25 more for the battery option; fitted leather-
ette field case $15)

For more information call your local HP field engineer
or write Hewlett-Packard, Palo Alto, California 94304;
Europe: 54 Route des Acacias, Geneva.

ish
HEWLETT .hp PACKARD
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Readers Comment

Image makers

To the Editor:

With reference to Toshiba’s
ultrasonic acoustic image converter
[Sep:. 2, p. 169], I disagree with
the statement that “Toshiba . . .
will probably be the first to put
one on the market.”

James Electronics has produced
and marketed an ultrasonic image
converter since 1964. Our system
was the first to be available com-
mercially in a practical form for
industrial nondestructive testing or
laboratory research. It offers a
2-inch aperture at any frequency
between 1 and 10 Mhz, compared
to the Toshiba limitation of 1 inch.

The James system can also be
supplied with acoustic phase sen-
sitivity, presenting the phase infor-
mation in color on a standard
broadcast color television monitor.
The color form of the image con-
verter is sensitive to changes in
acoustic impedance as small as 1
part in 105

One of the most important ap-
plications for the ultrasonic image
converter, apparently overlooked
by Toshiba, is in acoustic holo-
graphy, which offers the promise of
removing many of the limitations
inherent in use of the image con-
verter to produce ultrasonic shad-
owgrams.

John DuBois
Director of engineering
Instrument Division
James Electronics Inc.
Chicago

Earlier work . . .

To the Editor:

In reference to your story on
lasing plastic [Sept. 16, p. 55],
our client, the Korad department of
Union Carbide, reported the same
thing more than a year ago. Korad
physicist B.H. Soffer and B.B.
McFarland, in the “Applied Phys-
ics Letters” of May 15, 1967, spe-
cifically reported lasing a solid
sample of Rhodamine 6G in poly-
methylmethacrylate (i.e., plastic),
as well as alcoholic solutions of
Rhodamine 6G.

Related articles appeared in
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Add Sprague Series 7400A

e

to your prints for

1

111

Series 74N T TL circuits.
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 Loac) 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
SN7 450N 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
SN7 490N 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., 35 Marshall St., North Adams, Mass. 01247

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

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and @ are togistered trademarks of the Sprague Electric Co.
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Open-circull veliage of peach n-
0398V (B4 on witch Gial mingw
VL0V un msbury.

A Peach of a Reading, +0.2%, at a Peach of a Price, $665.

Is a low-level dc voltmeter essential to
your measurements work ? You'd probably
like one as accurate as the economies of
your measurement allow. How about

one that's +0.2% accurate, measures
below 1uV and costs only $665?

Need more than just a voltmeter? Besides
being a microvcltmeter, the GR 1807 also
is a nanoammeter, null detector, and
differential voltmeter at the same +0.2%
accuracy . . . as a microvoltmeter the
1807 offers nine decade ranges from 15uV
full scale to 1500V . . . as a nanoammeter,
currents can be measured from 15 pA
full-scale to 10 mA . . . as a null detector
the 1807 has a common mode rejection
of greater than 160 dB plus a 3-second
recovery speed for overloads up to
1,000,000:1; and, used as a differential
voltmeter, this 1807 offers accuracies 10
times better than conventional voltmeters
You might say that the GR 1807 fills in

Circle 6 on reader service card

the accuracy gap that's been created
between analog and digital voltmeters.

What's the secret? Nothing really. By
using differential techniques, the first
one or two digits can be moved off the
meter and put on a switch. This allows
the meter to do just the fine work — the
interpolating. You can do this by setting
the interpolation-offset switch to subtract
from the input a calibrated voitage equal
to the most significant figure of the
unknown, and then read the difference
directly from a meter. Thus, the 1807
achieves digital accuracies but still
preserves the versatility of an analog
device.

Other features . . .

High input impedance, greater than
500MQ on most ranges, eliminates
practically all loading errors . . . The use
of a photochopper modulator minimizes
noise, drift, and offset problems . . .
Excellent common-mode rejection is
achieved by using Teflon throughout the
1807 to isolate high and low terminals
from ground. The meter readout is also
unique — it is logarithmic above 10% of
full scale and linear below 10% of full
scale. The meter zero is offset upscale

by about 20° to permit easy reading
around zero . . . D-C amplified output is
provided to drive chart recorders . . .
Probiems arising from thermoelectric
voltages generated by junctions of
dissimilar metals have been eliminated
by copper-to-copper junctions at’all
points in the input circuitry . . . a buiit-in
switchable RC low-pass filter with a
1.5-Hz cut-off is provided to eliminate
any ac hash that might be superimposed
on the input dc signal . . . And, you
have a choice of either battery or line-
voltage operation.

For complete information, write General
Radio Company, West Concord,
Massachusetts 01781; telephone (617)
369-4400. In Europe: Postfach 124,
CHB8034 Zurich 34, Switzerland.

GENERAL RADIO



Readers Comment

“Chemical & Engineering News”
(June 19, 1967) and in “Laser Fo-
cus” (July 1967). The news stories
included references to the lasing
of a dime-store plastic triangle.
(Actually, both the original Ko-
rad achievement and Bass and
Deutsch’s repetition involved las-
ing of the dye in the plastic, not
the plastic itself.)

It is true, though, that the Elec-
tronics story emphasized the econ-
omy of plastic as a laser material,
whereas Korad’s emphasized the
continuous tunability of organic
dye lasers.

James B. Marine
Public relations director
Bowes Co.
Los Angeles

. . . on lasing plastic

To the Editor:

Concerning your description of
the work of two Raytheon scientists
on the laser properties of acrylic
plastics containing Dayglow pig-
ments [Sept. 16, p. 55], these pig-
ments are dyes related to fluores-
cein.

In an Office of Naval Research
project at the Polytechnic Institute
of Brooklyn, A. Baczynski (now of
the University of Torun, Poland)
and I demonstrated in 1965 stimu-
lated emission from polymethyl-
methacrylate rods containing fluo-
rescein. The work was reported at
an international symposium in
Paris in June 1966 and is described
by me (in English) in the January

1967 issue of the Journal de Chimie
Physique.

We showed that the acrylic plas-
tic must be produced in such a
way as to remove strains. This ap-
parently explains why the Raytheon
workers failed with commercial
plastic rods but had success with
plastic sheets, the latter being of
better quality because of their
method of manufacture.

Gerald Oster
Department of Biochemistry
Mount Sinai School of Medicine
New York

Information please

To the Editor:

I would be interested in hearing
from any of your readers who can
supply historical or technical data
about the mechanical-scanning tv
receivers built by the Western Tel-
evision Corp. of Chicago (circa
1930).

I am restoring one of these
receivers and would also like to
locate a “kino lamp” and other
components used in these sets.

Ed Bukstein
Northwestern Electronics Institute
Minneapolis
Minn.

Readers’ letters should be addressed:
To the Editor,

Electronics,

330 West 42nd Street, New York,
N.Y. 10036

Please Include an Electronics Magazine address
' label to Insure prompt service whenever you
write us about your subscription.

Mail to: Fulfiliment Manager
Electronics
P.0. Box 430
Hightstown, N.J. 08520

l To subscribe mall this form with your payment
and check [J new subscription [J renew my
present subscription

' Subscription rates: qualifled subscribers in the

U.S.: 1 year $8; two years, $12; three years,
$16. Non-quaiified: 1 year $25. Subscription
rates for foreign countries available on request.
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l Application For

\FET
'VIDEO
ISWITCHES !

e e e e

f PROBLEM: High OFF attenuation §
' — Low ON loss

SOLUTION: Grounded gate FET —
controlled at the drain and

source. l
P . VHF-J. ,1
@ -_ P "
gl
- .

O

Sw
n

- T e

' Turn this circuit off and the RF

l is shunted to ground through the

l FET’s equivalent C,,. OFF atten- '
uation is greater than 65 dB for
small signals. ON loss is less than

' 6 dB. With the 2N5397 these fig- I
ures hold true around 200 MHz.

- £g :

Write today for complete infor-
mation on this and five other
l RF circuits that function best
with high-performance Siliconix
FETs. We'll include complete
I data on all RF FETs, too. Just I
ask for the Siliconix RF FET
I Data Packet. '

L =
. - [
|S|||comx incorporated I

1140 W. Evelyn Ave. ® Sunnyvale, CA 94086
l Phone (408) 245-1000 @ TWX:910.339-9216
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Who's Who in this issue

Samelson

The growth of single crystals of II-VI compounds and the
study of thin optical and electrical properties were Harold
Samelson’s primary interests up to 1961. Since then his field
has been liquid lasers. Samelson, author of the article on
liquid lasers on page 142, participated in the discovery and
subsequent development of chelatc lasers, and since 1966
has been engaged in research on inorganic liquid lasers based
on aprotic solvents. He has been with the General Telephone
& Electronics labs since 1956.

Copenhagen to Canada to California has been the
itinerary of Per Mogensen’s professional career. Co-
author of the article on metal oxide semiconductor
multiplexer switches on page 152, Mogensen is a
1962 MSEE graduate of the Danish Technical Uni-
versity. He worked in Toronto before joining Fair-
child in 1965. For Wallace Chan, the state of the
art has been California. He holds a BSEE from the
University of California at Berkeley and is working
for an MSEE at San Jose State College. Chan, who
joined Fairchild in 1967, is working on a six-channel
multiplexed analog-to-digital converter on a single
MOS chip.

Mogensen Chan
Haines

Almost from the day he graduated from Syracuse Uni-
versity 15 vears ago, Frederick J. Haines has been in-
volved in the development of television cameras and
studio systems for closed-circuit or broadcast applica-
tions. He credits General Electric, where he spent 10
year designing cameras and other tv broadcast equip-
ment, for most of his training in the field.

Before joining International Video in 1967 as a project
engineer, Haines, the author of the article on page 134,
was enginecring manager for video products at Granger
Associates in Palo Alto, Calif. Before that, he was a
project engincer at Sylvania Electric Products.

The successful meeting of East and West at Marquette University is evidenced by the article on Gunn
devices on page 148. Japan’s T. Koryu Ishii, a professor at Marquette, is currently working on millimeter-
wave and microwave solid statc systems. Stanley V. Jaskolski, another professor, is now conducting research
on the high-field effect in various semiconductors. And Mohammed Al-Moufti, from Iraq, did research for

his master’s thesis on r-f transmission lines using bulk-effect devices.

8 Electronics | November 11, 1968



Meier

Inventor and developer of the mag-
netic rod elements used in NCR’s
315 RMC computer, Donal A. Meier,
author of the article on page 128,
holds nine U.S. patents and heads
a research section at NCR that’s
working on LSI memories.

The author of the plated-wire
survey on page 124, George Fedde
heads Univac’s data processing
technology group. He has been at
the firm for 12 years and holds
an MSEE degree from MIT.

Joining Librascope in 1960,
Richard Flores is now manager of
the plated-wire memory depart-
ment there. He’s the author of the
article on woven-wire memories
on page 131.

A systems engineer by experience,
Alan Bessen has been involved
during the past few years in the
expanding field of electro-optics.
He has developed the infrared con-
tamination detection system de-
scribed on page 112, as well as an
optical miss-distance indicator,
and has major experience in iner-
tial navigation and fire-control sys-
tems.

Bessen holds a BEE degree from
Cooper Union, where he subse-
quently taught courses in physics,
and an MSEE degree from Colum-
bia. He joined the Ford Instrument
division of Sperry Rand 15 years
ago and is now an engineering
project supervisor in the special-
purpose computers department. He
is a member of Tau Beta Pi and
the IEEE.
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Do you have this
new capacitor data?

i e o5 e s

DIPPED MICAS. .. for entertainment and
commercial equipment

Single-film silvered-mica capacitors cost less than stacked
mica or ceramic types. These capacitors are rated at 300
WVDC and have good stability and retrace characteristics
over their operating temperature range of -55C to +85C.
Capacitance values from 10 to 360 pF, =5% arc available.
Put this quality and performance into your next design.
Ask for Engineering Bulletin 1010.

CIRCLE READER SERVICE NUMBER 220

SPARK GAPS . . . for TV tube protection

Sprague spark gaps suppress transient voltage surges and
protect your expensive picture tube and allied circuitry.
They are available in 1.5 kV and 2.5 kV ratings, and have
a maximum: capacitance of 0.75pF, providing an economical
means of safely bypassing transient overvoltages. All
Sprague spark gaps are 100% tested to insurc your circuitry.
Use them to protect your picture tube warranty. Ask for
Engineering Bulletin 6145A.

CIRCLE READER SERVICE NUMBER 221

DISC CERAMICS ... for general, temperature-
compensating, and low-voltage applications in
industrial, commercial, and consumer equipment

| sreapsrm il
(< DISC CAPAGTONS
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TP LAATURE LOMPINSATING
-anala’ DK CAPACTTONS

taa\'““,-a

¢

l
O
|

NYPRCON UKTRA-HIBH CAPADS Aect Ll
oMK CIRAMC CAPAGITORS

SPRAGUE COMPONENTS

Cera-mite® general application discs for bypass and cou-
pling at low cost. Nine disc sizes from .300 to .875 inches
have 100, 250, 500, and 1000 WVDC ratings, in standard or
temperature-stable formulations. Dual-section discs have up
to .022uF @ 1000 V. Ask for Engineering Bulletin 6101D.

CIRCLE READER SERVICE NUMBER 222

Cera-mite temperature-compensating discs for controlled
capacitance change with temperature in R-F oscillators,
precision amplifiers, timing circuits, other cntical applica-
tions. Select from ten linear temperature coefficients from
NPO to N2200. Capacitance values from | to 2200 pF with
1000 WVDC ratings are available, plus popular values at
3000, 4000, and 5000 WVDC for TV yoke circuits. Mini-
fied units in 250 WVDC ratings may be obtained with
capacitance values ranging from 22 to 990 pF. Ask for En-
gineering Bulletin 6102B.

CIRCLE READER SERVICE NUMBER 223

Hypercon® ultra-high capacitance discs for low-voltage

circuits. Replace electrolytics with non-polar Hypercon

capacitors only a fraction as large. The 2.2uF, 3 volt disc

has a diameter of .875 inches; the 0.1uF, 25 volt unit

measures .750 inches. Ask for Engineering Bulletin 6141F.
CIRCLE READER SERVICE NUMBER 224

For bulletins in which you are interested, write
Technical Literature Service, Sprague Electric Co.,
35 Marshall St., North Adams, Mass. 01247

CAPACITORS
TRANSISTORS

RESISTORS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
INTERFERENCE FILTERS

YT IEILIN

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and * (D are segistesed trademarks of the Sprague Edectric Co.
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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 AlS5 is rated 3 amps
at 70°C and the 200 to
800 volit models are

transient voltage pro-
tected up to 1000 W for
20 uS in reverse direc-
tion.

Al5's dual heat sink
design means low ther-
mal impedance. Easy
adaptation of axial leads
to PC boards reduces in-
stallation cost below
stud mounted units.

Both the Al5/Alf 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
portabie appliances. Cir-
cle Number231.

Microwave Clreoit
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
® Over two decadles of
microwave circuit
developrment

¢ The industry's most

New benefils from GE's
hermetically sealed
reed relays

Glass to metyl seals and
steel housing nhow pre-
vide true hennelic en-
closure for reed relays.
The GE 3SBN reed te-
lay has:
# Increased sensitivity
e Immunity to rmag-
netic (nterference
elfect
» Very low tharmal

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 severg ad-
verse environments
* Small size and light-
weights—as low as 1
cuvic 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 unegualled output of
highest performance ac-
tive components includ-
ing coaxial and planar
gridded ‘tubes. Circie
Number 232,

New 35S BN

emf’s in contact cire-
cuits
e Protection of con-
tact capsules and
colls, Pbetause of
rugged construction
o A lower weight than
plastic  encapsuls-
tion
This new raiay tomes
In Form A, 1-6 poles and
Form C, 1-5 poles and is
only 0350 inches high.
The relay is available
in a wide range of sys-
teth wvoilzges and s
ideally suited for print-
ed citcult buard appli-
catipns,
For more information
Citcle Number 233,

New low-cost
miniature indicating
lights Ideal for limited

space applications

GE's naw, lowcost CR.
I0HE Indickting lights
are-only L', inchas long
and munt with a spesd
nut in & X, loch diaw
eter hple — parfect for
applications whate space
is at @ peemigm,
Flugh and cylindrical
lens types are svailabile.
Tha cylindrical Iens pro-

CR103IHE

trudes only B inch, and
is Utrasontically welded
for maximum  steength,
Both we avallable In
four lens colom clear,
amber, red and while
Four body colots pme
availablee gray, white
beige and black

The standard light has
a & lnch lesd stripped
% ingh, Bbut mpecial
lengths  ar=  #vallable
Leads are staked into
the body of U unit o
fnsute that no. move-
mant takes place inside
thy light

The CRIGIHE (s UL
listed tor 120V, 24N, and
AGOV, end is idenily salt-
ed I67 applications whes
visual displey snd. ip-
peatanee Is important.
For more Information
Circle Number 234,

COMPONENT CAPSULES

GE computer-grade
capacitors offar
over %

farad at 5 volts

Now GE 85F500 High
Capacitance  computor-
ginde  capscitors  now
provide ub to S4000 af
al five voits G000 of &t
10 walts) In o single
case

Thesn enlprged-capac-
ity uhils e exdsl
chioicos  whete  |langs
bloeks of capacitance

are required—as In pow-
er supply fliters, for ex
smple. BAFS00 wnits wre
rated for conbinuols do
eration at B30 or st BSC
with proper sollage o
rating.

GE's new  compliter-
frade capbciton provide
highest capacitance por
cass  siza high ripple

curmenl  capability. low
ESR, long shell and op-
ernting life

Units are avallabln In
ning chee siaes—dlhm.
gtars 19" to 3, with
lisgths Up to 8% —for
operatinn up to 18 VOC
Circle Number 235 o
your render 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
Number236.

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

The excellent commutat-
ing ability, fast response,
and long insulation life
of GE 3%, 436, 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 237.

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 lowest 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-
ber238for 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

thermistors ideal sensors
fcr 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 239for 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

In-7512 I

g!'!b
:
&

— o» O~}

el

n-7513

’

&.4[

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 240.

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

ELECTRONIC COMPONENTS SALES OPERATION

GENERAL @ ELECTRIC



I’m Edson deCastro,
President of Data General.
Seven months ago we started the richest new
small computer company in history.

This month we’re announcing our first product:
the best small computer in the world.

Data General wasn’t started on a shoestring. .

My associates and I had been with a company where we developed
the most successful line of small computers in the business. And we
knew the only way to go was big. Right from the beginning.

So we got the financing to be big. To build a plant that’ll knock out these
computers by the hundreds. To develop a large enough technical service
organization to really support our customers.

And we designed a revolutionary computer. The NOVA.

Other small general purpose computers are built around an obsolete
architecture based on an old technology. NOVA is built around medium scale
integration. It’s the first with multi-accumulator/index register organization.
The first with read-only memory you can program the same way you do
core. The first low cost machine that allows you to expand memory or build
interfaces within the basic configuration. AN

One more thing. The price with a 4096 16-bit word memory \N
and Teletype interface is only $7950. And we're offering the A
best discounts in the business. e

Because if you make a small inexpensive computer, you S

have to sell a lot to make a lot of money. And we intend o
to make a lot of money.
DATA GENERAL
W CORPORATION

275 Cox Street, Hudson, Mass. 01749

Specifications: NOVA is a 16-bit word general purpose computer. It has four accumulators, two of which may be used as index
registers, It offers a choice of core or read-only memory of IK, 2K, 4K, 8K, and up to 32K 16-bit words (or twice that many 8-bit
bytes). NOVA comes in the desk top console shown here or a §1%4” tall standard rack mount package. Both the desk and rack versions
can hold up to 20K 16-bit words of memory or interface for a large number of peripheral devices. NOVA has the most flexible 1/0
facility ever built into a machine of its class. It will include a high-speed Data Channel and automatic interrupt source identification
as standard equipment. Write for more information today. Or see us at the Fall Joint Computer Conference on Wednesday.

Circle 12 on reader service card







ZAVAN

EFC
fiberoptics
for
computer
applications

Punched Card and
Tape Readers

Reflective Readers
Light Piping

r designers, specifiers and buyers of
eroptic components in the computer
peripheral equipmentindustries, there
now a single source of design and
anufacturing capability to meet your
Juirements. ..with competitive prices,
m deliveries and conscientious service.
r more information, write or call

LECTRO FIBEROPTICS
CORPORATION
45E Water Street, Worcester, Mass. 01604
Phone 617 791-7391

ite for this booklet called Sine Waves and
ht Pipes—an introduction to Electro Fiber-
ics Corporation—plus technical data sheets.

Circle 14 on reader service card
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The appointment of Marshall G.
Cox as marketing director of the
Components division of the Ray-
theon Co. signals an entirely new
direction for the division’s Semi-
conductor operation. Cox, 33,
comes to Raytheon from Fairchild
Semiconductor, where he was in
charge of computer marketing,
Fairchild’s biggest sales target.
Raytheon has been known as a
“hi-rel” military house, specializing
in low-quantity, high-price, and
high-reliability orders. No more.

Electronic data processing, Cox
says, will account for 45% of in-
tegrated-circuit sales by 1971. If
Raytheon is to grow, it will have to
enter the volume fields; the hiring
of Cox was one step of division
manager Nevin Kather’s plan for
such entry. “The plan in 1968 was
to add to our revenue by con-
centrating on existing markets,”
Kather says. “Now we have to
diversify our customer base.” Adds
Cox: “By the end of 1969 we will
have penetrated the commercial
market with both proprietary and
second-source products.”

Faster TTL. The specific areas
where Raytheon wants to compete
are transistor-transistor logic, semi-
conductor memories, linear cir-
cuits, and—somewhat downstream
—sub-nanosecond emitter-coupled
logic in complex medium-scale in-
tegration.

Raytheon already second-so
Sylvania in both SUHL 1 and
2, the brand of TTL with the
est performance ratings. But i
also offer, by the end of the
eight complex circuits in the j
lar Texas Instruments series
74, and will introduce a whol
(25 elements) of its own TTL

This proprietary TTL, now j
under the house name of R:
will have propagation times o
der 4 nanoseconds—less than
thirds the typical rating of SU!
It will be pin-compatible and
trically compatible with SUHL"
really super-SUHL,” Cox says
a grin.), but with a single ma
change it can be made comps
with the series 54/74 as
Moreover, the power dissip
will be the same as SUHL’s.

“We have made a formal ma
ing study and found many m:
of small- and medium-sized .
puters who want superfast ¢
for the central processing
peripheral equipment, and
terminals,” Cox says. The new
will be out early next year.

All in plastic. In memories,
theon will first aim at the scr:
pad market. The company ha
ready announced a 16-bit scr:
pad, and it will have a 6
device in the first quarter of
year and a 256-bit beam-le:
chip in the second quarter. C
plans are for hybrid packages
from four to eight beam-lead cl

It will be hard to compete in
mories in the future without a n
oxide semiconductor line,
Raytheon sold its MOS operatic
Hughes last year. But, says Ka'
“we will be back in MOS by 1
or whenever it’s necessary.”

In linears, Raytheon now sec
sources Fairchild’s 709 and
operational amplifiers and
tional Semiconductor’s LM101
amp, and makes its own fully «
pensated version of the 101
plans to introduce an imprc
version of the 741, a fully comr
sated circuit.

To underline the complete:
of Raytheon’s change, Cox n
that the company will offer e
circuit in a plastic package by
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New Machlett
tetrode...
for single tube
design at

‘g .- high power levels
I8 HLETS
MADE TN US.A ( Vapor-cooled ML-8785 (or ML-8786,
. water-cooled) is particularly suitable
\ for these applications:
1

High Power Communications
Class C Telegraphy...to
350 kW

‘ ' I l I I ' 1Rl Linear RF Power Amplification

nun LN | T el T
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@ THE MACHLETT LABORATORIES, INC.
A SUBSIDIARY O F RAYTHEON COMPANY
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SERIES

260
365 SOLID CARBIDE

Ill

GIRGUIT BOARD

DRILLS

Choice of 58 drill sizes from No. 80 to 14"
ALL WITH COMMON 14" DIAMETER SHANKS

for precision drilling
with every drill size!

You can now maintain location and hole size tolerances
to extremely close limits . . . at drill feeds up to 15 feet
per minute! The unequalled rigidity of solid carbide
plus the added support of 14” shanks gives maximum
deflection-free performance in drilling all diameter cir-
cuit board holes. All drills precision ground with unique
four facet drill point configuration. Common 13” shank
design eliminates need for collet and bushing inventory
for each drill size. Your Metal Removal distributor
provides vital sales and engineering liaison . . . call

him or write for Catalog D67.

THE METAL REMOVAL COMPANY
1859 West Columbia Avenue Chicago, lllinois 60626
Plants Located in CHICAGO/LOS ANGELES/SAN JUAN

MASTER TOOL AND WHEEL MAKERS FOR THE WORLD
END MILLS / DRILLS { REAMERS / BURS | SPECIAL TOOLING

Circle 16 on reader service card
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end of the first quarter of 1969.
All of these plans, of course, will
require increased production ca-

pacity, and the Semiconductor
operation is now investigating
foreign assembly facilities; its

present plants are in Paso Robles,
Calif., and Mexicali, Mexico.

If ever there existed an organiza-
tion that depended on digital data
—in fact, whose very lifeblood is
real-time, transaction-oriented in-
formation—it’s the New York Stock
Exchange. In the single-minded
world at the southern tip of Man-
hattan that is the financial district,
anything that promises to increase
the efficiency with which that data
is delivered gets as warm a wel-
come as the latest hot issue.

The exchange now has a new
man in charge of promoting effi-
ciency: Robert B. Grant, vice presi-
dent and director of the Electronic
System Center. The 46-year-old
Grant, who came to Wall Street in
August from the Celanese Corp.,
is responsible for the exchange’s
computer activities and for devis-
ing new data-handling methods.

Over the horizon. It’s in the lat-
ter area that the cigar-smoking
Grant has his work cut out for him.
“We have more to do in the long-
range planning -area. We have to
plan for tomorrow and, equally im-
portant, beyond tomorrow—so that
when we get to tomorrow we know
where we're going from there.”

But Grant hasn’t turned his back
on hardware problems. He can't,
because the exchange’s problems
are unique. Not only does it have
an unusually large number of real-
time requirements, but its com-
puters must have a level of data
integrity that off-the-shelf hard-
ware simply doesn’t provide. Cus-
tom modifications must be made.

“We also must have multiproc-
ess redundancy,” explains Grant,
“in which one machine monitors
the other, spots degradation, and
calls in other equipment or itself—
a kind of shoulder-tapping opera-
tion. The hard truth is that we
simply cannot tolerate more than
15 seconds of down time.”

Circle 17 on reader service card—>
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Fairchild can make more hybrids in

'PPPP’*PVP r-u- PWT'P

A A

Electronics | November 11, 1968



an hour than you can use in a month.

+«

'Hﬂ'} Z' Y -
v-‘;\ . A%
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We can make any hybrid, in any quantity, using any
method: Thick film. Thin film. Thin film on silicon.
We can make them faster than anyone in the indus-
try. And deliver them quicker to anyone in the world.
We'll take any functions you need and package them
any way you want. Our list of hybrid components has

everything from a simple diode to a complex LSI array.

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

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

you could use in a year. Write for it. m

Fairchild Divislon of Fairchild Camera and Instrument Corporation//313 Faicchild Drive, Mountain View, Californis 84040 (415) 862-5011 TWX: 810-379-6435 sgalgDNDU!!E!
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MAGNETICS

kKeep weaponry
on target!

Unlike the cumbersome, clanking gear train of the Monitor’s
cannon, today’s weapons are controlled by sophisticated and silent
means. Artillery shells and bombs are exploded precisely on-target

by delayed action fuses. A tape core in an oscillator generates pulses

for a timing circuit. A bobbin core counts the pulses and actuates

the explosive device at the exact instant selected by pre-setting the fuse.
Some of our best tape and bobbin cores are blown to bits this way...

but they do their job. Forward-looking manufacturers with airborne problems
look to 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.

NN INNUS et TNV

ARNOLD

SPECIALISTS IN MAGNETIC MATERIALS

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

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

Other Arnold products are up in the air too: bobbin cores and MPP cores in aero-
space telemetering * Supermendur in smaller, lighter transformers for jets and
aerospace ¢ iron powder cores in radio/TV coils ¢ Alnico and Arnox in loud-
speakers for radio/TV and communications ¢ Alnico for microwave equipment.
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WERE UNVEILING

THE
ALL
NEW

SERIES 8000
GORDON

pra—
C MICROAMPIHIS

e
20 40 o €0 100

e Quality, reliability and styling from Gordon,
famous for instruments since 1914!

o Tops for your OEM equipment or black-box
applications, GORDON METERS feature covers
of clear, high-impact G.E. Lexan®.

o Core magnets are high-coercive Alnico for
the sustained accuracy you need.

o Spring-backed sapphire pivot bearings and
one-piece bridge construction standard.

e Popular 2%2", 32" and 4%2” models;
square; edgewise; DC and AC rectifier type.

o Custom design available, too, in color
masks, scales, ranges, resistances and pointer
style and color.

FREE

GORDON
PANEL METERS
BULLETIN 1-800

Write Today

4042

poc/ GORDON

A SUBSIDNARY OF

PPNEUMO DYNAMICS CORFPORATION
5710 RENOSHA ST RICHMONO, ILL. 60071
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Meetings

Reliability physics: problems of connection

Connecting elements in an inte-
grated circuit presents a continu-
ing problem: the combination of
properties demanded of the inter-
connection material is hard to get.
And the problem is worse for
large-scale and medium-scale in-
tegration, because two or more
layers of interconnections are
needed. So serious is the difficulty
that it’s to be the focus of atten-
tion at this year’s Symposium on
Reliability Physics (formerly Phy-
sics of Failure in Electronics) in
Washington Dec. 2 to 4.

An entire session, for example,
will be devoted to electromigra-
tion of interconnections in IC’s.
This effect, which causes open-
ings in the aluminum intcrconnec-
tion paths, was originally thought
to be a result of evaporation due
to internal heating. It is now
known that the aluminum atoms in
the interconnection migrate as a
result of momentum transferred
by impinging electrons.

J. R. Black, an engineer with
Motorola, will lead off the session
with a survey of present knowl-
edge of the effect and a report of
his work on a prediction model
that incorporates the effects of
temperature, current, and compo-
sition on electromigration.

M.]. Attardo, A.-H. Landzberg,

W.E. Reese, and G.T. Wenning,
researchers at IBM's Components
division, will give the results of
their study of the precise nature
of the effect in long interconnec-
tion paths. And electromigration is
not limited to aluminum, as T.E.
Hartman and J.C. Blair of Texas
Instruments report in their paper
on electromigration in gold film
conductors.

Surface studies. Some of the
problems of multilayer LSI inter-
connections (and the corollary di-
electric layers) are discussed in
papers by G.L. Schnable and R.S.
Keen on failure mechanisms, and
by Schnable and E.S. Schlegel on
test structures for studying surface
cffects. All are with Philco-Ford.

One of the sessions will be de-
voted to scanning electron micro-
scopes and electron-beam micro-
probes—among the most powerful
and popular analytic tools to be-
come available to the semiconduc-
tor industry. P.R. Thornton of the
University College of North Wales
will survey applications in an in-
vited paper. The use of electron-
beam techniques to study IC metal-
ization problems will also receive
attention in this session.

For more information, write Joseph Vaccaro,

Rome Air Development Center,
Griffiss Air Force Base, N.Y. 13440.

Calendar

Automatic Support Systems
Symposium for Advanced
Maintainability, 1EEE;
Sheraton-Jefferson Hotel, St. Louis,
Nov. 12-14,

Conference on Thermal Conductivity,
Department of Commerce;

National Bureau of Standards,
Gaithersburg, Md., Nov. 13-15.

Analytical Symposium Advanced
Technical Program,

American Chemical Society,
Society for Applied Spectroscopy,
American Microchemical Society;
Statler Hilton Hotel, New York,
Nov. 13-15.

Meeting of the Anti-Missile Research
Advisory Council, Advanced Research

Projects Agency and the U.S. Naval
Postgraduate School; Monterey, Calif.,
Nov. 14-16.

Symposium on the Applications of
Lasers to Photography & Information
Handling, Society of Photographic
Scientists and Engineers; Airport
Marina Hotel, Los Angeles, Nov. 14-15.

Conference on Engineering in
Medicine & Biology, Biomedical
Engineering Society; Shamrock-Hilton
Hotel, Houston, Nov. 17-20.

Conference on Magnetism and
Magnetic Materials, IEEE and the
American Institute of Physics; Hilton
Hotel, New York, Nov. 17-21.

(Continued on p. 24)
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Not when we have more than 80,000
non-American readers.

Or you can point the finger at our
international advertisers. They con-
sistently place more advertising in
ELEcTRONICS than in any other
worldwide electronics publication.

And we can point (with pride) to
our cditorial staff in 64 different
countries. They’re responsible for
our ELECTRONICS INTERNATIONAL
section. It’s a-new identity for the
increasingly monolithic electronics
market.

ELECTRONICS INTERNATIONAL gives

Electronics | November 11, 1968

advertisers the opportunity to pin-
point this market with fractional as
well as full pages. Subscribers are
prime prospects for worldwide ad-
vertisers in every segment of the
market:

Proof of its importance to non-
American readers can be found in
their loyalty. More than 88% read
3 out of every 4 issues.

% who purchase or specity

s of L3 78.5%
using 811
Government & military 82.1
h & 888
Operators of communications equipment 90.0
Service & installation ns
Educational institutions 935

Distribution not asked

% who purchase or specify

Manufacturers of L 91.3%
s using electronic equipment 949
Government & military 4.6
research & 93.0
Operators of communications equipment - 90.7
Service & installation 9226
Educational institutions 889
Drstribution 94.4

If you’re in the international elec-
tronics market, ELECTRONICS INTER-
NATIONAL wants YOU!
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EXTRA DRY

In a martini, it's a matter of taste — in a
K-Grip Jr. RF connector in wet, humid
climate, it's essential. That's why our new
series of plugs and jacks is moisture-proof.

The dry is extra. All the rest is K-Grip Jr. —
the lowest cost, high-reliability RF connector
installed. Almost 50% smaller, 50% lighter,
it's a crimp type version of our standard

RF connector reduced to its simplest form.
Assembly is foolproof — in seconds.

With K-Grip Jr. RF connectors it's a matter of

savings. We save you time, weight, space and,
in our new series of plugs and jacks, we save

you from weather-worry. Write for details.

ZKINGS

ELECTRONICS CO. INC.
40 Marbledale Road' Tuckahoe, N.Y. 10707
(914) SW 3-5000/ TWX 914-793-5879
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Meetings

(Continued from p. 22)

Photovoltalc Speclalists Conference,
IEEE; Jet Propulsion Laboratory,
Pasadena, Calif., Nov. 19-21.

Microelectronics Packaging and
Interconnection Conference, Society of
Automotive Engineers; Rickey Hyatt's
House Hotel, Palo Alto, Calif.,

Nov. 20-22.

Winter Annual Meeting & Energy
Systems Exposition, American Society
of Mechanical Engineers, Hilton Park
Sheraton, New York, Dec. 1-5.

Conference on Applications of
Simulation, Association for Computing
Machinery, IEEE; Hotel Roosevelt,

New York, Dec. 2-3.

Rellabllity Physics Symposium,
IEEE; Hilton Hotel, Washington,
Dec. 2-4.

Vehicular Technology Conference,
IEEE; Hilton Hotel, San Francisco,
Dec. 34.

Entry Vehicle Systems and Technology
Meeting, American Institute of
Aeronautics and Astronautics;
Willlamsburg, Va., Dec. 3-5.

Circuit Theory Symposium, IEEE;
Hilton Plaza Hotel, Mlami Beach, Fla.,
Dec. 4-6.

Symposium on Theory & Measurement
of Atmospheric Turbulence &

Liffuslon In the Planetary Boundary
Layer, Sandia Corp. and the
Atmospheric Sclences Laboratory of
the Army Electronics Command;
Albuquerque, N.M., Dec. 5-7.

Vehicular Technical Group Conference,
IEEE; Hilton Hotel, New York, Dec. 6-8.

Electrical Insulation Conference, IEEE;
Biltmore Hotel, Los Angeles, Dec. 8-12.

National Electronics Conference, |EEE;
Conrad Hilton Hotel, Chicago,
Dec. 9-11.

Fall Joint Computer Conference,
IEEE; Hilton Hotel and Civic Center,
San Franclsco, Dec. 9-11.

Consumer Electronics Symposium,
Conrad Hilton Hotel, Chicago,
Dec. 9-10.

Symposium on Adaptive Processes,
IEEE and UCLA; University of California
at Los Angeles, Dec. 16-18.

Winter Institute in Computer and
Information Sciences, University of
Florida; Galnseville, Dec. 17-21.
American Assoclation for the
(Continued on p. 26)
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(-Donner worked till we could give you
5f DVM's clearly superior to any others on
ket today. Take the tiny Model 9000 you
%

al

g it a clean, modern design and pivoted the
A SO you can adjust it to be read without
&‘: and craning your neck.

-“3 it a quick response input amplifier to
e hunting and enable it to track varying
\p 'hat means you don’t have to wait while
u s flicker every time you tweak a pot.

(‘o the best conversion technique —dual
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and maximum long-term accuracy.

We made it read current and resistance as
as voltage to broaden its utility.

We made it show polarity, decimal point and]
of measurement so just about anyone can u
without risk of error.

e
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slope integration—to give it 80 db noise rejei
1

And we gave it a price tag you can afford:
Little Model 9000 is but the smallest of an el
new family that includes .01 DVM’s and

timeters in easy-to-carry cases or flat Thin
configurations that take only 1-3/4" of rack s
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Temp-R-Tapeo® T

One of a series of self-adhering tapes of
skived Teflon* TFE. High elongation
provides excellent conformability for
tight wraps around irregular surfaces.

Temp-R-Tape HM-350

Made of skived Teflon TFE. A unique
CHR manufacturing process imparts
lower elongation and higher breaking
strength. Good conformability.

Temp-R-Tape C

Extruded Teflon FEP film has extremely
high electric strength, highest of all
Temp-R-Tapes. Transparent for easy
read-through. Excellent conformability.

Temp-R-Tape Kapton*

Made from a polyimide film. Has out-
standing thermal endurance. Retains
physical and electrical properties at ele-
vated temperatures. *T.M. OF DUPONT

Temp-R-Tape GV

Closely woven glass cloth. Good con-
formability and flexibility. Strong. Punc-
ture and tear resistant. Excellent abra-
sion resistance and thermal stability.

Temp-R-Glaso®

Glass fabric coated with Teflon TFE.
Four thicknesses. Resists Teflon cold
flow. Strong. Puncture and tear resistant.
Also available without adhesive.

WE MAKE SIX DIFFERENT TYPES OF WIDE TEMPERATURE
RANGE ELECTRICAL TAPES.

THAT WAY WE'LL HAVE ONE THAT'S JUST RIGHT FOR

YOUR APPLICATION.

Temp-R-Tape is operational from —100 F to +500 F, has excellent
electrical and physical characteristics. Pressure sensitive silicone polymer
adhesive. Stocked by a national network of distributors capable of techni-

cal assistance and fast delivery. Look under CHR ‘
c H R n
g

in industrial directories or micro-film catalogs. Or
write for details and sample. The Connecticut Hard
Rubber Company, New Haven, Connecticut 06509.

|
Subsidiary of U.S. Polymeric, Inc. l
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Meetings

(Continued from p. 24)

Advancement of Sclences; Dalla:
Dec. 26-31.

Reliability Symposium, IEEE;
Palmer House, Chicago, Jan.

Second Hawaii International Cot
Department of Electrical Engine
University of Hawaii, Honolulu,
22-24,

Winter Power Meeting, IEEE; N¢
Jan. 26-31.

International Symposium on
Information Theory, IEEE;
Nevele Country Club, Ellenville
Jan. 28-31.

PMA Metrology Conference, Pre
Measurements Association; The
Ambassador, Los Angeles, Feb.

Winter Convention on Aerospac:
Electronics Systems, IEEE; Biltr
Hotel, Los Angeles, Feb. 11-13.

International Solld State Circu
Conference, |EEE; University ¢
Pennsylvania and the Sherato:
Philadelphia, Feb. 19-21.

International Convention & E:
IEEE; Coliseum and Hilton H
New York, March 24-27.

Conference on Lasers & Optoele
IEEE; Southampton, England, N
25-27.

Semiconductor Device Resean
Conference, |EEE; Munich,
West Germany, April 11-14.

Joint Railroad Conference, |EE
Queen Elizabeth Hotel, Montr
April 15-16.

International Magnetics Conft
(Intermag), |EEE; RAI Buildin.
Amsterdam, Holland, April 1¢

Geoscience Electronics Sympe
IEEE; Marriott Twin Bridges N
Hotel, Washington, April 16-1¢

Conference on Switching Teci
for Telecommunications Netw
IEEE; London, April 21-25.

Electrical & Electronic Measure
and Test Instrument Conferenc
Instrumentation & Measuremet
Symposium, IEEE; Skyline Hote
Ottawa, Canada, May 5-7.

Frequency Control Symposium,
Components Laboratory, U.S. A
Electronics, Shelburne Hotel, A
City, N.J., May 6-8.

(Continued on p. 286)



A REAL
WINNER

2N5452

@
$14.95 EA.

(IN LOTS OF 1-99)

TWICE THE DEVICE AT
A THIRD OF THE PRICE

That's right! Now you can buy the industry's
finest Matched Dual FETat this amazingly low
price. Use it in your Modular,Hybrid, Differen-
tial or IC amplifier designs and be a winner!

Befimition b3 51 1 On your
Offeet Vollage SV Max
Oiiset Vottage Bnift Union Carbide

25" 1o 4 135 5 aV
Gulpart Adnittan - 3": mho "p DISthUtOf S
i =1kH _ 1.0 umhio Max.
Outpul Adimittance She" now
Matsh 095 wamt v
=1 0% mowe = buy one today.
All Paramuters mmssured ot
' iy, R A

UNION
CARBIDE

SEMICONDUCTOR
Union Carbide Semiconductor/P.0. Box 23017/8888 Balboa Ave./San Diego, Calif. (92123)/tel: (714) 279-4500

WINNERS

Maosl people nevar
dreaml we'd go this low
Here are 10 that did

A dream of a device al
$14.95 For the B2%

of you who guessed 100
high you'll fingd the
greates! raward is in
using the 2N5452,

Henry DeBrain
Chicago. lllinois

W.L. Halleck

Groton, Conn

Richard Kane
Philadelphia, Pa

R. T. Pfeiffer

Ollawa. Canada

O. M. Potvin
Moosup, Conn

J. Prager

Burlingion, Mass

Ernie Sanchez
Concord Calit

R. E. Williamson
Fatrick AFB. Florida

George Yakoubianir
Ceos Cob, Gann

Laszlo F. Zala
Cleveland. Ohio




The E

For the modular man, the do-it-yourself
AMPMODU* Interconnection System solves
your interconnection problems for modular
packaging. You start with a post and a
receptacle—and you build from there. Two
sizes: Standard which uses .031 x .062
posts and Miniature which uses

.025 x .025 posts.

Standard or
miniature—vertical receptacles
Stake posts in a mother board. Machine
apply vertical female contacts randomly or in

a row on the daughter board. Horizontally plug
daughter board to mother board.

Standard or miniature—
horizontal receptacles. Stake
posts in mother board. Stake female
contacts horizontally on edge of daughter Crimp-snap-in connectors.
board and plug daughter board vertically .150 and .100 centers—miniature
into mother board. Posts can be placed size only. Crimp female contacts
randomly or in even patterns in both on wire. Snap them into connector
horizontal or vertical approach. housing. Mates with posts

& installed on printed circuit board.
M0

Also for input/output jumpers

f' ‘ for grid plates. When not used in
il a housing, similar contacts can
also be crimped to flat flexible cable.

Incremental nylon connectors provide
standard size posts in three different lengths.
Permits one, two or three daughter boards

to be stacked horizontally to mother boards.
Where metallic chassis are required, posts
are available in snap-in nylon blocks.

*Trademark of AMP Incorporated



Grid plates—AMPMODU
posts inserted in nylon
bushings in aluminum
plates. One- or two-row
daughter board connectors
plug vertically into grid plate.
Wiring side of post available for
TERMI-POINT* or wrap-type con-
nections.

Double row connectors—.100 or .150

grid layout provides female contacts in

connector housing for two row capability and
individual protection of contacts. Single

' row connectors also available.

The AMPMODU Interconnection System is
your electronic building block connector set
providing you design flexibility and cost
advantage unmatched by other systems.
Complete details are available by writing

AMP INCORPORATED, HARRISBURG, PA. 17105.

\ Tooling: The AMP-O-LECTRIC* with
miniature applicator inserts AMPMODU
receptacles and posts into circuit boards
at rates up to 2000 an hour.

INCORPORATED
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FAIRCHILD INSTRUMENTAT

Versatile
curve tracer.

FET/SIR capability:
51575.

ION A Division of Fairchild Camera and instrument Corporation 974 East Arques Avenue, Sunnyvale, Cahfornia 94086 (408) 735-

Fairchild’'s Model 6200B can test a greater
variety of devices than any curve tracer

in its price range. It operates FETs,
MOS-FETs, bipolars, unijunctions, diodes,
tunnel diodes and SCRs. It provides
1000V for high voltage measurement and
5 amps for high current tests. Base drive
can be as low as 100nA for high-gain
devices and up to 35V for FETs. The
6200B is compact, lightweight and
rack-mountable. We also have a
programmable version for high-volume
production applications: the 6200B/P.

It does a lot more. And costs a little more.
we'll gladly tell you about one or both.
Ask for our data sheets.

5011 TWX: 910-379-6944.
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Editorial comment

A challenge from the power industry

Foolproof delivery and round-the-clock availability
are the minimum specifications the electric power
industry demands for its only product—kilowatts.
Can the electronics industry—actually the offspring
of the power industry—help achieve these goals?
If programs undertaken by the Los Angeles Depart-
ment of Water and Power and the Houston Light-
ing & Power Co. are indicative, the answer is yes.
Both utilities will use a real-time computer system
for load switching and dispatching.

But there are skeptics in the power industry.
Some doubt the adequacy of the programing,
others the accuracy of the monitoring and periph-
eral equipment [Electronics, Sept. 30, p. 125].

The skeptics notwithstanding, it seems inevitable
that closed-loop systems will be developed with
an infallibility assured by redundancy and the use
of high-reliability components. There appears to
be no better way to meet the demanding require-
ments of power systems already too complex for
men to handle. As we see it, the power industry
needs electronic gear in these areas:

® communications

» sensing and switching

® processing (conversion and inversion).

At the International Electron Devices Meeting in
Washington last month, Leonard Linde, an engi-
neering consultant with nearly 40 years of experi-
ence in the power field, challenged engineers to
develop a vast computer-based system of “pro-
tective intelligence” that would continuously moni-
tor all sections of a power system and jettison parts
of it when necessary to protect the remainder. To-
day’s relay systems protect only assigned and rela-
tively small zones.

Because speed is all-important in isolating parts
of a system or diverting power, a reliable system
will have to be exceedingly fast. Furthermore, be-
cause the measuring of systems trends (changes in
frequency, voltage, or power factor) consumes
precious time, trend prediction will be increasingly
critical.

The electromechanical relays used to protect to-
day’s power systems are likely to be replaced by
solid state devices. Relays are subject to the falli-
bility of mechanical devices and require significant
power. The transition will not be without hitches,
Linde notes. Problems of compatibility between old

~—Circle 30 on reader service card

and new systems must be resolved, and speed,
accuracy, and power requirements will have to be
set for the new systems.

Public utilites will probably bypass the common
carriers in meeting their special data transmission
needs. Instead they’ll look to the electronics com-
panies to develop microwave telemetry gear ca-
pable of transmitting lots of data reliably and at
very high speed.

The potential market involves more than just
monitoring and supervisory equipment. Linde, in
discussing consumer needs, suggests that the devel-
opment of a reliable and economical fuel cell could
revolutionize the power field. Customers using such
cells for direct current would need more elec-
tronics to provide multiple frequencies and volt-
ages.

The transmission of d-c power at high voltage
will also create a demand for electronic gear. The
first U.S. application of hvde will be to transmit
power from the Columbia River to Los Angeles.
In such a svstem, conversion and inversion of
power could be accomplished with grid control
mercury rectifiers that are cascade-connected to get
the needed voltage rating. But a better way now
being tried in Sweden involves the use of cascaded
thyristors. Circuit interruption technique—still
pretty much of a black art—will have to be im-
proved for hvdc systems, in which voltage recovery
transients can be as high as 5 kilovolts per micro-
second.

Cooling to superconductive temperatures—too ex-
pensive and exotic a process for power companies
to use in he past—may deserve another look as a
means of hancling overloads on a limited scale.

Despite the clear challenge to electronics engi-
neers posed by the power industry, the most per-
spicacious forecaster would be hard put to predict
how rapidly the power market will grow. Neverthe-
less, it’s worth noting that new capital investment
in the domestic power industry last year totaled
$7.8 billion, a figure that’s expected to exceed $10
billion annually by 1972.

The quick and efficient application of electronics
to the power field depends on good communica-
tions between electronics engineers and power peo-
ple, but even more on the ingenuity of the electron-
ics industry.
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If your TWTs don’t play because of coercive force problems,
our HyCo Alnico 8 is the solution.

What can HyCo do for your traveling
wave tubes that no other alnico can?
Offer you the highest coercive
force of any alnico, for one thing:
1900 oersteds, in our HyCo 8H.
From samples to production quanti-
ties, HyCo is consistentin high coer-
cive force, resistance to demagnet-
ization, and temperature stability.
Want to avoid the exacting process
of calibrating your magnets and
stacks? We're the only manufacturer

offering production quantities of
calibrated TWT assemblies (and
we'll even sell you a calibrator).
When it comes to residual induc-
tion, our HyCo 8B is the highest
among all the alnico 8 types. Look to
HyCo 8 materials to save weight and
space in applications like klystrons,
BWOs, reed switches,
relays, motors, gener-
ators, meters and in-
struments. Write for

all the HyCo details to Mr. C. H.
Repenn, Manager of Sales, Indiana
General Corporation, Magnet Divi-
sion, Valparaiso, Indiana.

Typical Properties HyCo8B HyCo 8H

Residual Induction (By) gauss. ....8500 7000
Coercive Force (Hc) oefsteds . 1600 1900
Energy Product (BgHd) max.......5.00x10¢ 5.00x10¢

Peak Magnetizing Force—oersteds... 6000 6000

Permeance Coefficient at (BgHg) max. .5.25 4.25

INDIANA GENERAL

Making Magnetics Work




Camera-vtr combo
will cost $400-$500

GE readies
5-wattIC

Erbium-yag laser
said to be safer

Motorola expands
radiation-resistant
IC capabilities

Electronics Newsletter

November 11, 1968

Engineers at Dubow Chemical Corp. in New Hyde Park, N.Y., have
developed a 7-pound, battery-operated combination camera and video
tape recorder that looks and operates like a home movie camera. Using
Du Pont’s chromium dioxide half-inch tape in an endless-loop cartridge,
the helical-scan vtr records black-and-white pictures under normal room
lighting. Each tape cartridge records for up to 6 minutes.

At a private demonstration in New York last week, the camera-recorder
took pictures that were flawlessly played back on a standard monochrome
tv set. To play back, the unit is connected to the tv set’s antenna leads.

Nick Mascara, Dubow’s executive vize president, says the unit will sell
for between $400 and $500 and will be available at dealers some time
next fall,

Dubow is now negotiating with an electronics manufacturer to produce
and market the unit,

GE will soon put a low-cost, 5-watt integrated circuit for use as a power
amplifier on the consumer hi-fi and industrial markets. Insiders say the
key to the high power is an improved plastic dual in-line package that
provides low thermal resistance between the chip and the attached heat
sink.

The IC, the PA246, will be the first U.S.-produced device that can
supply 5 watts of continuous audio power. Sinclair Radionics of Cam-
bridge, England, recently announced that it would soon market a similar
5-watt integrated circuit at a price of about $7. But it now may delay the
introduction “several months” [for details, see p. 306].

Because of the hazards of laser use [see p. 193], increasing attention is
being focused on an erbium-doped ytt-ium aluminum garnet laser. The
material, under development at Martin-Marietta’s Orlando, Fla., division,
is stirring interest because the division’s researchers say that its wave-
length, at 1.6 microns, is less dangerous to the eve.

The 1.6-micron region is relatively safe because this light is more
easily absorbed in the cornea and the aqueous medium; less light gets
to the retina, where it can cause serious damage.

The device could be used in militarv range-finding and tracking sys-
tems. The output energy of the pulsed laser is 120 millijoules, and
although efficiency is only 0.05%, the developers expect to raise it to 0.5%,
adequate for most military systems.

Another problem is that available detectors, such as germanium ava-
lanche diodes, aren’t frequency-compatible with yag. The company is
trving to develop improved germanium photodiodes or mercury-cad-
mium-teluride devices instead.

Motorola’s Semiconductor Products division is broadening its capacity to
produce radiation-resistant monolithic integrated circuits. The firm has
set aside 17,000 square feet at its Mesa, Ariz., IC center for an independ-
ent group that will design and build standard dielectrically isolated IC’s,
and plans to hire additional engineers to augment the group already turn-
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FCC may clear way
for private network
of microwave links

Union seeks to link
layofis to imports

Electronics Newsletter

ing out radistion-hardened circuits for such programs as Minuteman 2.
Seven modified Series 930 diode-transistor-logic IC’s will be the first
standard radistion-resistant circuits Motorola will affer. They'll be ready
iv a few mouths und will be followed early mext year by a diclectrically
Isolated plug-in replacement for the 709 operational amplifier.

These moves are apparently aimed at koeping Motorola up with Fair-
child Semiconductor and RBadiation Ine., which recently won contracts
to set up production lines for radiation-resistunt IC's for the Poseidon
missile guidance computer [Electronics, Oct. 28, p. 52, A compauion
contract went to Motorola, but that award covered ounly tvansistors.

A network of private microwsve links serving large commercial users
may soon spring up. The President’s Task Force on Telecommumications
hopes to persuade the Federal Communications Commission te permit
the establishment of private data-transmission services subject auly to
the availability of frequency space [see related story, p. 68].

The task force, due to report its findings to the White House before
Dec. 1, contends that private microwave systems dn mot compete directly
with existing common caxriers, and it will urge the FCC to drop regula-
tions protecting common carriers from microwave operators promising
lower rutes,

A test casa fs now befare the FCC, Micrewave Communications Inc.
is seeking authorization to set up a flexible data-transmission voice-
cireuit service between St. Louis and Chicago. The commission is believed
to be deadlocked on the issue but H. Rex Lee, who assumed his seat late
last month, will probahly cast a tie-breaking vote in favor of the coro-
pany’s

The granting of a license in this case wonld encourage the many other
firms plunning similar ks and there's & movement afoot to fashion the
small micrownve operations into s loosely organized grid or network,
though details haven’t been worked out.

The International Union of Electrical, Radio, and Machitie Workers
(IUE) is expected to demund U.S, Tarlf Commission hearings on ils
churges that electronics imports are causing layolfs, The IUE will cite
the television industry #s a major example of this trend, but will claim
that the situation exists “thronghout the electronics industry.”

One cotnpluint §s that electranics companies have violated those pro-
visions of the Tariff Act that require added compensation for workers
lafd off because of imports,

The Air Force says it will let two contracts by the end of the year for
competitive approaches to a multifunction modulation technique for its
integrated communications, navigation, and identification (I/CNY) sys-
tem, The Rome Air Development Center fs now evaluating proposals
for the exploratory studies. The awards will be the first in the I/CNI
program, according to a Rome spokesman [Electronics, Aug. 19, p. 33
... NASA's Electronies Research Center Is seeking companies to study
requirements for an “experimental Satum § television broadeast satellite
system.” NASA apparently feels that a satellite-borme transmitter can
achieve the required radisted power, but no money has yet been ear-
murked for the hardware.
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Component and
Circuit Design

"SYLVANIA

IIIEAS/ Carcuit Assemblies

3';{,‘{" {““"“"""3 '}"“""'“3 S e et o g e e
Wit circuit moauies. : :

An additional reduction in noise
figures of from 30 to 50 percent has
been obtained by circuit improve-
ments in Sylvania’s popular line of
circuit modules. The 13 new mod-
ules added to the line are com-
pletely compatible with previous
units.

The key to improved noise re-
duction is the addition of a leadless
low-inductance capacitor between
the power and ground planes. This
improvement is in addition to the
already low noise figure of our

circait card that is achieved by
Continued on next page

This Issue In capsule

Information Displays
New CRT brightens picture for air
traff‘c controllers.

=9
=8

Spark Gaps
Comrpact surge arrestors offer low-
cost circuit protection.

G
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Integrated Circuits
How to design with the SA-20 wide-
bana amplifier.

()
e Microwave Diodes
‘ For short pulse detection: Try back
J diodes.
EL Readouts
Electroluminescent clocks will time
- Apollo flights.

Manager's Corner
How synergism brings you new and

Multilayer construction of Sylvania circuit cards brings better circuit assemblies.
IC leads within 1/64” of power and ground planes.




IDEAS /CRT's

New Circuit Module Cards

Function

Memory card (2 bit x 84 word)
Memory selec! driver card
Encoder

Dugl eight-bit register

Quad lour-bit register

Quad four-bit binary divider
Up/down counter

=
3

Series/parallel convertar

Dual four-bit/five-word
slorage register

Five-bil comparator with
starage

5.55 MHz bi-phase clock
13-bit digital delay generatlor

BS9N 3 3 FERAR
3

Tes! card

its unique construction and inher-
ent low noise of Sylvania’s SUHL
integrated circuits.

Until the development of our
circuit modules you couldn’t take
full advantage of the speed capa-
bility of our SUHL II 50-MHz
logic. Noise levels limited practical
operation to speeds of about 20
MHz. Now you can approach the
full 50-MHz capability of these
devices when you buy them on
our circuit boards.

The circuit module is made up
of two four-layer boards mounted
on either side of an aluminum
“backbone.” Each board has two
signal planes plus distributed
power and ground planes. When
necessary, the signal planes can be
electrically interconnected with
plated-through holes. The distrib-
uted power and ground plane con-
struction allows every IC lead on
the board to be within 1/64"' of
the power and ground planes. The
result is extremely short lead
lengthsand, thus, low noise pickup.

Typical of the new circuit boards
is our #262 memory card and #263
memory select driver. Here, we've
done your memory design work
for you. The #262 is a 128 bit card
(2 bits x 64 words). Combined
with the #263 memory driver, it
gives you a sophisticated systems-
oriented building block that can
solve your memory problems with
a minimum of interconnections.

CIRCLE NUMBER 300

New CRT brightens picture
for air controliers.

Scan conversion system using Sylvania CRT makes airport tower radar
displays visible in bright sunlight.

Airport towers, where lighting conditions can vary from darkness to 4,000
foot-candles, put tough demands on the contrast and brightness of radar
displays.

As a result of considerable research and development work within the
Federal Aviation Administration, bright radar displays for use by air
traffic controllers have become a reality. Based on an FAA-issued specifi-
cation, ITT Industrial Laboratories, Fort Wayne, Indiana has come up
with an optical scan conversion system that solves the problem for FAA
flight controllers. The system uses a special long-lag vidicon camera opti-
cally coupled to a Sylvania 5-inch CRT to convert the PPI radar display
into a high-brightness 945-line TV display.

The high-resolution requirements put a stringent demand on the CRT
used in the conversion process. To meet the need, Sylvania developed the
SC-5014P31. This tube provides a 0.0015-inch line width on a 5-inch
optically flat faceplate. The neutral gray non-browning faceplate is de-
signed to give optimum photographic quality. Brightness is enhanced by
the use of an aluminized screen.

In operation the PPI unit in the diagram accepts the normal radar inputs
and displays the radar video on the face of the Sylvania CRT. The vidicon
camera is focused on the CRT display and converts it to a uniform bright
TV display. The long-lag photoconductive surface of the vidicon retains
images of moving aircraft so that a minimum of five trails are visible to
indicate direction of movement.

The composite EIA video signal is fed to a special 12-inch CRT for
viewing by the flight controller. The display has a highlight brightness of
up to 500 foot-lamberts giving the controller an acceptable display in the
tower at any time of the day or night.

It is in applications like this, where the demands on CRTs are exacting,
that Sylvania’s experience and technical know-how really pay off.

REFERENCE VOLTAGE
Pl 1% STATOR VOLTAGE
\ 10 % STRTDA VOLTAGE
RADAR TRIGLER
RADAN PHE - TRIGOER
NORMAL HADAR VIDED
M1 RAQAR viDED
NAP ViO(o
BEACON VIDEQ
SPARE VIOEO
172 MILE SOUARE wiave TEST

MOR. DRIVE
VERT DRIVE
21 UNIT COMP BLANKING
4C-5014PY1 CRY . TV CAMERA TV VIDED —— TV DIEPLAY

[ Lo

AENOTE
CONTROL UNIT

Scan conversion system for radar display using the SC5014P31 CRT.
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IDEAS / Spark Gaps

The gas-filled spark gap surge arrestor is

“ow cnmnacl sume a"mstors one of the simplest ways to protect equip-

ment against damaging voltage surges. But

ﬂﬂﬂl‘ I“""coS' c"‘cu“ nm‘ec“nn. just because it's simple, don't underestimate

its capability.

A spark gap represents an almost ideal device for the job
of protecting equipment against voltage surges. Under
normal load conditions it presents a very high impedance
(100 megohms). If a surge occurs, the gap breaks down
and appears as a virtual short circuit. When the over-
voltage drops below the extinguishing voltage of the gap,
the device immediately returns to the high impedance
state.

Sylvania’s SG-1361 argon-filled spark gap is a minia-
ture unit designed to protect low power components such
as relays, capacitors, coils, and active devices from over-
loads. It has a nominal firing voltage of 600 V at 60 Hz
and a firing voltage range of 500 to 900 V, 60 Hz. Maxi-
mum firing current is 25 mA.

The SG-1361 can be used with higher energy circuits if
a series resistor is used to reduce the amount of energy
transferred by the spark gap to ground. When used as a
secondary protector, along with a primary surge arrestor,
the SG-1361 can protect components against lightning
strikes and other high-transient overloads.

Its small size (34-inch long and 0.215-inch in diameter)
and its simple economical construction make the SG-1361
an easy component to fit into any system. Since it comes
with pretinned Dumet leads the device can be wired
directly into the circuit without the use of adapters or
clip-type holders.

8G-1361 Electrical Data

Firing Voltage at 60 Hertz 600 volts
Firing Voltage Range (at 60 Hertz) §00-900 volts
Maximum Firing Current

(time duration — 30 sec. max.) 25 mA
Maximum Operating Temperature 80°C
Minimum Open Line Impedance 100 Meg.
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Voltage spikes are shunted to ground by
Sylvania‘'s SG-1361 spark gap.
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IDEAS /I ntegrated Circuits

How o desion with (e
SA-20 wideband amplifier.

External access to avary elempnt gf Sylvania's SA-20
linpar amplifier makes Il easy for you to modify its
characteristics to lit your application.

Sylvanin's 8A-20 i a verdatile general-purpose wide-
band amplifier. Its characteristies molude & high gain-
bandwidth prodyct, large signal swing and excellent
linearity.

The SAL0 has thike direct-couplod NPN transivtors
in & singleended configuration, Bits for the inprt tran-
sistor is estahlished internally by divider R, and R Fig.
1), Zaner dinde I), raises the biss level ul/Q, te permit
gperiition of Q, in the litear rahige Emitter fullower Q,
buffurs the output lord cireuit from the intermediate
stage, @y, therehy giving a highet total open-loop circuit
guin even with Jow-value lgads. Series DC egitive volt-

| age feedbuck s applied [rom the output of the etnitter

follower o the pmitter of Q) by divider R, and R,

The major power aupply edrrent palh is through the
outplt transistar, 4. Total deviee curront dewin is Lhere-
fare strangly related to the quiescent autpitt vollage and
the value of By. The output transistor has a maximum
current capability of 66 mA. Maximum juaetion and
cise temperature Tor the devite are 200°C and 155°C,
respectively. Waorstzouse thernminl gradienis of the dual
inline package used for the SA20 are 4,5 = (A5°C/mW
and 8,0 =0,075°C/mW.

In mosl institnces th# buse surrent of the Input tran-
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Fig.4 High gain configuration
for SA-20 linsar amplifier

sistor is small relative to the current in the input divider.
Under these conditions input quiescent voltage is:
Van = (VecRe) / (Ri+Ry)

Bias level of the input transistor may be varied by
shunting resistors R, or R,. However, consideration
must be given to the effect of a change in V, on such
factors as current drain and output quiescent voltage.

The output quiescent voltage, Vo is:

Vaour = RG;“‘RA [ (RY('_(;_ Rﬁz) —(Vir) ]

Vaour can thus be changed by external resistive shunt-
ing of any of the four resistors in the expression.

The maximum voltage swing of the device with an
R, = « is essentially a function of the supply voltage
and the zener-diode voltage. In the positive direction the
voltage is limited by the voltage drop across R; and the
base-emitter voltage of Q. The voltage swing in the
negative direction is limited by the zener voltage plus the
saturation voltage of Q; minus the junction drop of Q.
With a high R, the device will normally swing between
22.5 'V and 6.5 V. If the quiescent output voltage is at the
optimum level of 14.5 volts, the AC swing at the output,
assuming negligible resistive loading, is approximately
=80V,

Current restrictions limit the maximum possible volt-
age swing when using AC-coupled resistive loads of more
than approximately 600 ohms.

In the case, when R is low, the maximum output volt-
age is

o _Vec—Vee + | (Rsvaguz) [(B3+1) (Ru)]
o mas +(Rs) / (Ro) (B3+1)

Assuming a typical device with V..=24 V, an AC-
coupled 50-ohm load and 8; = 100 which is normally the
case, the maximum absolute voltage level as seen at the
emitter of Q; is €y max =16 V.

The maximum positive swing as seen at the load is
therefore 1.5 V. The negative-going swing from the
quiescent voltage level is a function of the quiescent cur-
rent of the device. In terms of absolute voltage the mini-
mum output voltage, e, m,, of the device with low value
of AC coupled load is:

€0 min = Vgou— [VJLRQ(Y;LM] R,
Again, assuming a typical device and AC-coupled load
of 50 ohms, e, i, =14.56 — 0.675 = 13.8 V.
The maximum linear swing with an AC coupled 50-
ohm load is therefore 1.6 V above and 0.67 V below the
quiescent voltage.

Flg. 5 Salactive ampiifisr configuration with C and L
in parallel and series connections.

It is possible to increase the swing capability of the
device in the negative-going direction when driving low-
resistance loads by increasing the quiescent current. This
may be accomplished by a DC resistive load or current
source. A 1000-ohm DC resistive load increases the
negative-going voltage swing across an AC-coupled load
from 0.67 V to 0.67 4 [(14.5 V) 50 /1000] or 1.4 V. Thus
the swing can be made symmetrical.

The three-stage open-loop gain of the SA-20 is about
900. Closed-loop voltage gain is:

Aver =0t
+AvoL B8
where g8 =R,/ (Rg+R,).

Resistors, R, and Rg, are 100 and 1000 ohms, respec-
tively. Since the quantity Ay, 8 at low and medium
frequencies is significantly greater than 1, the expression
for closed-loop gain simplifies to Aycy = 1/8 = 11. By
shunting R, or Rg with an external resistor, the gain of
the circuit can be varied. However, as shown previously,
other characteristics such as V,, and associated param-
eters are also changed by paddir.g either of these resistors.
To change the mid-frequency gain without affecting the
quiescent level, it is necessary to shunt the internal
resistor with a series RC network.

To maintain AC stability a shunt-type feedback loop
using an external capacitor is required between the
base and collector of Q,. Phase margin of a typical device
is >45° when the feedback capacitor is 3.6 pF.

The SA-20, when connected in the standard configura-
tion, as shown in Fig. 2 exhibits the characteristics
shown in Fig. 3. It can be seen that by varying the value
of the shunt-feedback capacitor, C,; the bandwidth of
the device can be varied considerably.

In the maximum-gain configuration shown in Fig. 4,
AC series feedback is removed from the circuit by shunt-
ing R, with a capacitor. With the device connected in
this manner, the shunt-feedback capacitor which is
normally connected between pin 1 and pin 2 is not re-
quired. The gain of the amplifier with all forms of AC
feedback removed, is about 60 dB up to 5 MHz. From 5
MHz to 100 MHz, the amplifier rolls off at an average
rate of — 8 dB/octave.

In the selective-amplifier configuration of Fig. 5, the
circuit functions as bandpass and notch amplifiers. Series
or parallel tuned circuits are used in the shunt feedback
loop to achieve the desired response.
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IDEAS / Mierowave Diodes

For short puise detection:
try back diodes.

High sensitivity, low video impedance and low 1/f noise
make back diodes ideal as short pulse detectors.

Microwave designers have a wide choice of devices when
it comes to video detectors. Few of these choices, how-
ever, have all of the advantages of back diodes when it
comes to short-pulse response and fidelity. Among the
features of back diodes are high sensitivity, low video
impedance and low 1/f noise.

Sylvania’s new planar germanium back diodes have all
of these features plus a few others including high reli-
ability, and improved temperature stability.

Typical values of tangential signal sensitivity range
from —56 dBm (10 MHz video bandwidth) at L-band to
—50 dBm at X-band. Low video impedance is a unique
feature of back diodes and it is obtained without the use
of any noise-generating DC bias. Impedance values in the

hundreds of ohms range are commonly obtained, and in
some cases can be as low as 100 ohms. Impedance levels
like these mean shorter time constants in the video output
circuit, which in turn means better pulse fidelity. Noise
figure is another area where back diodes shine. Even
where a substantial self-bias current or a DC bias is a
must, 1/f noise is minimal thanks to the low resistance
and inherent physical qualities of the device.

In Sylvania back diodes, ruggedness and reliability are
assured by the use of bonded, brazed and welded con-
struction. The Sylvania diodes are available in the 048
pill package that is ideal for stripline circuitry. They are
also available in other package configurations or in chip
form. CIRCLE NUMBER 304

Back Diode Electrical Characteristics

Tangential® Video
Test Signal Sensitivity Figure ot I
F (rss) Merit (Rv)
GHz —db min (M) min ohms max
D5610 2 58 400 1,000
D561 4 52 180 1,000
D5612 8 49 85 1,000
'Wideo Bandwidth = 10 MHz
M= i whare ¥ = mv/mw measured at—20 dbm In an optimized holder.
Re
1000 E——= e
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IDEAS / EL Readouts

Eleciroluminescent clocks
Wwill time Apolio fliuhts.

When astronauts head for the moon they’!l be reading
flight times from Sylvania EL displays.

A total of 46 electronic clocks have been designed and
built by Sylvania Electronic Systems for use in upcoming
Apollo missions. The clocks display hours, minutes, and
seconds on a 2 x 413 inch electroluminescent display
panel. Two clocks are used in each Apollo command
module and one is used in the lunar excursion module.

Electroluminescent readouts were selected for a num-
ber of reasons: they are not prone to catastrophic failure,
they give off almost no heat and require much less power
than conventional light sources. Since the EL readout is
a planar display there are no parallax problems when
viewed from an angle.

The clocks used in the command module are used to
keep a record of mission time and provide a reference for
activities prescribed in the astronaut’s flight plans.

The clock in the lunar excursion module will be used
to time the landing and take-off on the moon. This seven-

digit clock can display elapsed time up to 1,000 hours.

Both the clocks and the electroluminescent displays
are hermetically sealed. They are designed to withstand
extremes of shock and vibration over a temperature
range from 0°F to 140°F.

In addition to these basic clocks, the Apollo astro-
nauts will also carry a number of Sylvania electrolumi-
nescent timers. These are designed to time individual
experiments on board the lunar module. These units
display minutes and seconds on a 2 x 4 inch electrolumi-
nescent panel.

Sylvania’s electroluminescent panels are available in a
wide range of display patterns. The relative ease with
which they can be modified makes them readily adapt-
able to a wide variety of display applications.

CIRCLE NUMBER 305
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IDEAS / Manager’s Corner

How synergism brings you
new and better
circull assemblies.

A business-oriented definition of synergism might be:
*The total strength of an organization is greater than
the sum of its individual strengths.” At Sylvania
Electronic Components, this definition is continuaily
being applied to satisfy both industry needs and com-
pany objectives. Certainly, our newest addition, the
Circuit Assemblies Operation, is a perieci example of
this type of synergism at work.

The key consideration in any successful product
development, regardless of company goals or objec-
tives, must be user benefit. Put in a different way, if
our new producis don't help solve a problem for you,
then it’s just a wasted effort for Sylvania.

With our new Circuit Assemblies Operation, how-
ever, we ieel we're on safe grounds. Electronic cir-
cuitry is becoming inecreasingly more sophisticated,
and bigger performance is being demanded from smaller
systems. The result is that package design and density
have become crucial considerations to the circuit
engineer. The industry need, therefore, is for econom-
ically produced circuit assemblies manufactured with
high reliability and in high volume. And that’s what
our new operation is all about.

In addition to user benefit, however, ihere are two
other criteria that must be met. The new product
must have profitability and viability (the ability to
grow). Thus, before entering the circuit assembly mar-

ketplace, Sylvania went through severs]slages ol prod-
uct evolution.

First of all, there was an erploralion stage which
quickly showed that circuit assemblies would allow us
to optirize the total spectrum of technelogies within
Svlvania Electronic Components. This included the
capabilities to manufacture not only the basic circuit
boards, single, double sided or multilayer, but also
integrated circuits, diodes and rectifiers, hybrid thick-
film circuits, and even vacuum tubes. These capa-
bilities provide a giant step toward the concept of
added value.

Then, a screening stage proved the idea to be perti-
nent enough to merit further study. Next was a
business analysis stage which confirmed that the ex-
plosive growth in electronic hardware had established
significant trends in the circuit assembly business.

Then development, festing, and commercialization
were undertaken. In this case, these stages were easily
achieved since a full-scale circuit-board facility was
already operating as a feeder plant to Sylvania Elec-
tronic Systems. It was simply a matter of taking their
products to the customer. And thai's being accom-
plished by the efforts of the Sylvania Electronic Com-
ponents sales force.

With circuit assemblies, therefore, the synergistic
effect has combined the efforts of a number of strong
elements within the Sylvania Electronic Components
group to produce a new and better product line for you.

But the synergistic part was the easiest part to
achieve—it was already there.

(Pl L
-y @ -.,A/
P K Packard
Product Marketing Manager, Circull Asssmblies

This information in Sylvania Ideas is furnished

without assuming any obligations.
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Now! Get 225 MHz for less than $2K
and add 3.3 GHz for less than $1K!

But how does the competition look?

GREEN!

Who else offers a counter that provides frequency measure-
ments up to 225 MHz for only $1975, plus the options of
two plug-ins to boost the range to either 1.3 GHz for $775
or to 3.3 GHz for only $825? That’s what you get from
CMC with the Model 616 Counter and the new Models 631
and 635 Heterodyne Converters. But that’s not all.

Look at the rugged portable design of the CMC Model
616, with its sturdy valise grip and its solid well-balanced
frame. Here’s an instrument that’s equally at home in the
lab, on the production line, or in the field. You can rack
mount it, too. And its all-silicon solid-state circuitry gives it
an extended operating range from —20°C to +55°C.

Already a popular workhorse, the 616 is in common use
for alignment of frequencies in UHF communication links,
for calibration of high frequency signal generators, for

Electronics | November 11, 1968

direct monitoring of radio/TV transmitter carrier frequen-
cies, and for production checkout of radio transmitters. But
now, with the addition of two great heterodyne converters —
and a TIM plug-in if you want it — here’s a low-cost, port-
able family that’s hard to beat for application versatility!

For the full specs on the counter and plug-ins, just circle the
reader service card. And to arrange for a demonstration,
contact your local CMC representative.

CIMIC

A Division of Paclfic Industries

12970 Bradley/San Fernando, Calif. 91342/(213) 367-2161/TWX 910-496-1487

Circle 43 on reader service card 43



How to select the best DVM
in the medium price range:

HP 3440 SERIES FAIRCHILD 7000 SERIE-

TO MEASURE DC VOLTS

price
ranges
overranging
accuracy—

24 hours
3-month stability
noise rejection

$1295
3
5%

05% r. £ .01% f.s.
.05%

$1275
4
20%

01%r.+ 01% fs.
not specified

common mode, 60 Hz 30-70dB not specified
normal mode, 60 Hz 30 db 30 dB
input resistance —10-volt range 10.2 megohms 1000 megohms
TO MEASURE MILLIVOLTS
price $1610 -
accuracy—100 mV 0% r. £ .05% f.s. e
3-month stability .05% —
input resistance 10.2 megohms —
common mode noise rejection ,_]QOdB L
autoranging—100 mV to 1000 V yes -
TO MEASURE AC VOLTS (100 kHz)
price $1775 $1725
ranges &) 4
basic accuracy 0% r. + .02% f.s. 0% r. £ .02% f.s.
auto ranging no yes

common mode noise rejection

not specified

not specified

TO MEASURE OHMS

price $1525 (incl. $1385
mV and current)
ranges 5 5
basic accuracy 30%r. £ .01% f.s. 05% r. £ .02% f.s.
max. voltage across unknown 1. 1.2v
MULTIMETER CAPABILITY
price - $1895
functions = dc, ac, mV,ohms,
current
source of data catalog—1968 #1000 - 8/67
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NLS X2 SERIES

DANA 4400 SERIES

$1180
3
20%

02%r. + 01% f.s.
not specified

(100 dB)
30dB
10 megohms

$1150
T
20%

1% 1. + 01%fs.

B
(100 dB)
80 4B )

77000 megohms >
S

$1630 (incl. ohms)
.06% r. £ .05% f.s.

ot sggified
100 megohms ™

k $1 395‘

( 01/r e 01/?5\

» 71‘(—5_0" gohms
not specified fTﬁb‘dE’“
no ( yes )
$1480 $1450
4 s >
C.05% r. + .02% f.s.) 0% r. + .02% f.s.
yes ' yes
not specified 60 dB

$1630 (incl. mV)

$1795 (incl. mV and ac)

5 5

02% r. + .06% f.s. D% + 02/‘73«

16v 1 2v

$2200 ($17957
b “dc, ac, mV, ohms, m'c.mv.ohms
\.__current, M

\——

#002 - 6/67 catalog - 1968

Electronics | November 11, 1968

-------------------------

The rest of the series 4400 specs are in our new brochure along with those

on all the Dana pvm's. A letterhead request will get you a copy.

Dana Laboratories, Inc., 2401 Campus Drive, Irvine, California 92664.

D
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25winners
In our collection of op art

nobody, but nobody makes more discrete op amps than Philbrick/Nexus

Philbrick/Nexus is avant-garde in operational
amplifiers. Covers the spectrum of op amp
capabilities — from mini-cost to maxi-perform-
ance. Standard products, as well as mixed
products, match your needs economically. Use
them. They’ll color you bright. Op art master-
pieces like these are but a few of the total
Philbrick/Nexus exhibit:

Economy Grade

SQ-10A — MINI-PRICED, but a top performer
in general purpose applications. Only $10.50
each in hundred quantities.

QFT-5 — LOWEST PRICED FET. General-
purpose performance, low leakage. Only

$15 each by the hundred.

1009 — LOW COST, HIGH PERFORMANCE
FET. Input impedance 10'? ohms. Input bias
current 5 pA. Priced at $20.50 each in quantities
of 100.

General Purpose

CIA-2 — LOW PROFILE, HIGH PERFORMANCE.
Thick-film hybrid, 80,000 gain, £5uV/°C input
voltage offset.

$Q16 — HIGH PERFORMANCE. Gain 150,000,
*5mA guaranteed minimum output at

*11 volts. Low noise, T4V rms broadband.

Q102A — ULTRA-HIGH PERFORMANCE. Gain
200,000, £2uV/°C input voltage offset typical
at —25 to +85°C. Internally trimmed to
0.5mV max.

QFT-2 — TOP-GRADE PERFORMER. Gain
200,000, slew rate 10V/usec, 10 pA input

bias current,

Q103A — HIGH INPUT IMPEDANCE, LOW
BIAS CURRENT. Input voltage offset =2uV/°C.
Only $25.50 each by the hundred.

High Reliability

Q10A — ALL-PURPOSE TOP-GRADE. —55°C to
100°C operating temperature range.

P65A — PREMIUM GRADE. Wide application
usage, proven performance, low broadband
noise TuV.

CDA-3A — PROVEN PERFORMANCE. Input
bias current 1nA, differential input resistance
2 megohms.

Q25AH — WIDEBAND FET HYBRID. 600,000
hours of operation with no failures. Small size
TO-8 package, hermetically sealed.

Wide Band

PP45U — 100 MHz BANDWIDTH. Slew rate
200V/usec. Excellent for broadband inverter
applications.

1016 — FAST, HIGH POWER. fp>1 MHz. Full
output of =10V, =100 mA to 1 MHz. CMRR
100,000. E.: T.C. is 10uV/°C. A. at 750,000.
1011 — LOW PROFILE, FAST SETTLING TIME
FET. 15 MHz bandwidth, slew rate 70Vv/usec.
Delivers £11.5V output. Settles in 1.5 usec
to.01%, 0.4 inches high max.

Universal

ESL-1 — WIDE SUPPLY VOLTAGE RANGE,
=8 to £16V. CMRR 1,000,000:1, common
mode input resistance 1.5 G ohms.

USL-1C — HIGH STABILITY. Wide range of
supply voltages from %8 to £26V. Input
voltage offset £1uV/°C. Low drift.

High Voltage

MLF-100 — =100 VOLT OUTPUT at 1T0mA.
FET input amplifier. Short circuit protected.

Micro-Power / Low Voltage

Q-200A — BATTERY OPERATED. =50uA
quiescent drain. Ideal for OEM battery oper-
ated and airborne instrumentation.

1402 — MICROCIRCUIT FET HYBRID. Bias
current 5pA. Input impedance 10'* ohms.
Output =14V, =5mA. Supply voltage from
*4 to £24V. Quiescent current =0.5maA. In
TO-8 case, hermetically sealed.

High Performance

1003 — LOW-NOISE FET. 3,000,000:1 CMRR
*1uV/°C input offset voltage +10°C to +60°C.
Uses hermetically sealed active components.
1700 — LONG-TERM STABILITY. Input voltage
offset =015uV/°C. Full output to 1.2 MHz. Gain
10°. Long-term stability .2uV per day.

1018 — ULTRA-LOW DRIFT. Gain 1.5 meg Ex
0.5uV/°C and lpia: .02nA/°C.

Monolithic IC’s

§-52 — LOW, LOW COST IC. Easy to stabilize.
Dual in-line package. $5 each in quantity.
T-52 — A REAL BUY. Same as $-52, but in
TO-5 package. Same low price.

Your Best-Of-Show selection brings with it, at
no extra cost and available nowhere else —
unequalled integrity resulting from superb
artistry in things analog. For other op amp
prize winners, too numerous to mention, con-
tact your Philbrick/Nexus sales representative
for complete specifications, prices and applica-
tions assistance. Or write, Philbrick/Nexus
Research, 22 Allied Drive at Route 128,
Dedham, Massachusetts 02026.

A PHILBRICK/NEXUS RESEARCH

A TELEDYNE COMPANY
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Everyone talks
correed reliability,




here’s the way it looks.

Switches under glass.

The heart of every AE correed is a reed switch
consisting of two overlapping blades. For protec-
tion, we seal them inside a glass capsule. But only
after we pull out all the dirty air and pump in a
special, pure atmosphere. That way there’s no
chance of contact contamination or oxidation. Ever.

Notice our terminals are one piece. A special
machine delicately forms them to precision toler-
ances. It’s a lot of work, but one-piece
terminals have dis-
tinct advantages over
the two- and three-
piece kind.

For one thing, there’s
no extra joint so you’re
always assured of a positive
contact. Also, one piece
terminals are more reliable when the correed is
used to switch low-level analog signals. That’s be-
cause thermal EMF is reduced to practically zero.

A different kind of bobbin.

Since we go through so much trouble with our
correed capsules, we designed a special bobbin to
protect them.

It’s molded of glass-filled nylon. (You know
how plastic chips and cracks.) Moisture and hu-
midity have no effect on this stubborn material.
No effect means no malfunctions for you to worry
about. No current leakage, either.

Running the full length of the bobbin are a
series of slots. They pamper the capsules and keep
them from getting damaged or jarred.

And to help you remember which
terminal is which, we mold the terminal
numbers into the end of the bobbin. You can
read them at a glance.

Little things mean a lot.

Reliability means that we pay attention to the
little things. Like the tiny pressure rods we use
in every miniature correed. They’re placed at

each end of the bobbin, across the one-piece ter-
minals. What they do is prevent stresses from
being transmitted from the terminals to the reed
blades. This keeps the contact gap right on the
button. All the time.

The contacts are normally open. To provide
them normally closed, we employ another little
device—a tiny magnet. It’s permanently tucked
into a slot next to the reedcapsule. The magnetic
action keeps the contacts normally closed.

Coiled by computer.

Once all the parts are secure in the bobbin, we
cover them with protective insulation. Around
this, we wind the coil. You can be sure the coil
winding is correct. It was all figured out for
us by computer.

Our next step is to protect the coil.
We do that with more protective

insulation.

A coat of iron.

On top of the insulation goes a layer
of annealed iron. It acts as a magnetic shield and
minimizes interaction between coils. Also, it im-
proves the sensitivity of the entire unit. A coat
of iron is standard on all AE correeds.

Finally comes super wrap.

To wrap it all up, we use some very special stuff.
A layer of mylar laminated material.
It’s so tough we guaran-
tee it to withstand all
cleaning solvents
known to man.

It’s attention to detail that helps us keep our
miniature relays miniature. Now we’re just wait-
ing to show you how perfectly it measures up to
your specifications. Automatic Electric Company,
Northlake, Illinois 60164.

AUTOMATIC ELECTRIC

sussioiARY oF GENERAL TELEPHONE & ELECTRONICS
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Cimron’s environmental

multimeter is a pretty insensitive brute

To abuse, that is! Not that we actually took a
club to it, but no ordinary multimeter could take
the punishment it has and still run, let alone pro-
vide accurate measurements. Built to meet Mil
Spec T-21200F, Class 3, this instrument is rugged
enough to give you lab precision anywhere from
the arctic to the jungle. And it’s the second gen-
eration design. Over 300 first generation models
are now in use in harsh environments around the
world. Certified test data show it has an accuracy

of .001%Z ES. +.005% of reading, can take a 15g shock,
vibration up to 55 Hz, and run through extremes
of temperature and humidity. 6 digits, including
10% overrange. Solid state logic tracks as fast as
the voltage changes; response time is faster than
100 milliseconds. And with it goes all of Cimron’s
customer concern — the technical support that
helps you get all the performance it can give. For
details on Model E4600, write to Cimron®, Dept.
C-114, 1152 Morena, San Diego, California 92110.

)

LEAR SIEGLER, INC.
CIMRON DIVISION
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Go 90-Watt
Plastic In Your
General Purpose,
Silicon Power
Designs!

You can set new standards of economy and perform-
ance in the power transistor portions of your system
designs with the new, MJE3055 Thermopad* silicon
power transistor metal-spec’d but plastic-packaged
version of the popular, general-purpose 2N3055.

The 12 A, 60 V NPN device furnishes a full 90 watts
of power through an exclusive, direct, chip-to-heat-sink
thermal path of only 0.030” — first power transistor to
break the higher-wattage, plastic-package barrier. Beta
is spec’d at two points, too, affording the engineer a
complete picture of its high-gain capabilities.

For those wanting a fast, economical switch the
MJE3055 offers high frequency response and good
switching time. The unit is also ideal for series and
shunt regulators and high fidelity amplifiers and
exhibits excellent beta linearity over its entire operating
temperature range.

$1.00t buys the new MJES3055...a call to your
franchised Motorola distributor puts one on your proto-
type workbench the same day!

Eighteen other rugged and reliable Thermopad
plastic power transistors — including the broadest line
of NPN/PNP complementary pairs for cost-cutting,
circuit-simplifying, direct-coupled designs — are also
available from your Motorola distributor. Write Box
20912, Phoenix, for data sheets on Motorola Thermopad
plastic silicon power transistors — then design them in!

90 W Power Dissipation

e [ Vo [ M@ [ Veew |

Type Polarity | (Cont)|  (Sus) le le Ml;

A v {min) (max) £

MIE3055 NPN | 12 80 22%13: 11@4h | 2
N PR

40 W Power Dissipation

2N5190, 91 & 92 | NPN
2N5193, 94 & 95 | PNP 4 140,60& 80| 25@ 1.5A |06 @ 1.5 4

30 W Power Dissipation

2N4918,19 & 20 [ PNP
2N4921. 228 23| PN 3 |40,608 80| 20@05A | 06@ 1A | 3

*Trademark Motorola Inc.
$100-up

MOTOROLA

Power Transistors

~ where the priceles ingredient & cane!
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Correlation functions occupy a cardinal position in
modern information theory and are basic to the analysis
of random or periodic processes and the complex sig-
nals they produce. In many application areas, autocor-
relation analysis allows noisy periodic or random signals
to be defined, whereas crosscorrelation can determine
the degree of conformity between two different noisy

Investigate signals as a function of their mutual delay.

PAR™ Models 100 or 101 Correlation Function Com-

Random or puters simultaneously compute 100 points of the auto-

or crosscorrelation function in real time over delay

PGI‘iOdiC spans from 100 microseconds to 10 seconds. The Model
101 includes the capability for insertion of fixed delay

increments ahead of the 100 computed points of the

Processes function, thereby providing greatr:ar resglution. The
] correlation function readout which may be obtained
Wlth continuously as it is computed, is available at various

rates consistent with the speed of the external readout

Correlatlon device, e.g. oscilloscope or X-Y recorder.

Vibration analysis, radio astronomy, laser research,

[ ]
FunCthIl geophysics, radar, plasma physics, aero- and hydro-

dynamics, and biophysics are only a few of the fields
Computers where correlation techniques are useful.

Price of the Model 100 is $8,500. The Model 101 is
priced at $9,500 to $12,900. Export prices are approxi-
mately 5% higher (except Canada).

For additional information, write Princeton Applied
Research Corporation, Box 565, Princeton, New Jersey
08540 or call 609-924-6835.

I CORRELATION FUNCTION COMPUTER
#ODEL 101

CHANNEL
)

— SIGNAL A DEEAY IANGE =

o.a. 10AD ~

READOUT
® i

I~y

COMPUTATION
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Integrated electronics

High-voltage IC’s

Breakdown voltages in integrated
circuits are generally limited to
about 50 volts for two basic rea-
sons. Positive charges in the sur-
face oxide pull electrons toward
the surface, reducing the resistivity
of the internal silicon and thus low-
ering its breakdown voltage. And a
high-resistivity n epitaxial layer
can be grown on a p substrate only
with great difficulty; this makes
high breakdown voltage hard to
achieve even without the surface-
charge problem.

But the Signetics Corp. has
found ways of circumventing these
problems and has developed IC’s
that won’t break down even at 300
volts and more.

The company will begin market-

ing its high-voltage circuits around
June of next year as video ampli-
fiers and deflection amplifiers. By
the end of next year, the IC’s will

BASE. EMITTER DEPLETION LAYER COLLECTOR $i0; Repulsion. lonic
\ ( L» + + b+ 4 ’ charges in the SiO;
y N® ' N layer at the surface
< ; of a planar device
“““““““““““ = (top) increase
1 NNNN the electron

EMITTER
FIELD PLATE -

DEPLETION LAYER COLLECTOR

7+ ++ P

concentration there,
resulting in low
breakdown voltage.
A metallic field
plate, however,
pushes the
depletion layer
deep into the
device, where
breakdown occurs
at a much

higher voltage.

DIELECTRIC ISOLATION

<—Circle 52 on reader service card

Selective. Signetics
anisotropic etching
process removes
silicon selectively,
along certain
crystal planes.

Starter. Signetics
first high-voltage
IC will be a video
amplifier. In this
development
version the
operating voltage
is 150 volts and
the gain is 50. The
frequency response
extends to 7
megahertz, and the
total power
dissipation is 300
milliwatts. The red
indicates isolation
channels.

be offered as operational amplifiers
and regulators.

In the bulk. Signetics avoided
the surface-charge problem by de-
signing a “field plate” structure on
the surface. The field plate is con-
nected to the most negative poten-
tial available to neutralize the posi-
tive oxide charge. It therefore pre-
vents electrons from accumulating
at the surface; breakdown occurs
in the bulk and at a much higher
voltage.

To get high-resistivity n material
on a p substrate, Signetics adopted
dielectric isolation. With this proc-
ess, the collector region is formed
from grown and refined silicon,
rather than epitaxial material, so
that it’s possible to get an almost
defect-free region of virtually any
desired resistivity.

The company uses an anisotropic
etchant to isolate the components
on the silicon chip; the widths and
depths of the isolation channels
are precisely related to the widths
in the mask pattern because the
etchant attacks the silicon only
along certain crystal planes.

Less power. The high-voltage
IC’s will consume less than a third
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the power of the discrete circuits
they’ll replace, according to Leon-
ard Brown, marketing manager for
linear IC’s.

The industrial and consumer
markets will be the primary targets.
Signetics attaches particular im-
portance to color tv, a market IC’s
haven’t been able to penetrate ex-
tensively because of their voltage
limitations.

“Now,” says Brown, “we can eco-
nomically make high-voltage mon-
olithic circuits with enough passive
devices to get high-frequency per-
formance.”

He sees as a suitable application
any high-voltage display system
in which the cost of discrete de-
vices and a surfeit of external com-
ponents have created insurmounta-
ble design limitations.

Electronics Index of Activity

High-gain transistors

If the emitter of a transistor on a
monolithic integrated circuit is dif-
fused deeply into the base, the
transistor will have extremely high
current gains, of around 5,000—
even at collector currents of less
than 1 microamp. This is 10 times
the gain of discrete transistors. But
because the collector and the emit-
ter are nearly shorted in this so-
called “punch-through” transistor,
it has a breakdown voltage as low
as 5 volts. Designer Robert J.
Widlar of National Semiconductor
has devised a way of using the high
current gain while sidestepping the
low breakdown voltage.

At the Northeast Electronics Re-
search and Engineering Meeting
(Nerem) in Boston last week, Wid-
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1966 1967 1968
Segment of Sept. Aug. Sept.
industry 1968 1968* 1967
Consumer electronics . . 105.8 104.1 109.2
Defense electronics . .. ... ... .. 166.4 162.1 153.1
Industrial-commercial electronics . 121.7 121.6 118.5
Total industry . .. .. .. ........143.0 140.4 135.5

Electronics production advanced 2.6 points in September from August
and 7.5 points from September 1967. The largest gain was in defense
electronics: for the month the gain was 4.3 points and for the year 13.3
points. The consumer index advanced 1.7 points in the month but fell
3.4 points in the year. The industrial-commercial index inched up 0.1
point in September and rose 3.2 points from 1967.

Indexes chart pace of production volume for total industry and each segment.
The base period, equal to 100, is the average of 1965 monthly output for each
of the three parts of the Industry. Index numbers are expressed as a percentage
of the base period. Data is seasonally adjusted.

* Revised

lar described an operational ampli-
fier with four transistors in the in-
put stage: two bootstrapped high-
beta primaries, operated at zero
volts, cascaded with two high-
voltage secondaries. The technique
takes advantage of the high gain
of the input transistors and uses it
to get a high voltage from the
secondaries.

Widlar says an op amp designed
with this type of input stage could
provide an input current two to
three orders of magnitude lower
than those of present designs.

Low input. The point is to allow
the op amp to operate at extremely
low input currents, so as to mini-
mize offset voltage in the differen-
tial input stage, yet still produce
sufficient current at the output.

Junction field effect transistors,
which have excellent current gains,
are widely used in discrete op
amps, but they are extremely diffi-
cult to match on an IC chip. Bipolar
transistors match very well, but
they have low current gain at low
currents.

Widlar points out that bipolars
can be made with high gains if one
is willing to live with the low
breakdown voltage. “It is interest-
ing to note that transistors that
have been driven into punch-
through exhibit less fall-off of cur-
rent gain at low collector currents,”
he says. “This probably happens
because there is a large difference
between the emitter-base turn-on
voltage in the bulk near the collec-
tor-base junction and the turn-on
voltage near the surface. A greater
difference in these voltage reduces
the collector current at which the
fall-off occurs.”

Widlar has already designed a
circuit using this design, and it has
been marketed by National for
nearly a year. This is the LM102,
a high-impedance op amp designed
for unity-gain voltage-follower ap-
plications [Electronics, Jan. 22,
p. 173]. But Widlar has not yet put
the new input stage into a general-
purpose op amp; the Nerem paper
is the first clear indication that he
intends to.

Last month, National cut the
price of the LM101l, Widlar’s im-
proved version of his 709, by 50%.
At the same time, the company in-
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troduced a new op amp, dubbed
the LMIOIA; it sells for the same
price as the old 101, but perform-
ance over the entire military tem-
perature range has been drastically
improved. The 709 and the 101
have input offset current of 500
nanoamps, bias current of 1,500
and offset voltage of 6 millivolts;
in the 101A, the values will be
20-na offset current, 100-na bias
current, and 3-mv offset voltage.

Sticky and tricky. “To go from
the 709 to the 101A was a matter
of improving the process,” Widlar
says. “But to do more merely by
raising transistor current gains is
sticky. You run very quickly into
the tradeoff transistor current gain
and breakdown voltage.”

Fabrication of the chip requires
an extra processing step, since the
transistors are made with separate
emitter diffusions—one deeply dif-
fused for high current gain and the
other with a normal diffusion for
breakdown voltages above 50 volts.

However, Widlar points out, the
processing itself is much less criti-
cal than for a conventional design,
since the diffusion need not be so
closely controlled. Pushing current
gains at the expense of breakdown
voltage can lead to some very
tricky diffusions, Widlar says, since
there is a danger of going into
punch-through unwittingly. Eli-
minating the tradeoff also eases
the diffusion tolerances.

National is mum on when a suc-
cessor to the 101A can be exnected,
but in his Nerem paper, Widlar
oredicted that the primary applica-
tion of punch-through transistors
in 1C’s would be in general-pur-
pose op amps. With a year’s experi-
ence on the 102, National may not
have to delay too long on the gen-
eral-purpose circuit.

lon-implant serendipity

A dash of serendipity went into
the recipe that has put Hughes
Aircraft within reach of using ion-
implantation techniques to produce
metal oxide semiconductor field ef-
fect transistor arrays [Electronics,
Oct. 14, p. 33].

The happy tale is told by Rob-
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ert Bower, manager of the appiied
solid state research department at
the Hughes research laboratories,
Newport Beach, Calif. By coinci-
dence, a strong effort to improve
MOS FET and microwave devices
was under way at the labs simul-
taneously with an ion-implantation
program. During the work the lab
realized that MOS FET’s happened to
be a good vehicle for ion implan-
tation because they have a single
p-n junction. They don’t require
the complex dopant profile needed
for double-junction devices such
as bipolar transistors.

Barring breakdown. Bower says
Hughes has overcome many of the
problems that caused others to de-
spair of mastering ion implanta-
tion through a good silicon dioxide
layer. These problems included im-
planting at room temperature or
below; damaging the oxide, caus-
ing disturbed passivation charac-
teristics; and charging the surface
of the p-channel devices positively
to a very high voltage, causing it
to break down.

Hughes implants boron ions at
100,000 volts and temperatures of
250° to 350°C, then anneals out
any implantation damage in the
silicon crystal structure by soaking

wafers at 550°C for a few min-
utes. “We also pin the surface po-
tential—prevent it from charging
positively—by showering the whole
surface with low-energy electrons,”
Bower explains. Many more elec-
trons than boron ions arrive at the
surface, he notes. But the neatest
trick—using the gate as the source-
drain mask—is the step that en-
sures full compatability with pro-
duction techniques.

Using diffusion alone, three
masking operations are required to
diffuse the p+ source and drain
regions into the p-type silicon at
high temperatures—about 1,100°C.
Then the oxide layer is grown at
a slightly lower temperature, and
a fourth mask is used to form the
gate that covers the p-type chan-
nel between the source and drain.
Bower notes that with conventional
diffusion the aim is to keep the
gate narrow enough (5 microns is
recommended) to minimize stray
capacitance between the gate and
channel.

Excess capacitance. But inter-
mask tolerances are such that the
gate must overlap the source and
drain by 5 to 8 microns to be sure
of covering the entire channel. As
a result, parasitic capacitances
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from gate to source and gate to
drain are as great as that between
the gate and channel.

“You have three times the ca-
pacitance needed, degrading de-
vice performance,” Bower says.
“But things get worse. When you
operate a three-terminal device,
there’s a voltage gain that multi-
plies the capacitance between the
gate and drain. This is the Miller
effect, and the voltage gain on the
average circuit is two, so that a
typical high-quality MOS FET made
by diffusion alone has five times
the input capacitance needed,” he
says.

In the Hughes method, the p+
regions that will form parts of the
source and drain are diffused in,
and the gate oxide is grown in the
usual way, but the mask spaces
the p+ regions 15 microns apart,
instead of 5 as in MOS FET’s made
by diffusion alone. The gate oxide
is then selectively removed over
parts of the diffused source and
drain to allow formation of the
gate electrode and source-drain
metallic contacts, so that metaliza-
tion takes place before implanta-
tion. Although the gate is only
about 5 microns wide, it acts as
a mask, and when boron ions bom-
bard the structure, they penetrate
the exposed oxide region and form
a p-n junction about 0.4 micron
deep into the channel region.

Faster devices. With ion implan-
tation, there is virtually no lateral
spread of the dopant as there is
with diffusion. This means that the
junction has the exact dimensions
of the mask. There is no overlap
of the gate over the source and
drain areas, and consequently no
parasitic  capacitance between
source and gate and drain and
gate. The source and drain are ex-
tended during implantation beyond
their diffused-in dimensions, but
only to the edges of the gate act-
ing as a mask.

By combining diffusion and ion
implantation, then, Hughes can put
the gate down before implantation
and after all diffusion has taken
place. This makes implantation and
annealing the last steps before
wafer passivation and dicing, and
because implantation is done at
low temperatures, a normal gate
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metal, such as aluminum, can be
used.

The input capacitance is cut to
a fifth of that occurring with sim-
ple diffusion. Hughes’ studies show
that reducing parasitic capacitance
will make MOS devices—shift reg-
isters, large-scale integrated arrays,
and commutator switches—three to
five times faster than devices made
with simple diffusion. About 100
ion-implanted MOS FET wafers
have been processed. Tests with
an MOS integrated-circuit ring os-
cillator showing average propaga-
tion delays per stage of 4 to 4.5
nanoseconds for diffused and ion-
implanted devices—versus 20 to 25
nanoseconds for devices made by
diffusion alone—lead Bower to pro-
ject a speed of 30 megahertz for a
dual 25-bit, two-phase MOS shift
register within six months. Today’s
best speed is about 10 Mhz.

Bower says an ion-implantation
machine costing $30,000 to $35,000
that’s much simpler than the en-
gineering model in use now will
put the Newport Beach facility into
production with ion-implanted MOS
circuits next year.

Displays

Controlling the view

Almost four years ago, the Elec-
tronic Systems division of Sylva-
nia Electric Products got a con-
tract from the Air Force’s Rome
Air Development Center for a flat-
screen display. The model, using

EL display. This
114-inch-square,
100-unit display
may be the fore-
runner of 10-foot-
square models.
Larger displays
could have as many
as a million units.

tiny electroluminescent panels,
was to prove the feasibility of dis-
plays 8 to 10 feet on a side [Elec-
tronics, July 25, 1966, p. 144].

Now the Needham, Mass., oper-
ation has delivered, and though
the EL array is only about 1%} inch
square, Joseph L. Hallett, display
and simulation laboratory section
head, says it convinces his men
that large displays could be made
—perhaps at about 40 cents per
glowing element.

Diode drawbacks. The military
is trying several routes toward
large-screen display technology,
among them laser, film, and cath-
ode-ray-tube projection systems.
According to Hallett, such systems
are costly to operate and main-
tain. And the space required for
their projectors and projected
beams, he says, makes them “just
about impossible for airborne con-
trol centers.”

“For alphanumeric data, a wall-
screen, random-access, dot matrix
display is most practical,” says
Hallett. This includes not only Syl-
vania’s EL scheme but also diode
displays. Failures of light-emitting
diodes, however, tend to be cata-
strophic, while EL elements dim
gradually, says Hallett. What's
more, he points out, the high cur-
rent densities diodes require make
for interconnection problems, es-
pecially if the display is to be
built in an IC-like format. Finally,
he adds, it’s not always possible
to get a desired color with diodes.
“Some display schemes even use
an image converter to change the
diodes’ output to visible radiation,
and that’s costly and inefficient,”

P
a
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“Ministic,
the high voltage

A new device technology developed at
Semtech Corporation has revolutionized
the multi-junction rectifier. This break-
through has greatly improved reliability
and lowered costs.

Discrete multi-junction devices and sticks
made up of such devices are now suited
for previously impractical applications.
They can compete directly with vacuum
tubes and selenium sticks.

Typical applications include focus recti-
fiers, rf power supplies, power supplies
for CRT’s and image tubes, and especially,
state-of-the-art voltage multipliers of all
types. This breakthrough involves the
internal construction of multi-junction
rectifiers allowing for a corona free pack-
age with minimum voltage gradients.
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silicon
rectifier for
the engineer
who wants

more of
a good
thing.

Enlarged unretouched photograph showing
multi-chip junction construction.

“Ministic” specifications include:
Peak Inverse Voltages. .. 10 kV to 40 kV

Average Rectified Current. ... .. 5.0 mA
One Cycle Surge Current. .. ... 2 amps
Reverse Current @ PIV. .. ... .. 100 pA

Forward Voltage @ 10 mA.. 30V to 120V
25" D x 1.125" to 4.275" L
Available with 100 ns. reverse recovery time.

“Ministic” incorporates junctions metal'urgi-
cally bonded at high temperature producing
a high-strength multi-junction unitary stack.
This process allows Semtech to use the
Suprataxial junction (liquid phase epitaxial)
proven to be superior for high-voltage, fast-
recovery devices. This is an extension of
the technology employed in the Semtech
“Ministac” availat'e in voltages from 3 kV to
7 kV. For more about “Ministac,” get your
copy of “Ministac — Design Freedom with
New High Voltage-Low Current Rectifiers.”

Available in large quantities —
see your Semtech representative.

San Francisco—941 E. Charleston, Suite 10, Palo
Alto, California 94303 / (415) 328-8025
Chicago—140 N. La Grange Road, La Grange,

Hlinois 60525 /(312) 352-3227 / TWX: 910-683-1896
Dallas—402 Irving Bank Tower, Irving, Texas 75060
(214) 253-7644

New York—116-55 Queens Bivd., Forest Hills,

New York 11375/(212) 263-3115/TWX: 710-582-2959
European Sales—Bourns A. G. Alpenstrasse 1,

Zug, Switzerland / (042) 4 82 72/73

SEMTECH"

CORPORATION

652 Mitchell Road, Newbury Park, California 91320
(805) 498-2111, (213) 628-5392 / TWX: 910-336-1264
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the Sylvania official adds.

Sylvania’s display has had prob-
lems of its own. Most deal with
control of the EL units—singling
out one while keeping others off;
making sure the display stays lit;
switching the high voltages needed
while minimizing leakage during
the off state.

Few connections. Sylvania tried
five circuit designs before settling
on one that met the criteria: the
fewest external connections, the
fewest power supplies, and the
lowest power consumption. The
final circuit (there are 100 in the
model, one for each EL unit) has
only four connections: two for ad-
dress, one for B+ current, and one
for the EL unit. Control and
switching are handled by a pair
of silicon controlled rectifiers—one
high- and one low-voltage—plus
four resistors and two zener di-
odes. Making this circuit was the
toughest problem; the 100-element
panel was adapted from the com-
pany’s standard product line.

The high-voltage SCR must have
low leakage, because the EL units
use about 250 volts a-c but only
about 200 microamps in the on
state.

With such a small current re-
quirement, leakage through the
SCR would have let unused ele-
ments glow, reducing contrast.
Hallett’s group estimated that it
could allow only 2 picofarads of
leakage in the high-voltage switch.

Good isolation. The engineers
rejected diode isolation as having

too much short-circuit potential.
Oxide isolation would have re-
quired moats on the chip 7 or 8
mils deep and wide. They finally
settled on beam leading for both
the high-voltage SCR and the other
circuitry. The beam-lead format
resulted in good isolation and, by
getting the SCR out of its package,
reduced parasitic capacitances.
“This is a unique SCR,” says Hal-
lett. “It has no commercial coun-
terpart.”

The circuit that controls it is
also beam-leaded. This time, break-
down voltages of only 7 to 9 volts
are enough, so all the other com-
ponents of the circuit (zeners, low-
voltage SCR, and so forth) can be
put in one IC and assembled on an
alumina substrate with the high-
voltage switch to form the control
circuit.

This circuit depends on pulses
of opposite polarity sent to the
two address inputs of the IC.
These pulses indicate the x and y
coordinates of the EL panel to be
lit. The control circuitry ignores
any x pulse without a simultane-
ous y pulse at the other input, so
only the desired EL panel is lit.

The x and y pulses’ relative po-
tential exceeds the zemer voltage
for the diode pair in the gate leg
of the low-voltage SCR. This trig-
gers the switch, which in turn trig-
gers the high-voltage device. To
keep from having to “refresh” the
display, Sylvania used a latching
arrangement. B4~ current holds
the high-voltage switch on until
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In command. In the control circuitry for the electroluminescent display, beam-
lead IC's and SCR's on this hybrid pick one of 10 EL units, switch on the high
voltage needed to make it light up, and keep the display refreshed.
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two simultaneous erase pulses ap-
pear at the address inputs to turn
off the low-voltage SCR, and thus
the high-voltage one.

On view. Hallett’s group had
set goals of a 15-microsecond
switching time and a display
brightness of 20 foot-lamberts. The
model exceeds both marks; switch-
ing takes 3.6 microseconds at
worst, while brightness is easily in
the 35-to-40-foot-lambert range—
enough for easy viewing in a
lighted room.

Part of Sylvania’s task was price
prediction for large displays, per-
haps with a million EL units. Hal-
lett figures that EL displays could
be made for 40 cents per unit—
including the control circuits. To
reach this price, he would com-
bine the control IC and the high-
voltage SCR into a single beam-
lead chip, and perhaps adapt the
EL panel for duty as a hybrid sub-
strate. Thus a future display might
have EL units on one side of a
single substrate and control cir-
cuitry on the other.

The Air Force, however, would
like a cost of about 10 cents per
unit. Hallett doubts that any pres-
ent technique can reach this level
but says batch processing and
monolithic fabrication are being
studied to find out how much they
would cut costs.

Packaging

Fairpak finale

The new boss of integrated-circuit
production at Fairchild Semicon-
ductor is former Motorola executive
Eugene Blanchette, and—in the
Motorola tradition—he has already
taken drastic steps to cut costs
and boost volume. One of his first
actions upon moving to Fairchild
was to stop production of the Fair-
pak, the flip-chip package that had
defeated all cost-cutting attempts
since the company introduced it
nearly two years ago. Then last
month, in an unrelated action,
Blanchette hired John Husher, an
IC production specialist, away from
Sprague Electric’s semiconductor
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King Radio needed:

capacitors that stay reliable even
with extreme cold, humidity

and vibration.

So King Radio ch(l){se: capacitors

Strict aircraft safety standards require
the most reliable navigation equipment
available. That’s why King Radio Cor-
poration uses capacitors of MYLAR*
for their Distance Measuring Equip-
ment. MYLAR can take temperature
extremes from -60° to 4+150°C;
MYLAR remains constantly stable un-
der humid conditions.

®OU PONT’S RESISTERED TRADEMARK FOR (TS POLYESTER PILM.
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But reliability
isn’t the only reason King Radio chose
MYLAR. The extremely high dielectric
strength of MYLAR permits its use in
thinner film, thus helping King Radio
to build the lightest and most com-
pact distance measuring unit on the
market. MYLAR is available in films as
thin as 15 gauge.

And another reason why you will
want to investigate using capacitors
of MYLAR: they usually cost no more
than others. Write for complete tech-
nical data to DuPont Company, Room
4960A. Wilmington, Delaware 19898.
(In Canada, for information write
Du Pont of Canada Ltd., Post Office
Box 660, Montreal, Quebec.)

QUPIN> MYLAR®

o
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INTEGRATED
CIRCUIT DATA BOOK

Here is the industry’s most complete
data guide and the most comprehensive
source of general I/C information.

Nearly 1,000 fact-packed pages con-
tain detailed specifications for all
Motorola linear and digital integrated
circuits, plus:

©® INTERCHANGEABILITY CROSS-REFERENCE

@ DIGITAL AND LINEAR
APPLICATION SELECTION GUIDES

@ SELECTED KEY APPLICATION NOTES

@ SUPPLEMENTS — UPDATING SERVICE
SUBSCRIPTION RESERVATION

@ ALPHA-NUMERIC CIRCUIT
IDENTIFICATION INDEX

Individual sections of the book treat
each of the Motorola I/C families:
MECL, MHTL, MTTL, MDTL,
mWMRTL and MRTL, MOS, Com-
plex Arrays, and each of the linear
types. No single I/C information source
offers so much toward the intelligent
selection of the right device for the spe-
cific job . . . yet the price is only $3.95
per copy.

“Integrated Circult Data Book Coupon
My check (payable to Motorola Inc.) is enclosed.
($3.95 per copy)

Name

Company

Address
City State Zip

N MOTOROLA

@4 Semiconductor Products Inc.
P.O. BOX 20912 * PHOENIX, ARIZ. 85036
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operation and put him in charge of
a unique satellite operation at
Fairchild’s South Portland, Maine,
facility.

Blanchette had never been en-
chanted by the Fairpak; shortly af-
ter arriving at Fairchild he noted
that “the metalized ceramic sub-
strate puts it out of the ballpark
for really low cost.”

The coup de grace for the pack-
age may have been the develop-
ment of a radically new kind of
aluminum beam-lead device that’s
produced by a technique far
simpler than Bell Laboratories’ air-
isolated, back-etch method for gold
beam leads. Devices have already
been assembled by this process
and are undergoing reliability tests.
Blanchette is closemouthed about
how they’re made or when they’ll
be introduced, but this aluminum
beam-lead approach is the only one
of four methods of one-shot bond-
ing to which he has assigned a de-
velopment task force. (The others
under study at Fairchild are gold
beam leads, spider bonding for
plastic-packaged flip-chips, and
bumped chips for multichip pack-
ages.)

The Fairpak, the first commer-
cially available flip-chip package
[Electronics, Feb. 20, 1967, p. 49],
contains aluminum-bumped chips
bonded face down on a metalized
ceramic substrate and capped with
a little glass-ceramic seal. Fairchild
introduced it for four diode-tran-
sistor-logic circuits, switched it
over to its slow-selling transistor-
transistor-logic line shortly there-
after, and has resolutely refused to
publicize it after the first splash.
Blanchette says the company will
still make it for anyone who in-
sists.

Independent. The South Port-
land experiment will be the total
responsibility of Husher. The
operation will do its own sched-
uling, make its own masks, and
fabricate IC’s from the wafer level
through packaging.

In general, South Portland will
produce the older lines of Fair-
child 1C’s—DTL, CTL, and the 9000
line of TTL. Mountain View, Calif.,
will concentrate on linear circuits,
medium-scale integration, micro
matrixes, computer-aided design,

MOS, and memories. When Moun-
tain View needs space to turn out
new products, the older lines will
be transferred to South Portland.

“In 1971, the IC market will
amount to $800 million,” Blanchette
says. “If Fairchild, as a leader, is
to have a quarter of that market,
there has to be another plant in
which to make the circuits. And we
also have to find a way to move the
newer, more sophisicated products
onto the market fast but without
ignoring the volume lines.”

Husher will become a director
under Blanchette. He will be head-
quartered at the parent plant in
Mountain View and will have his
own development group to pass
research and development improve-
ments on to the South Portland
operation. Orders entering the
company will be scheduled inde-
pendently—“but in total visibility,”
as Blanchette puts it delicately—
by Husher.

The move means a substantial
increase in the engineering staff
at South Portland. Blanchette says
new—and presumably automated—
assembly techniques will be in-
troduced there in 1969.

Industrial electronics

Keeping in touch

Municipal police forces may some-
day have an easier time keeping
track of their wayward “Car 54’s.”
The Department of Housing and
Urban Development is studying a
program called Pulse (for public
urban locator service) that would
give dispatchers of public and com-
mercial vehicles a constant picture
of the vehicles’ location.

HUD would like to develop such
a system as a nationwide public
utility, ensuring coordinated plan-
ning by requiring private and
public customers to use the same
service.

To get an assessment of the pro-
gram, the agency last month spon-
sored a technical conference in
Washington attended by 20 elec-
tronics firms. Most of the engineers
present agreed that such a system
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TECHNOLOGICAL

PRODUCTS, Inc.

AIR o CERAMIC « GLASS = QUAHRTZ +« PLASTIC

YOUR ERIE MAN HAS JUST THE RIGHT

TRIMMER CAPACITOR .-
AT JUST THE RIGHT TIME

Your Erie Man won't sell you a particular type of trimmer capacitor. ..

but he will help you choose the right t-immer from the world’s most complete
selection .. . AIR, CERAMIC, GLASS, QUARTZ, and PLASTIC — more than
1000 styles. With ERIE you save valuatle time by talking with one expert rather
than several representatives handling imited trimmer lines. And you know

the trimmer you choose will be ideal for your application. So call in your

ERIE man for your complete trimmer requirements.

RS EEAY for ERIE is qualified to MIL-C-81 and MIL-C-14409
complete new Trimmer data.

ERIE TECHNOLOGICAL PRODUCTS, INC.

644 WEST 12th STREET « ERIE, PENNSYLVANIA 16512 » PHONE (814) 456-8592
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FEATURES

The biggest little $3.97 precision
10-turn wirewound pot
in the world!

The Duncan “PIXIEPOT"” potentiometer
gives you the big features at a little
price. It is the one and only precision
10-turn miniature pot for under $4
that has all these features: B Length:
ONLY ¥%” B Diameter: ONLY 7%~ B
Linearity: +0.25% W Resistance Range:
100 ohms to 100X ohms B Power
Rating: 2 walts @ 420°C & Tempera-
ture Range: —25°C to 4-85°C @ Resolu-
tion: Better than ANY wirewound pot
TWICE its size B Slotted Stainless Steel
Shaft/C ring @ Now you can save big
dollars on your instrument and system
requirements. Specify Model 3253
“PIXIEPOT” for as low as $3.97 each
in production quantities and only $5.95
each for 1-24 units. In-stock delivery,
of course. Call, write or wire Duncan
today for complete specifications.

A~ & )
- - Yl

e —
DUNCAN electronics, inc.

A DIVISION OF SYSTRON-DONNER CORPORATION
2865 FAIRVIEW ROAD,
COSTA MESA, CALIFORNIA 92626
Phone. (714) 545.8261
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TRANSMITTER
AND CONTROL
COMPUTER

DATA LINK

ROAD
RECEIVER

ROAD RECEIVER

Traffic signals. System under study by the Government would keep track of

vehicles and display their locations.

was feasible. It was noted, though,
that the capital and installation
costs might be prohibitive.

Meeting of minds. Surprisingly,
most of the companies at the meet-
ing had independently arrived at
similar conclusions as to the best
technical approach to the system.
Generally they suggest that the
vehicles involved be equipped with
inexpensive  transponders  that
would pulse out short-range radio
signals. Each vehicle would have
its own code signal, and this would
be picked up by receivers strate-
gically spotted around the city.
Hundreds of receivers might be
necessary in a large city. The mes-
sage from the receivers would be
flashed via telephone lines or
coaxial cables to a central com-
puter, which would then calculate
the location of the vehicle and store
or display the data as needed.

The hardware market created by
a nationwide system would be
tremendous—millions of vehicle
transponders, thousands of location
receivers, and possibly hundreds of
computer-display complexes.

One setup involving scattered re-
mote receivers is now being built
by Motorola for the Chicago Tran-
sit Authority at a cost of $1.2 mil-
lion. Two-way radios are being in-

stalled aboard 500 city buses under
this system, which will monitor
bus progress.

Further study. Both private and
Federal officials concede that a na-
tionwide program requires a great
deal more study. Under a $200,000
grant, HUD has hired two Wash-
ington consulting firms—the In-
stitute of Public Administration
and Teknektron—to probe further
into the system.

With technical details so vague,
few are willing to estimate what a
nationwide system would cost.
When pressed, industry and Gov-
ernment officials put the cost “in
the tens of billions of dollars.”
These figures give the program an
unrealistic sound to many officials.
But industry representatives see a
tremendous market opening up
even if the system is only partly
implemented.

Military electronics

Counterrevolution

Most successful revolutions sooner
or later have to struggle with coun-
ter-revolutionary forces. And the
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ACTUAL SIZE

——>-

JAN and JAN TX-IN4942 Series
lo @ 55°C 1.0 Adc
Surge 15 A

JAN IN4g42 200V
JAN IN4944 400V
JAN IN4946 600V

Recovery Time 150 nsec
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You can't tell
- from this picture that these are

the only monolithic
fused-in-glass
JAN TX type 1N4942
fast recovery
controlled avalanche
rectifiers
in the business.

So take a look at this actual section

Hard glass fused to all silicor
and pin surfaces creates a
voidless monolithic structure
Perfect seal against all mois
ture and contaminants.

Metallurgical bond of pins to
die faces at 1000°C allows ex-
tremely high surge capability,
low thermal resistance. Virtu-
ally indestructible construction.

~<\Controlled avalanche and

permanently stable surface
leakage characteristics. Hy-
perclean silicon surface fused
only in hard glass. No oxides,
silicones, or vamish are used.

Temperature coefficient of
glass and pins is matched to
silicon. No degradation under
severe thermal stress of high
transients or repeated temper-
ature shock even from
—195°C to 300°C.

And you can't tell by looking at the picture that Unitrode
not only makes them, but has them on the shelf, ready to
ship, no waiting, 3 ratings. So . . .

If you're in a real hurry, why not call Dave Greene
collect, at (617) 926-0404.

If you're not In that much of a hurry, we'll be glad to send
you our data sheet, with all the specs.

Samples anyone? Just call Compar or Daniel & Co. . . .
or drop us a lire.

®
580 Pleasant Street, Watertown, Mass. 02172 (617) 926-0404 | ‘ | ‘

I —

Circle 63 on reader service card 63



%

b —— b.

to deliver wide slot
range performancein

ratings to fit every
system...from *119.

® Rack mounted and modular.

@ Meter and control options,
integral.

@ All silicon design—precision
performance.

@ Adjustable current limiting—
optional overvoltage
protection.

@ Remote sensing and
programming.

LIBERATORS from TRYGON...the ulti-
mate in IC and transistor system power
in minimum size at lowest possible cost.
Specs like 0.5mV ripple, 3mV P-P noise,
MIL Spec. performance and overvoltage
protection.

FULL-RACK MODELS: voltages to160V;
output currents up to 40 A (3%2") and 70 A
(5%"), 0.005% regulation and 0.01% sta-
bility,plus load share automatic paralleling.

SUB-RACK MODULAR MODELS: volt-
ages to 160VDC, output currents from .25
A to 25 amps, 0.01% regulation and
0.03% stability. Write today.

J TRYGON POWER SUPPLIES

111 Pleasant Avenue, Roosevelt, L.1., N.Y. 11575

Trygon GmbH 8 Munchen 60, Haidelweg 20, Germany

Write for Trygon 1968 Power Supply Handbook.
Prices slightly higher in Europe.
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“management revolution” led by
former Defense Secretary McNa-
mara is proving to be no excep-
tion. The weapons commonality
idea has been under fire [Electron-
ics, Oct. 28, p. 70], and now Mec-
Namara’s firm fixed-price contract-
ing policies are also under attack.

The Aerospace Industries Asso-
ciation recently complained to the
Pentagon that too many fixed-price
contracts were being used in major
weapons systems development.
Soon afterward, the department’s
own Armed Services Procurement
Regulations (ASPR) Committee, in
an apparently unrelated move, is-
sued new rules that appear to meet
some, but not all, of the objections.
Both actions reflect growing suspi-
cion that fixed-price contracts can
impede technological advances and
cut profits, especially in research
and development efforts.

Bad feeling. Initiated several
vears ago. the fixed-price contract-
ing policies were basically intended
to save the Pentagon money on
production contracts. But many
service R&D commands felt they
had to comply also and used the
policies on contract definition and
the following research and engi-
neering phases of a system’s life
cycle.

Consequently, the AIA asserts
that a contractor under a firm fixed-
price or fived-price incentive con-
tract may see his profit decline
when he has to solve one of the
unforeseen  technical problems
common in the contract-definition
phase. Often, too, subcontractors
get saddled with rigid. unpleasant
contracts. In every major weapons
svstem development reviewed by
the AIA, the company had to make
substantial technical changes to
meet the contract specifications.

Such fixed-price contracting oc-
casionally led to bad feeling be-
tween contractors and the service
command and, within the com-
mand, between the program officer
who had the final say on selection
of the type of contract and the
technical and legal sections.

Flexibility. The AIA suggests in-
stead that the choice of the final
contract type for engineering de-
velopment be made after the con-
tract-definition phase and that the

contracts be made flexible to ac-
commodate the degrees of technical
difficulty involved in the system.
The AIs, however, strongly op-
poses “any return to older con-
tract practices which rely upon
cost-plus-fixed-fee contracting for
major weapon systems develop-
ment.”

Specifically, the AIA recommends
that the Pentagon:

= Choose the contract for each
individual weapon system that is
appropriate for the technical un-
certainties involved.

» Establish a board to review
each contract.

The new ASPR regulations make
the contracting officer the final ar-
biter of contract type, but he must
make his decisions with the advice
of the technical sections, discuss
the types of contracts to be used
with the contractors (who may of-
fer alternate suggestions), and
make a written report of his rea-
sons for choosing a certain con-
tract type. The ASPR changes don’t
satisfy the AIA desire for a central
Pentagon review board. The AIA
thinks that the decisions on con-
fract type are made by middle
managers who are hard to reach
and whose decisions can’t be ap-
pealed.

Unk unks. As the complexity and
cost of programs increase, the AIA
contends, the problems and uncer-
tainties of contractors will multiply.
Engineering development costs are
currently from 60% to 70% of total
development costs and from 10%
to 30% of life-cycle costs, it notes.

The chief cause of the industry’s
complaints are the “unk unks’—
the unanticipated unknowns—that
cannot be forecast on the basis of
paper design and analytical stud-
ies, the AIA says. These are con-
trasted to the anticipated un-
knowns, “the things you know you
don’t know.”

The AIA sees a trend of diminish-
ing profits caused by more com-
panies bidding on the fewer but
bigger contracts available. The
Pentagon discourages “buying in”
(purposely bidding low to get in a
favorable position to bid for the
production contract), but the AIA
savs the current defense market is
unintentionally producing a similar
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New! Multi-Color
Performance from
RCA Single-Gun CRT’s

How many colors do you want in CRT read-out? RCA can give you
two, and the shades between, from a single-gun CRT. What's more
you have a choice of tube size for the display of all types of visual
information —waveforms, alphanumeric, pictorial or any combina-
tion of these three.

Here's your answer to air-traffic control systems, military IFF
systems, stock market quotation displays, airline and other trans-
portation status boards. Utilize RCA’s new capability in teaching
machines, electronic test instruments, computer read-out equip-
ment—anywhere a multi-color display makes understanding easier.

The RCA multi-color CRT is made with two phosphor layers. The
multi-color performance is obtained through the application of
different anode voltages.

Whatever your choice of colors and display, the read-out is as
sharp and bright as black and white. And the single electron gun
means simple back-up circuitry.

For more information on RCA multi-color CRT’s and other RCA
Display Devices, see your RCA Representative. For technical data,
write: RCA Electronic Components, Commercial Engineering,
Section No. K-19Q-1, Harrison, N. J. 07029.
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LOW

COST
AUTOMATION
takes

many
forms

Our famous plug-in Cycl-Flex® elec-
tromechanical and solid state time
and count controls cut down-time...
are replaceable in 5 seconds or less.

Get the facts on these and 560
other forms of low-cost automation.
Send for Catalog 15.

[ITES [ [EAGLE SIGNAL]

A GULF + WESTERN COMPANY
: DAVENPORT, IOWA 52808
Service-In-Depth...
Local Engineering, Stock, Repair
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result. Companies may opt for a
large profit on total business by
stringing together tiny profits on
many contracts.

No official Pentagon reaction to
these complaints is expected until
the new Administration takes office

in January.

Advanced technology

Beyond microwave IC's

Even as microwave integrated cir-
cuits gain their first large markets,
researchers are trying to make them
obsolete with the new technique
called praetersonics. Using micro-
wave-frequency sound waves inter-
acting with piezoelectric and semi-
conductor materials, they are al-
ready building the first models of
parts for praetersonic signal-proc-
essing systems and other sections
of radar and communications gear.
Lately, schemes using waves
propagating over the surface of
such materials have come into
vogue, replacing similar acoustic
devices that use waves propagating
through the bulk of the material.
But a key part of any surface-wave
system — a microwave-frequency
amplifier — is still lacking. Surface-
wave amplifiers have yet to oper-
ate above about 300 to 500 mega-
hertz because the transducers that
convert electromagnetic energy to
acoustic surface waves become so
small that they are hard to make
and performance is unrepeatable.
Up, up. Now scientists at Ray-
theon’s Research division, Wal-
tham, Mass., are developing what
may be a high-frequency successor
to such acoustic amplifiers. Using
ferrite rather than piezoelectric
substrates, scientific fellow Ernst
F. Schlomann and senior research
scientist Carl E. Patton have de-
veloped an amplifier design that
should work into the 3- to 4-giga-
hertz region, and perhaps beyond.
The first version of the new am-
plifier would use a slab of yttrium
iron garnet about a millimeter thick
and 1 by % centimeter long and
wide. It is bathed in a constant
magnetic field across its width.

Lying flat. At either end of the
flat surface of the garnet is a short
stub antenna that allows micro-
wave energy to be converted into
magnetoelastic waves, which then
propagate over the surface of the
YIG.

This in itself isn’t enough to
cause amplification, although ac-
cording to Patton, the YIG is just
about lossless. To amplify, an over-
lay of high-mobility semiconductor
such as indium antimonide is
placed atop the slab in a layer as
thin as 3,000 angstroms. A d-c
pulse is applied to the ends of the
semiconductor layer through ohmic
contacts, with the direction of cur-
rent flow the same as that of the
magnetoelastic waves.

Positive feedback. Now, as waves
propagate through the YIG, the weak
magnetic fields accompanying them
will extend into the semiconductor
and induce a current flow at right
angles to the applied d-c. This new
current will have a magnetic field
of its own, which will augment the
magnetoelastic waves.

“It’s a positive feedback sys-
tem,” says Schlomann, “since each
of the two magnetic fields strength-
ens the other. This is how we hope
to achieve gain.”

The new device would be very
small, since its size would be de-
termined by the wavelength of
microwave frequencies propagat-
ing in solid materials. Other work-
ers in the field of praetersonics
would have said that by switching
from waveguide to acoustical or
magnetoelastic  propagation it
would be possible for a centimeter-
long circuit to do the work of a
mile of waveguide or coaxial cable.

Unlike surface-wave amplifiers
using piezoelectric materials rather
than YIG, the Raytheon device
would be tunable over a broad
band. It would be tuned by varying
the otherwise constant magnetic
field applied across the width of
the YIG slab: the stronger the ap-
plied field, the higher the ampli-
fier’s center frequency.

Schlomann and Patton hope to
have their first model operating in
late November or early December.
In the meantime, Schlomann will
detail the device and the theory
behind it in a paper at the 14th
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Ground station capacity an error rate of 1 x 108, we've yet to drop a

g single bit with HDDR.
in a portable recorder! The new 3500 is ideal for field use. Rigid

construction permits operation in such rugged ‘ e
Our new MTR-3500 should start a environmental conditions as 10g—11ms 15
revolution in the hinterlands. It not only sine shock, 10g rms random vibration, and
records 2.4 billion bits of digital data 25g acceleration. It's compact (8.6” x 9.5” x
but does so with virtually no errors. Using 20”), and weighs only 54 Ibs. Best of all, the
a unique new design technique called new MTR-3500 with HDDR is available now.
High Density Digital Recordin For more complete information write Leach -

patent pending), the 3500 pack
per track inch on 2400 feet of ¢
14-track tape. And although

Corporation, Controls Division, Department E, s
\ c 717 North Coney Ave., Azusa, ;
I.EA H Calif. 91702. (213) 334-8211.
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COST
AUTOMATION
takes

many
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With this super-simple MT Sequence
Programmer you control up to 19 in-
dependent 10 amp load circuits in a
predetermined sequence with ran-
dom inputs. The MT isolates...inter-
locks...remembers...it's almost a
computer. Should be the beginning
of every control circuit design...
eliminates many costly components.
Send for new Bulletin 910.

BLISS [L[LTINITTIY

A GULF + WESTERN COMPANY
DAVENPORT, IOWA 52808

Service-In-Depth...
Local Engineering, Stock, Repair
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International Conference on Mag-
netism and Magnetic Materials in
the New York Hilton Hotel Nov. 18
to 21.

Communications

Opening up the spectrum

In about three weeks, the Presi-
dent’s Task Force on Telecommuni-
cations will report what everyone
in the electronic business has known
for a long time: there is no shortage
of space on the frequency spec-
trum, just an unfortunate lack of
understanding about how to use it.

The report, which isn’t intended
for public distribution until after
the election, outlines a comprehen-
sive plan for improving the utiliza-
tion of frequency space [Electron-
ics, Sept. 16, p. 67].

Not surprisingly, the Presidential
panel will point to the Government
itself as the leading culprit. It will
charge that the Government has
reserved too much of the micro-
wave bands for potential satellite
needs and is holding too much
spectrtum space for anticipated
Federal law-enforcement needs.

New agency. The far-ranging re-
port will suggest that users pay a
license fee based on the amount of
frequency space used and the profit
realized by using it. It will call for
the establishment of a new agency
with broad frequency-allocation
powers, and will advocate the trans-
fer of some spectrum now reserved
for ultrahigh-frequency tv to land-
mobile radio operations.

Many of the recommendations
aren’t new, but the task force may
succeed where others have failed
in getting them implemented. How
well it succeeds will be up to the
new Congress and Administration.

The task force, headed by Presi-
dential adviser Eugene V. Rostow,
has been working on the report
since August 1967. Most members
of the panel are officials of various
Government agencies and none are
engineers. The technical staff was
drawn from Federal agencies.

In brief, the group will urge the
Government to:

Make any frequency space avail-
able to other users if the one to
which it was allocated lets it lie
dormant.

Establish and continuously up-
date equipment standards and op-
erating practices (including criteria
for frequency sharing, channel
loading, or both) to cut down on
nonproductive “pollution” of the
spectrum.

Phase out point-to-point trunking
with high-frequency bands (3-30
megahertz) except as a backup to
satellite and cable facilities, and
use this space exclusively for mari-
time and aeronautical mobile serv-
ices.

Allow present users of the 30 to
1,000 megahertz range to con-
tinue their use, but institute opera-
tional constraints (such as power
and frequency controls) and fre-
quency-sharing to permit land-mo-
bile use of the space.

Set up new equipment and op-
erating standards for land-mobile
operators to ensure that the same
frequencies can be used by base
stations short distances apart.

Encourage the development of
common-user and common-carrier
mobile radio systems with inter-
mittent requirements by sanction-
ing joint licensing arrangements.

Auction land-mobile frequency
space to the highest bidder when
a dispute among applicants cannot
be resolved on its merits.

End the distinction between lo-
cal and Federal police frequencies
so the local forces can make use
of the sparsely used Federal bands.

Begin a broad, comprehensive
study of the technical and eco-
nomic feasibility of moving televi-
sion broadcasting to higher-fre-
quency bands—the microwave or
millimeter-wave regions.

Be prepared to consider ending
tv broadcasts in the uhf bands
when cable and other tv distribu-
tion means become practical.

Establish improved modulation
and antenna directivity standards
to permit greater frequency re-use
in the microwave bands (1-10 giga-
hertz).

Continue sharing the 4- to 6-Ghz
band between communications sat-
ellite and radio relay systems until
a domestic satellite system has been
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Photocells
ain’t what they used to be...
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they’re a heck of a lot better

Photocells are doing jobs today that they couldn’t have done ten —five —
or even two years ago. There have been that many improvements!

HIGHER STABILITY
MORE UNIFORM RESPONSE TO COLOR TEMPERATURE
HIGHER SPEED RESPONSE
WIDER VARIETY OF PACKAGES AND SIZES
INCREASED EFFICIENCY
HIGHER LINEARITIES

Let us show you how the “light touch in automation and control” can
help solve your problems. Call (212) 684-5512 or write Clairex, 1239
Broadway, New York, N. Y. 10001.

CLAIREX ELECTRONICS,INC.




LOW

COST
AUTOMATION
takes

many

forms

New plug-in Cycl-Flex 2 & 3 digit to-
tally solid state I/C counters. 100%0
accurate. Up to 1200 counts per min-
ute. Available in higher count rates.
Easy-to-set thumb wheels.

Get Catalog 15, describing these
and 560 other forms of low-cost auto-
mation.

[CITETY [+ [EAGLE SIGNAL]

A GULF + WESTERN COMPANY
DAVENPORT, IOWA 52808

Service-In-Depth...
Local Engineering, Stock, Repair
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fully worked out.

Authorize the sharing of the 7-
and 8-Ghz bands, now allocated
solely to Government (military)
systems, by both domestic and mil-
itary satellite systems.

Encourage the trend among com-
mon carriers toward low-noise sys-
tems in the microwave bands. This
involves the use of horn-reflector
antennas, and of wide-deviation fre-
quency-modulation and pulse-code
modulation, for example.

Create a new executive-branch
agency to handle both Government
and private allocations. (Under this
plan the FCC would continue to
parcel out specific frequency li-
censes, but the block designations
would be made by the new agency).

Appoint regional coordinators to
supervise allocations and assign-
ments.

Consolidate spectrum research
and development in the new
agency, except the mission-oriented
research of other agencies. Sharply
increase Federal funding for spec-
trum R&D.

Instruct the agency to take an
interdisciplinary approach to spec-
trum utilization by employing en-
gineers, economists, lawyers, and
social scientists.

Components

Up the ladder

Until recently, precision resistor
ladder networks with an accuracy
of 14 bits have been laboratory
items, and the integrated-circuit
digital-to-analog and analog-to-
digital converters that rely on hy-
brid or discrete resistor ladder net-
works have been limited by ladder
accuracy. But three new develop-
ments from the microcircuits oper-
ation at Beckman Instruments’
Helipot division have just been in-
corporated in the division’s model
811 hybrid thick-film cermet lad-
der network, making 14-bit ladders
available in quantity.

The new developments are a
cermet material that will yield
typical resistor temperature-track-
ing capabilities of 0.5 part per mil

lion per degree C, tailoring equip-
ment that will trim the ratio of
each resistor to within 5 ppm of
others in the network, and measur-
ing equipment that can test lad-
ders with accuracies up to 14 bits
to within *+2 ppm of the desired
ratio. It tests 200 to 300 of these an
hour.

Perfect tracking. William Kelly,
materials supervisor in the micro-
circuits operation and the man
chiefly responsible for the new
cermet material, says all resistors
in a precision ladder network
should have the same temperature
coefficient. If they do, they are said
to have perfect resistor-tempera-
ture tracking. Kelly says Beck-
man’s best previous cermet mate-
rials gave them typical resistor-
temperature tracking of 2.5 ppm/
degree from —55° to +125°C.

This kind of tracking allowed
Beckman to produce many ladders
with accuracies of 10 and 11 bits,
and some with 12 bits. Commer-
cially available materials (most of
which are silver-palladium) that
Beckman has tested show typical
resistor-temperature tracking of
10 ppm/degree C. With them,
Kelly says, a good many 9-bit lad-
ders can be made, but only a few
with accuracies of 10 and 11 bits.

Details of the new Beckman cer-
met are secret. Kelly says only that
it is not silver-palladium and that
it is produced by close control of
three factors—particle-size distri-
bution, thickness of the material
to get an even deposition on the
substrate, and firing temperature.
“It’s very important,” he contin-
ues, “that firing temperature be
rigidly controlled so that each re-
sistor in a network ‘sees’ the same
temperature—because once they're
formed, their stability and tempar-
ature coefficient are locked in.”

Ratio tailoring. Beckman engi-
neers are equally stingy with in-
formation about their precision
tailoring and measuring equip-
ment. They point out, however,
that they know of no other equip-
ment that does ladder-network ra-
tio tailoring. Other trimmers ad-
just to absolute resistance values.
George Smith, supervisor of prod-
uct design in the microcircuits op-
eration, points out that commer-
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panel meters are old hat at

———— ...
DIGI4EC

5 years ago DigiTec made a major breakthrough
with the first low cost modular digital panel meter...
DigiTec continues to lead the industry with
two new advances in low cost digital panel meters

DC VOLTS

Non-Linear Funclions Avasilable for OEM Users Third Genoration DPM

Stocking Representatives
Throughout the World

918 Woodley Road * Dayton, Ohio 45403 - (513) 254-6251
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cially available trimming equip-
ment is accurate to only 5,000 ppm
absolute of the actual resistance
value.

The real key to Beckman’s tail-
oring equipment is the electronic
system designed in-house to con-
trol the air-abrasion trimmer. “We
have to do everything possible to
prevent harm to the cermet mate-
rial,” Kelly points out, “so we've
designed control electronics that
allow us to trim and measure the
adjustment as rapidly as possible
and not change the cermet proper-
ties.”

Beckman engineers had to de-
sign the final test equipment them-
selves because they couldn’t buy
hardware that tested to the accu-
racies they needed. The system,
built outside, looks and works
much like an IC tester. It has five
wells containing liquid Freon at
—55°, —20°, 425°, +80°, and
+125°C. A socket accepts the fin-
ished ladder network pins. For the
rate of 200 to 300 per hour, an ana-
log signal triggers a light bulb
showing the ladder has an accu-
racy of 9, 10, 11, 12, 13, or 14 bits.

Print-out data. A printed tape
similar to that fed out by desk cal-
culators is produced by the tester
if detailed information on a given
ladder network is sought. For ex-
ample, in testing a 12-bit ladder,
the machine will print out a ratio
error for each of three application
resistors comparcd with the lad-
der. This, in effect, tests the ladder
in a circuit, with the applications
resistors performing like feedback
resistors, in an operational ampli-
fier. The ratio printed out for the
application resistors is the ratio of
the feedback resistance to the
Thevenin equivalent resistance of
the ladder network.

Then each of the 12 bits in the
ladder is switched in and its ratio
error in ppm is printed out. Fi-
nally, the operator can push a but-
ton and get a summation of the er-
rors of each of the 12 bits. Smith
says the summation is the informa-
tion the man using the ladder
wants to know, but Beckman gives
him the application resistor print-
out as well to give him an idea of
how the ladder will work in a sys-
tem.

For the record

Geiger gauge. The Lockheed-
Georgia Co. has successfully dem-
onstrated a nucleonic fuel-measur-
ing system in its C-141 Starlifter
and says it can be used in any type
of aircraft. The system is simplic-
ity itself: a radiation source sends
gamma rays through a fuel tank
and a Geiger Mueller tube on the
other side of the container detects
them; the amount of radiation
reaching the detector is inversely
proportional to the amount of fuel
in the tank. For a plane the size of
the giant C-5 transport, as many as
six systems would be used for each
of the 12 fuel tanks.

Because this setup, unlike con-
ventional fuel monitoring systems,
requires no probes inside the tank,
there’s no need for safeguards
against electrical arcing or for in-
ternal maintenance. Lockheed says
readings are unaffected by fuel
densities, temperature fluctuations,
or changes in aircraft attitude be-
cause the system measures the
mass of the fuel rather than sens-
ing levels.

The idea isn’t new, but Lock-
heed’s will be the first operational
system of this type. Giannini Con-
trols (now Conrac) tried in 1964 to
develop a similar system for the
Apollo program but was unable to
meet specifications.

If at first . . . This week NASA
will launch the second of four Or-
biting Astronomical Observatories.
The shot comes about 30 months
after the first OAO achieved orbit
but failed in its second day be-
cause of malfunctions in the power
supply and high-voltage arcing in
the star-tracking apparatus. The
second and more complex OAO has
a completely redesigned battery-
charging system. The star trackers
have also been modified to prevent
corona discharges and the high-
voltage arcing. More sophisticated
than previous U.S. unmanned sat-
ellites, OAO carries 11 optical tele-
scopes.

Evasive action. Trying to avoid
antitrust action, IBM has trans-
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$4.50 buys you the only zener
that can give you these traces.
At any of ten voltages from 5.6V
down to 2.4V. Or all the way
down to 2.2V, 2.0V and 1.8V if
you insist. And the voltage

you choose will typically vary
15mV from 1004 A to ImA

(or 125mV over its full 10pA

to 10mA range).

Ask for it by name —the LM103.
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National Semiconductor

2975 San Ysidro Way, Santa Clara, California 95051. (408) 245-4320.
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MULTIFUNCTION
VARIABLE FILTERS
YOU GET MORE

THAN HIGH-PASS and LOW-PASS
PERFORMANCE
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MODEL 3202 provides continuously adjust-
able high-pass, low-pass, bandpass and
band-reject functions over frequency range
of 20 Mz to 2 MHz. Two-channel bench unit
shown; 514" x 8%" x 15%a"-rack units available.

The unlimited flexibility of the K-H
Multifunction Variable Filters is
essential for complex frequency- or
time-domain measurements. Don't
settle for limited single-function
capability when you can take advan-
tage of K-H's two-channel Model
3202 or the one-channel Model
3200. See functions, below.

These responses are fully adjustable
and may be set independently. This
performance typifies the extra value
you get from modern Krohn-Hite
electronic instruments. Other values
increase user confidence further by
providing simpler, faster and lower-
cost operation.

Functions: Low-pass — direct coupled
with low drift. High-pass — upper 3
db at 10 MHz. Bandpass — con-
tinuously variable. Band rejection —
Variable Broad Band or Null.

Two Response Characteristics: (1) fourth-
order Butterworth or (2) simple R-C
(transient free)

Zero-db Insertion Loss: all-silicon ampli-
fiers provide “lossless” passband
response. Steep (24 or 48 db per
octave) attenuation slopes extend to
at least 80 db.

90-db Dynamic Range: Low hum and
noise (100 microvolts) eliminates
costly preamplifiers.

Output Impedance: 50 ohms, or lower.
There's more in K-H Data Sheet
3200/3202. Write for a copy.

w7l -

YU KROHN-HITE

ORFPORATION
580 Massachusetts Avenuve, Cambridge, Mass. 02139
Telephene: 617/491-3211
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ferred its time-sharing subscriber
services from the Data Processing
division to its independently oper-
ated subsidiary, the Service Bu-
reau Corp. A 19568 antitrust con-
sent decree prohibits IBM from op-
erating a service bureau business
as part of the parent company’s
operation.

Early last month it was learned
that the Justice Department was
investigating the possibility of tak-
ing legal action to force IBM out of
the time-sharing business. Pos-
sibly related to the move was the
accusation by other time-sharing
service companies that IBM’s cen-
ters got their computers at much
lower prices.

Roll ’em. The Kalvar Corp. has
developed a vesicular photo-
graphic film that’s said to be 10
times faster than present counter-
parts, although it's still much
slower than conventional silver-
halide films. Vesicular film does
not use silver; it is exposed with
ultraviolet light, and is processed
by heat and light instead of chemi-
cals.

Dash dashed. When the Navy
started its unmanned helicopter
program, called Dash, it expected
the drones to be able to hunt down
and destroy submarines. But now,
some seven years later, the Navy
admits that the program has been
something less than a complete
success; in fact, no more drones
will be bought. So far, more than
230 of the choppers have crashed,
many after only a few hours of
total flying time, at a cost of about
$25 million. The crashes have been
attributed to avionics problems.
Often, says the Navy, the craft re-
spond to spurious radio signals
and end up in the drink. Other
failures were laid to faulty gyro-
scopes, altimeters, or decoding
equipment.

Laser in the field. Hughes Air-
craft, which in 1960 became the
first irm to demonstrate laser ac-
tion, reccived a $2.7 million Army
contract to produce laser range
finders for the M-60 tank. Hughes
says the devices will be the first
completely militarized lasers.

Vin automatique. That little ol’
wine maker is remote controlled at
the Pleasant Valley Wine Co. The
Hammondsport, N.Y., winery has
installed an electronic system to
handle all processing from the time
the grape juice leaves the presses.
It controls temperatures, blending,
fermentation, racking, clarification,
filtering, storing, and bottling. The
wine is sold under the trade name
Great Western.

Comsat gains. The Communica-
tion Satellite Corp. reported an
earnings surge in the first three
quarters of 1968 to $5 million, or
50 cents a share, from $2.8 million,
or 29 cents a share, in the year-
earlier period. Operating revenue
climbed to $22 million from $12

million.

Crystal growing. Tyco Labora-
tories of Waltham, Mass., says that
under an Air Force contract it has
developed a technique for produc-
ing single-crystal sapphire fila-
ments as long as 100 feet. The
filaments can be grown in a variety
of shapes—thin and thick tubes,
ribbons, rods, and T’s. Because of
sapphire’s unique dielectric proper-
ties, the processed crystal might be
useful in lasers and fiber optics, and
as a substrate for thin-film circuits
or a base for the epitaxial over-
growth of silicon for IC’s.

3-D in sequence. Holographic
“movies” have been made at
Hughes Aircraft’s research labora-
tories with a system that’s said to
have 10 times the energy output
of previous stop-action holographic
units. Hughes scientists use a gi-
ant-pulse ruby-laser oscillator and
amplifier that delivers 30-nanosec-
ond pulses at up to 10 joules to
produce a stream of images; the
output is fully coherent at full
pulse energy. The oscillator is a
4-inch-long, Y4-inch-diameter ruby
rod sandwiched between two linear
flash lamps in a double elliptical
cavity. A 12-inch-long ruby rod %
inch in diameter and pumped by
four linear flash lamps makes up
the amplifier. The system’s maxi-
mum peak power output is 300
milliwatts. The oscillator has a 3-
milliwatt output.
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Only Hugle Industries offers you this large range of models, then makes them
available in either semi-automated or fully automated modes. The automatic units
feature our exclusive HI integrated circuit process controller. Soft-ware and
installation are furnished free with these models.

Choose the model and mode that suits your operation.

HIER | 14-1” wafers or 4-2” wafers HIER IV 60-1” wafers or 12-2” wafers
HIER Il 25-1" wafers or 4-2” wafers HIER VI 85-1" wafers or 18-2” wafers
HIER Il (Thin Film) 14-1” wafers or 4-2"” wafers HIER VII 108-1" wafers or 27-2" wafers

And Our Newest Addition... EPIGRANDE (Barrel) 140-1” wafers or 40-2” wafers

Other Hugle Industries’ products include: Diffusion Doping Systems D100 Series Epitaxial Doping
Systems Model 100 Infrared Microscope Model 1300 Ultrasonic Wire Bonder Model 1400 Beam
Lead Bonder Model 2000 Flip Chip Bonder PCD Process Controller.

Call Mr. Dave Davis, Marketing Manager, at (408) 738-1700 for further information.

HUGLE Industries

750 NORTH PASTORIA AVENUE SUNNYVALE, CALIFORNIA 94086
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complete

PC film masters
direct from
engineering sketch...

FROM
SKETCH
TO ETCH
IN 8
HOURS

or less! The SLO-SYN Photo-Optical Positioner System
slashes 4% of manual preparation time . . . guarantees
error-free negative or positive film masters up to

12" x18".

... positive control of every PC board production
step is punched on tape . . . allowing duplicate film
masters to be made at any time.

Fast, accurate and versatile . . . this basic tape
program is used to prepare tapes for drilling and
even eyelet and component insertion. Positioning
accuracies to +=.001".

Get all the facts on how this unique positioner system
can drastically reduce PC board production time . ..
and increase your profits!

Call, write or wire:

THE
SUPERIOR ELECTRIC
o COMPANY

405 Middie Street
Bristol, Connecticut 06010
Telephone: 203/582-9561
Field Engineering offices in principal cities
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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 contact brush
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 heip.

From the pass1v INnnovators
at PEC Ltd.

AN AFFILIATE OF JATRCO Speer Electronic Comeonents

MPH[EISIHN ELECTRGNIT COMPONENTS LT0. manutacturers of variabi resistors ana trimmer potentiometers

¢ Bradford, Pa. 16701 (814) 362-5536; 19 Hafis Road, Toronto, Ontario (416) 241-4491



20,000,000 customer-proven
TI plastic ICs
are doing their job...

more are available now to do yours...
from Kierulff

Molding compound adheres
tightly to leads over temperature
range of —55° to +150°C...

preventing moisture intrusion

Stiff leads with 0.060” shoulders
give strength and stability for
automatic insertion and handling

Pin shoulders support package
above PC board...allowing free
air circulation and preventing
formation of moisture pockets

Good heat conductivity of
molding compound keeps
temperature rise of package
to 70°C per watt

Low mounting of circuit permits
uphill bonding... preventing
internal shorts

Solid molded package supports
bonding wires...giving maximum
resistance to shock, vibration

and acceleration

Leads are firmly anchored in
package for mechanical strength

Mounting platform extends full
length of package for up to 500
mW heat dissipation

If your plans call for economical,
reliable plastic integrated circuits,
don’t settle for substitutes...get
TI plastic. We carry large stocks
of TI plastic ICs—TTL, DTL, and
linear—so we can fill your orders
promptly.

You don’t have to worry about
reliability when specifying T'I plas-

tic. Over 1500 customers have pur-
chased more than 20 million cir-
cuits in three years. This user ex-
perience has been so satisfactory
that TI plastic is the industry’s
fastest growing package design.
Ideal for industrial/commercial
applications and preferred for a
growing number of military/avi-

onic projects, TI plastic ICs are
stocked in depth for industrial and
military temperature ranges.

If you need prices or delivery in-
formation, call us direct and get
quick answers to your questions.
For a documented report on plastic
IC reliability, circle 230 on the
reader service card.

ALBUQUERQUE

2524 Baylor Drive S.E.
Albuquerque, New Mexico 87108
PHOENIX

2633 E. Buckeye Road

Phoenix, Arizona 85034

PALO ALTO

3969 East Bayshore Road

Palo Alto, California 94303

ELECTRONICS

KIERULFF

A SUBSIDIARY OF DUCOMMUN INCORPORATED

i€
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Moving air is easy... controlling it takes an expert

Clearing a path in traffic is seldom a problem for the trucker who has mastered
the dock-wallopers whistle. Ear-splitting in its audibility, that shrill, sharp blast says
"Move it Mac” with an authority few mortals would care to dispute. It figures. Any-
one capable of channeling air with such finesse has little trouble communicating
with even the most literal-minded audience. Take Torrington's team of engineers,
When it comes to controlling the movement of air, they’re experts at making them-
selves understood. The language they talk is pure Crossflo0™, centrifugal, vane—
or tube—axial. Got a big or small air flow problem requiring straight interpretation?
We've got the specialists to help you. The Torrington Manufacturing Company.

United States: Torrington, Conn./Van Nuys, Calif./Rochester, Ind.  Canada: Oakville, Ont.  England: Swindon, Wiits. ©elglum: Niveiles Australia: Sydney
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New flame resistant

1GLASKYD
7100 FR

Alkyd Molding Compound

for economical
high performance
connectors

This card-edge printed circuit connector
won't singe your reputation.

Made with GLASKYD 7100 FR, it's re-
placing DAP for some mighty good rea-
sons. Point 1—it provides comparable wet
electrical properties at a much lower ma-
terial cost. Point 2—it's economical in
other ways, too. In slug form, its fast
molding cycle increases production sig-
nificantly. Point 3—it has low weight loss
at elevated temperatures and permanent
flame resistance exceeding normally ac-
cepted requirements. So specify New

GLASKYD 7100 FR alkyd molding com-
pound over DAP for savings and quality
right down the line.

Among the many types of GLASKYD
available, chances are there's a GLASKYD
molding compound that will meet your
needs . . . for flexural strength, impact
strength, arc resistance, low water absorp-
tion, flame resistance, heat resistance, di-
mensional stability, and many more advan-
tages. Write today for technical brochure
to American Cyanamid Company, Plastics
Division, Wallingford, Connecticut 06492.

SALES OFFICES IN; CHARLOTTE ¢ CHICAGO s CLEVELAND s DALLAS e DETROIT e LOS ANGELES e MINNEAPOLIS
OAKLAND o PHILADELPHIA o TUKWILA, WASHINGTON ¢ WOODBRIDGE, CONNECTICUT ¢ ALSO AVAILABLE IN CANADA.
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You Supply the Light —
Centralab
Optoelectronic Devices
Will Control:

object counters ¢ punched tape
readers * card readers * position
indicators ¢ object orienting
equipment e liquid level indicators
* optomechanical programmers °
analog to digital converters ° rec-
ognition equipment ¢ precision
motor speed ¢ film sound track
pickups ¢ automatic illumination
* TV automatic brightness ¢ expo-
sure meter and aperture ¢ burglar
alarms and security systems -°
doors ¢ infrared detectors * X-ray
e ultraviolet « flame failure de-
tectors * smoke and fire detectors

Consult Centralab in the early stages of your design
to see how photovoltaic, photoconductive and photo-
emissive sensors can be used. You'll be assured of a
degree of control not possible through other meth-
ods. Centralab has experience in all the areas listed
above and our devices feature advanced designs
and fabrication techniques developed as the world’s
largest producer of solar cells. If Centralab is there
during the planning stages, we can lighten your load.

For more information and a comprehensive cat-
alog on our optoelectronic devices, write
Centralab Application Engineering Today.

| N
=

\\__/ 4

CENTRALAB

Electrunces Dwvisun
GLOBE UNION INC
5757 NORTH GREEN BAY AVENUE
MILWAUKEE WISCONSIN 53201

M-6829
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We've pioneered every important
stage in connector design.
Imaginative engineering

that's unmatched in the industry
distinguishes ITT Cannon
connectors as the standard for
reliability in space vehicles,
ground support equipment, or any
application where highly
engineered connectors are
paramount requirements.

Backcd by a rigorous reliability
program, inciuding identification
and traceability when required,
ITT Cannon offers the widest

selection of connectors available
— for every application and
environment — microminiature,
subminiature, miniature,

and standard to solve every
conceivable connector problem
such as hermetic sealing,

heat, radiation, shock, vibration,
non-outgassing.

ITT Cannon is also the foremost
supplier of special, highly engi-
neered connectors for missiles
and space vehicles, including
breakaway-umbilicals, interstage
disconnects, harnesses,

What you can imagine...ITT Cannon provides.

and associated equipment. If you
have a special requirement,
contact ITT Cannon, the world’s
most experienced and
imaginative manutfacturer of
electrical connectors.

Write for our “Connector

Selection Guide.” ITT Cannon

Electric, 3208 Humboldt

Street, Los Angeles, California

90031. A division of International

Telephone Y TTT T
CANNON

and Telegraph (=

Corporation.

cannon I TT
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thick film networks
will put you
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Packaging—Advanced manufacturing capability covers virtually
every type and every configuration of resistive and,or capacitive
networks—single or dual in-line, as well as flat-packs, with or
without herinetic sealing.

Characteristics— Exclusive and patented formulations enable A-B
to provide resistance values fromn 1 ohin to 5.0 inegohin. Ratings to
20 watts/in? at 85°C. Capacitance values from 10 pfd to 0.5 mfd
with voltage ratings to 50 volts. Applications include precision
tuned circuits.

Performance—Standard resistance tolerance *10%. For critical
circuitry, tolerances to *0.17; can be furnished—with resistances
and TC’s matched. Temperature coefficient less than 250 ppm in
all cases. Special units to 100 ppim or less. Load life stability of 1¢7,
in 10,000 hours can be achieved.

Reliability— Allen-Bradley has precise control over all

raw materials and manufactures all basic components—

glasses, organic materials, and substrates. Special

machines—designed and built by A-B—assure uniform
product quality—at a competitive price.

&

Timing — Allen-Bradley has unique in-plant
ceramic facilities. Prototype networks—with
or without holes—can be prepared to ineet
your specific necds. Quickly. Economically.
For more details, write Henry G. Rosenkranz,
Allen-Bradley Co., 1315 S. First St., Milwaukee,
Wis. 53204. In Canada: Allen-Bradley
Canada Ltd. Export Office: 630
Third Ave., New York, N. Y.,
U.S.A. 10017.
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The Electronics Group of The Bank of New York
has only full time industry specialists.

If your needs involve financing, corporate or product
development, mergers, acquisitions, stockholder relations, options,
pensions or other considerations, no one is better equipped than

our full time "electronics bankers’’ to assist you in finding the
solutions for continued growth and increasing profits.
Ona comprehensive, first-hand level, the officers in our Electronics

Group, Special Industry Banking Division, have a unique ability to
give your company the most experienced attention in the field.

Ask yourself if you can afford to have your financial needs handled by W YORK

other than a banker who concentrates exclusively in Electronics.
ELECTRONICS GROUP

Special Industry Banking Division
Write for our new Electronics Group booklet. 48 Wall Street ¢ New York, New York

.. a specialist from The Bank of New Y ork
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Precision Metal-Grid resistor neﬂ/o;orl s
approximately 1Y times actual size

The advanced capabilities
developed from years of mane®
facturing Allen-Bradley Metal-C
resistors—are now applied to a ne
line of resistor networks. This technology
enables the production of complex resistive
networks on a single substrate.

Allen-Bradley’s exclusive simultaneous deposition
method is- used to obtain the best resistance tolerance
and temperature coeflicient matching. The reliability of
interconnections on the common resistance plane is incom-
parable. Uniformity and quality are inherent in A-B networks.
To illustrate, 2 PPM temperature tracking is normal.

A-B Metal-Grid networks offer a wide range of values—with
individual resistances as low as 25 ochms and as high as 2.0
megohms. Both the inductance and capacitance are low, per-
mitting efficient operation at high frequencies.

A-B engineers will be pleased to cooperate in dcvelopmg nete
works for your specific need. For additional details, please write ta*
Henry G. Rosenkranz, Allen-Bradley Co., 1315 S. First Street, Mil
waukee, Wisconsin 53204. In Canada: Allen-Bradley Canada Ltd.
Export Office: 630 Third Avenue, New York, N. Y., U.S.A. 10017.

BRIEF SPECIFICATIONS

Resistor Networks Ladder Networks
Tolerances: +1.0% to +0.01% Full Scale Acc:.nracy: 10 bits or less, N
f g better than + !4 least significant bit. More
Resistance Matching: to 0.005% than 10 bits, better than + % least
Temperature Range: —65°(§ to significant bit.
+175°C Frequency Response: Less than
Temp. Coef.: to +5 ppm/°C 100 nanosecond rise time or settling ti
Load Life (Full load for 1000 hr Temp. Coef.: Less than 10 ppm/°C
@ 125°C): 0.2% maximum change Temperature Range: —65°C to +175 QUALITY ELECTRONIC COMPONENTS

TC w2



PACT cuts losses in
latching microstrip
circulators 800/o
in twelve months

Engineers at work in Sperry's PACT (Progress in Advanced
Component Technology) Program have announced outstanding
success in an intensive 12-month campaign to cut insertion
losses of external loop latching microstrip circulators.

When the effort began, the loss figure was 2.5 db at X-band;
today, Sperry has built external loop latching circulators with
insertion loss of only 0.5 db at the same frequency.

PACT's latching circulator work actually began with an in-
ternal loop configuration, YIG subtrates were prepared with
loops of .005” and .010” platinum wire fired in place. Test data
were taken at substrate thicknesses of .100”, .075” and .055".
Results showed that, while fixed bias performance improved as
thickness decreased, other factors caused latching performance
to deteriorate.

INTERNAL LOOP X-BAND LATCHING CIRCULATOR

While the test results obtained with the internal loop device
were generally satisfactory, PACT engineers felt that the con-
figuration had some inherent disadvantages. Among these were
difficulty and expense of fabrication, and unsuitability for use
in modules. This led to extensive investigation of the external
loop design.

PACT personnel found one immediate advantage: when
working with external loop, they could consider the substrate
and the latching plate independently. Intrinsic and physical
properties of the substrate material could be chosen for good

SPPERRY

MICROWAVE ELECTRONICS DIVISION

CLEARWATER, FLORIDA
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MICROWAVE IC
PROGRESS
REPORT #4

microwave performance, while latching plate design need only
consider hysteresis and other switching parameters.

“3 ? : v

EXTERNAL LOOP X-BAND LATCHING CIRCULATOR, WITH
LATCHING PLATE AND SUBSTRATE SHOWN SEPARATELY

Since temperature and high power stability are prime design
parameters, the program settled on a design using .482" square
x .055” thick hybrid YIG substrate. Lithium ferrite — a material
with saturation magnetization of about 3500 gauss, a coercive
field of 2.0 oe, and a very square hysteresis loop — was chosen
for the latching plate. The switching loop was four turns of #24
copper wire.

Using this configuration, PACT engineers have achieved
switching times of less than 1 microsecond, with performance
as indicated in the accompanying curve.

\ 240
5 Va N]22.0
® 20.0 =
@ e 18.0 a
o W -
9 SUBSTRATE.  —16.0 .
= vi6 (2%0Y) a0 2
3 0.482 IN. SQUARE _| 5 a
= 0.055 IN.THICK : .
w 2.0 @
2 10
0

90 9l 92 93 94 95
FREQUENCY (GHz)

PERFORMANCE OF EXTERNAL LOOP
LATCHING CIRCULATOR

For further information about PACT work on latching micro-
strip circulators and their coming application in microwave IC's,
contact your Cain & Co. Representative, or write Sperry Micro-
wave Electronics Division, Sperry Rand Corporation, Clearwater,
Florida.

For faster microwave progress,
make a PACT with people
who know microwaves.
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‘McNamara line’ Electronics probably played a major role in President Johnson’s decision
to stop all bombing of North Vietnam. It appears that U.S. field com-

probably had role manders went along with the halt because of the sucoessful operation of

inbombing halt... the top-secret “MeNamara line”—the electraic guard along the demili-
tarized zune [Electronics, Sept. 18, 1967, p. 52]. The sensor network
enables them to keep track of troop and supply movements into the south.
The makeup of the network has been kept so secret that, according to
one anti-intrusion radar manufacturer, “We don’t even know what we're
doing for it.” Several code numes are said to be used in procuring equip-
ment.

The system consists of many short links because most sensors operate
best at short range. Sensurs had to be operatio-al last year when the
go-ahead was received to build the top-priority line. An elaborate te-
lemetry network links every sensor—many kinds are used in a random mix
—to a control station. Sensors that were available for the net included
active-infrared, seismic, pressure, magnetic-strip, acoustic, and simple
hreakwire devices [Electronics, Aug. 7, 1967, p. 46].

« .. and Army eyes Though the “McNamaru line” apparently is working well with existing
. sensors, the Army s moving toward a major procurement of new port-
new tactical radar able tactical radars for battlefield surveillance and infiltration detection.
Designated AN/PPS-9 and AN/PPS-10, the 10-pound radars are now
being field-tested in Victnam and are reported to be meeting military
requirements. Both General Dynamics Eloctronics and RCA have deliv-
ered w its for Uie tests, but a half-dozen or more manufacturers will
compete for production orders, estimated at $15 million or more in this
fiscal year.

Mariner-Mars may = NASA’s 1973 Mariner-Mars missions appear to be undergoing significant
changes in emphasis. The program fared so poorly in the fiscal 1969

take on a new look budget that space agency officials apparently feelythat they might as
well start again from scratch.

As originally proposed, the probes were to have culminated in rough
landers, but NASA’s Langley Research Ceuter has just been briefed by
firms doing study work, and it's known that soft landers are being se-
riously counsidered.

The space agency would like to use Titan 3C boosters for these mis-
sions and for other launches, including the ATS-F and G. It will try to
get them by juining forces with the Air Force in the budget scramble;
the rationale is that both will stand a better chance of success if they
submit their requests for the rocket as a single volume order.

Tacsatcom, DSCS Pentagon planners are now seriously considering combining the third-
generation Defense Satellite Communications System (DSCS) and the
may be consolidated next stage of the Tactical Satellite Cammmlic?ations (glzogra)m into a
single global system, The DSCS was originally envisioned as a system
of small satellites relaying strategic trunkline traffic to large ground sta-
tous, while Tacsatcom plans call for a big satellite and small tactical
ground terminals. But these distinctions have been biurred in second-
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Added Nimbus job
proposed by IBM

Army will choose
PWI system soon

Addenda

Washington Newsletter

phose DSCS designs, which slate spacecraft about as powerful and
complex ax the Tacsatcom’s [Electronics, July 8, p. 64].

Design of the next generation of Tacsatcom and DSCS satellites will
begin early next year, or soon after the contract for the second-gener-
gtion DSCS 1s awarded. It’s also possible that the Defense Department
will simiply add to DSCS-2 as the need arises, replace the entire system,
go abead and build two separate systems, or use the two for both tactical
and stralegic cominunications.

The present timetable gives the Pentagon ample time to decide. The
Air Force Space and Missile Systems Organization will receive contractor
proposals for the DSCS-2 in two weeks. The $100 million-to-$200 million
award, cxpocted as early as February, will cover six stationary satellites,
including backups. Delivery is expected 22 months after award. The
experimental Hughes-built Tacsat is to be launched next year.

An additional mission that could lead to more accurate weather foreeasts
has been proposed for the Nimbus program of experimental meteorologi-
cul satellites, 1M gave NASA an unsolicited proposal to study the space
hardware needed to chart cloud motion on a global basis. Such informa-
tion could be used to make a worldwide index of wind velocity. Meteor-
ologists suy the index could improve forecast accuracy for periods up to
two weeks.

One problem, however, is that the plan would require four satellites.
A NASA official points out that the Nimbus program is unlikely to have
more than two spacecraft up at once, even though four launches are
schieduled In the next four years. Other craft, such as future Applications
Technology or ESSA satellites, would have to be used.

Television cameras and infrared radiometers on the satellites would
senid duts to the grund for analysis by a digital computer. IBM suggests
low-orbiting eraft but points out that synchronous types could be used.

The Army expects to choose soon—possibly this month—between Bendix
snd Honeywell designs for a lightweight pilot warning indicator (PWI)
for slow aircraft. Five firms originally submitted off-the-shelf units for
evaluation at Ft. Rucker, Ala., but the Motorola, Goodyear, and Melpar
entries washed out.

Destgned for use with the TH-13 training helicopter, the 8-to-10-pound
PWI's use cither vhf or doppler radar signals to give pilots both audio
and visual warnings of other craft within 2,000 feet of them. The units
could nlso be used in civilian aircraft.

The Nuavy has received Pentagon permission to complete its Omega
pavigation system by adding four stations to four already in operation.
The new veory-low-frequency shore-based transmitters will be situated in
the areas of the western Pacific, Tasmanian Sea, and Indian Ocean, and
in southern South America; they should be operational by late 1972. The
U.S. will receive some foreign financial support for the system, which
could be nsed by commercial vessels as well as warships. . . . The Army
is sgain cousidering Ryan Aeronautical's AN/APN-182 doppler radar
navigator, The set was bought by the Navy for ASW helicopters but has
twice Hunked Army tests.
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0-20Vdc <1000A

0-150Vdc <70A

-130Vdc235A

[I- 300Vdc e39A

0-300Vdc <18A
0-600Vdc18A

New Sorensen High Power DCR’s:

The addition of 6 new modelis now brings the total number of
Sorensen regulated, high power, high efficiency DCR’s to 34—
the widest product line from the industry’s leader in both DC and
AC power supply technology and production.

The DCR Series covers the voltage ranges of 0-20/0-40/0-60/
0-80/0-150/0-300/0-600/ and even up to 6000 Vdc at power levels
of 400, 800, 1500, 2400, 5000, 10,000 and 20,000 watts. And —
Sorensen's 25 years experience in design and manufacture makes
it possible to offer these power supplies from stock at prices as
low as 19¢/watt.

The DCR Series offers all of the standard features found in state-
of-the-art power supplies including Voltage/Current Regulation,

for more data on this versatile instrument .

Electroniecs | November 11, 1968

Low Ripple, Remote Programming, Remote Sensing, Operating
Temperatures to 71°C and compliance with MIL-I-26600 and
MIL-1-6181D.

FREE! An illustrated data package containing detailed electrical
and mechanical specifications for each DCR power supply and
a new CATALOG featuring 176 different Sorensen regulated DC
and AC power supplies.
Operation, Richards Avenue, Norwalk, @
Connecticut 06856. TWX 710-468-2940

. Call Sorensen: 203-338-6571

Circle 89 on reader service card 89

Contact your local Sorensen representa-
tive or Raytheon Company, Sorensen



If you don’t know the A709 has been replaced,
we have a little surprise for you:  The pA74l.

The p A741 is the only monolithic operational amplifier that has
frequency compensation built right on the chip. It's a pin-for-
pin replacement for the p A709.
An improvement in performance
without an increase in price:

Differential Input Voltage . . . . . . . . . . . 230V min.
OffsetCurrent . . . . . . . . . . ... ... 200nA max.
Offset Voltage . . . . . . . . . . c e e e ] 5mW max.
Input Resistance. . . . . . . . . . .. .. .. 300k min.
Output Swing . . . . . . . . . . . ... ... +12V min.
Power Dissipation . . . . . . 5mW with =5V supplies typ.
No latch-up when the common mode range is exceeded.

PacKager ™ fw £ - B - - -@®l: B 3§ 6 - hermetic DIP
Order Number . . . . . . . . .. .. ... U6E7741393
Bricem® B & - - - - - - -EM YR $3.25 (100 up)

The wA741 is a key member of
Fairchild’s family of Second
Generation linear integrated
circuits. Basic building blocks
for virtually any linear applica-
tion. New devices with better component matching, better
specifications, increased chip size and higher complexities.

90 Electronics | November 11, 1968
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Other members of the
family include the
highly versatile u A723
Precision Voltage
Regulator, wA721
Temperature-con-
trolled Differential
Preamp, . A733 Wide
Band Dlﬁerentlal Amp_ Unity gain ampiiie buit with A7 ) Unity gain amiiie buikt with xA741.

lifier and the p A722 MSI Programmable D/A-A/D Converter
Current Source. 1 Compare our Second Generation Linears with
any Linear ICs on the Market. You'll find there’s a big difference
between price/performance and price-per-product. o0 Write for

detailed specs on the entire linear family.
AIRCHILD

Fairchild Semiconductor 01 A Division of SEN oD GO
Fairchild Camera and Instrument Corporation ©313 Fairchild Dr.
Mountain View, Calif. 94040 01(415) 962-501100 TWX: 910 379 6435
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Sealok:

new Burndy micromodular
!nterconnection system
is ultra-reliable

withstands
temperature, vibration,
shocks, wire training,
moisture and most
fluids and gases.

Whew!

Developed to provide density for critical ap-
plications, the new Burndy Sealok system elimi-
nates current intermittencies and variations in
millivolt drop.

Designed so that they are unaffected by se-
vere training of wires, modules are protected
by a rigid outer shell. Exclusive with Burndy, this
protects the sealing grommet and other in-
ternal components and provides a guide for
proper insertion and extrac-
tion of contacts. The inner

construction (illustrated far right) insures that
every contact is held firmly against the bus
bar.

Sealok modules and contacts are available
in sizes 20, 16 and 12, with one hybrid module
which accommodates both 16 and 20. Con-
tacts cover a wire range of 24 thru 12 and
are easily and quickly installed with standard
tooling. Sealing plugs for unused positions are

also available. Write for

,'_';_;' BURN DY catalog giving full details.

Norwalk, Connecticut

INTERNATIONAL SALES HEADQUARTERS AND MANUFACTURING FACILITIES:
CANADA: Scarboro, Ontario / ENGLAND: St. Helens, Lancs. / BELGIUM: Mechelen / MEXICO: Naucalpan de Juarez / BRAZIL: Ss0

Circle 92 on reader service card
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Extruded aluminum
track is available
in 6-foot
lengths or to
specification.
End clamps
keep modules in
track and
provide
mechanical

_/' rigidity.

(below) Plan view of Sealok modules shows clear e
identification of contacts and bussing arrangements. —
Different bussing arrangements available in each module size. —

SMOOTH ROUNDED ENTRY
prevents wire domage.
Hard face restricts

X motian of wire

SEALING GROMMET to maintain
molded with - Integrity of seal.

double glands of
silicone rubber,

excludes maisture
Track features X \ andlotherlinuriouy
recessed mounting olements.

hardware so there is no interference with removal of modules.
Two-piece end clamp construction permits insertion < ' ‘ ‘ glass filled,

e OUTER SHELL

of lightweight
thermosetting
diallyl-

: . ph’hah:Lh .
BUS BAR ' per MIL-M-14F,
sofid brass, r i : .~ type SDG-F.
gold plated, 3 - Color green.
shaped to »
insure low
insertion
ond extraction
forces.

from ends or top anywhere along track.

CONTACT BARRIER
inner housing
supports
retaining
spring and
™ - bus bar and isolates
easily inserted BaTacT each contact

Oﬂd removed brass pasition,
per Fed. Spec. RETAINING SPRING

with inexpensive QQ.B.625, EHbetylamicoppar
gold plated. holds contact firmly

stainless steel tool. against bus bar.







Specify TI multilayer boards

..whether you need one

in two weeks-or
2,500 a week!

When your needs are critical for
fast delivery of high performance,
reliable multilayer boards, specify
Texas Instruments. Recently for
one customer, TI went from sche-
matic, through design, to delivered
prototype of an automatrix multi-
layer board in just two weeks. For
another customer, TI is currently
delivering 2,600 complex multilayer
boards a week!

Whatever your program require-
ments, call upon Texas Instruments
for complete interconnection system
support. Customer services avail-
able include complete computer de-
sign from schematic or data list
level, computer generated artwork
from your layouts, or manufacture

Reliability assured — through 100 per-
cent electrical test of every board.

of boards from your artwork.

Processes, production facilities,
and manufacturing procedures meet
military specifications.

How about TI multilayer board
reliability ? Through 15 October we
have recorded 400 million joint
hours of operational testing with-
out a single joint failure.

When you need multilayer boards,
many or just one fast prototype,
and you require quick, accurate
design and high reliability, call
(214) 238-2903, or write: Ad-
vanced Circuit Board Department,
Texas Instruments In-
corporated, P. O. Box 2
5303, M.S. 979, Dallas, \ é 5
Texas 75222.

TEXAS INSTRUMENTS

Electronics | November 11, 1968
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Scotchpar’s producer uses more supporting players
than any other big name film producer.

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 m®arket—to make sure Our men help capacitor manufacturers
SCOTCHPAR® polyester film turns in a 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 scorcHPAK® 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
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From Monsanto:

130,000,000 =

discrete frequencies
with almost perfect purity.

BLE DECADE

DRIVE SELECT

New “4th generation”

digital frequency synthesizer achieves new level of
perfection in signal generation

with computer-aided design

and I-C construction.

Monsanto’'s new Model 3100A Digital
Frequency Synthesizer obsoletes just
about every present concept of general
purpose signal sources.

Pick your frequency from 0.1 Hz
to 1.3 MHz in 0.01 Hz steps. The result
—signal purity you can get only from
Monsanto, with a stability of one part
in 10% per day.

Circle 97 on reader service card

Other refinements include: inter-
nally supplied rapid or slow sweep and
provision for external sweep; continuous
control of output level over a 90 db
range; provision for both amplitude
modulation and frequency modulation or
both, simultaneously; in the remotely
programmable version, switching time
is less than 20 microseconds.

You can put this better way of
signal generation to work for you for only
$3950.00, FOB West Caldwell, N.J.

For a demonstration, or for full
technical details, call your local Mon-
santo Field Engineer now or contact
us directly at: Monsanto Company,
Electronic Instruments, West Caldwell,
New Jersey 07006, (201) 228-3800.

Monsanto
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SIEMENS

Do you have
the question

to this answer?

The only limits to the questions answered by the Siemens
Gas-filled Surge Voltage Protector are your needs, and your imagination.

Tiny, lightweight, a handful can protect a ton of sensitive
electronic equipment, especially supersensitive solid state circuits.
They give you tailor-made protection in hundreds of places
throughout circuitry. With current carrying capacities up to 5,000
amps. With DC striking voltages from 90V to 1000V. With reaction
speeds in the nanosecond range. And with a cost of less than
$1 in quantity.

Lightning strokes, static charges, internal switching,
short circuits—all these transient dangers are guarded against by
these tiny, tireless sentries— Siemens Gas-filled Surge Voltage
Protectors. If you've got a protection question, call Siemens America
Incorporated for immediate protection delivery.

Send us your questions!

SIEMENS AMERICA INCORPORATED
350 Fifth Ave., New York, N.Y.10001 : (212) 564-7674
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CINCHIPRECISION MINIATURE SOCKETS

» 1

INSURE EQUIPMENT DEPENDABILITY

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

Actual size c . N c H

MEMBER DIVISION O F UNITED-CARR

"ﬂl]]lﬂl]]'
THE L ING
TR

,@ CONSISTING OF CINCH MANUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MONADNOCK. CINCH-NULINE. UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT.
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*Base price, $5,950.00 each. With optional decade
box, illuminator, foot-switch operation, $6,350.00.

100

Model LAT-100
The $6,000* Resistor Trimming

System

The number to call is 212-661-3320 for a demonstratioxi

y i

like this—and you can bring your wife along if you like.

ALL us collect or write to
arrange for a demonstra-
tion of S. S. White’s new

LAT-100, the complete, low-cost
resistor trimming system for R & D
and prototyping.

The LAT-100 automatically
trims, monitors, and inspects PAF
resistors to tolerances within 1%.
That’s guaranteed. In tests, 0.5% is
often achieved. A precise 4-wire
Kelvin bridge is integral to the sys-
tem, which, with the optional
plug-in decade box, permits the sys-
tem to be programmed through five
digits and three multipliers—from 0
to 10K and from 0 to 1M. Tolerances
may be programmed from 0 to
+11%. Panel controls permit
operator to overide the automatic
cycle at will.

A holding fixture takes substrates
up to 2x2 inches. A precise X-Y
stage has 4”"x4” movement. The
trim slide has an automatic fast-
return to place it exactly for the
start of each trim. Tungsten carbide
probes are mounted in a 14-posi-
tion mounting ring. An efficient
dust-removal system permits the
LAT-100 to be operated in clean
roons. Installation requires a 110
VAC outlet and a level spot.

Circle 100 on reader service card

Without further detail, the
LAT-100 does everything it's bigger
brothers the AT-701 and AT-704 do
—a little less accurately, to be sure,
and not nearly as fast—but what
can you expect for a trifling $6,000?

A step up from the LAT-100 is
the AT-701, a no-nonsense pro-
duction machine. The AT-701 can
produce 600 trims per hour with
guaranteed accuracy of 0.5% and
attainable accuracy of 0.1% when

Model AT-701 garners acco-
lades at IEEE show —top
scientist says ‘“Gee whiz.”

things are going your way. The
AT-701 with a decent amount of
employment (say 1000 hours per
year) produces trims at about Y2¢
each—including labor, materials,
maintenance, and amortization.
How about that?

But say you’re big. Really big.
We’ve got our big Bertha model for
you, otherwise called the AT-704,
which produces 4,000 trims per
hour with accuracy and cost similar
to those of the AT-701.

S. S. White resistor trimming
systems are based on the proven
Airbrasive® concept, controlled by
precision electronics. The Airbrasive
method of removing resistance
material produces neither heat nor
shock, does not alter substrate—
yields of 100% can be attained with
any of the S. S. White resistor trim-
ming systems at some sacrifice of
speed and tolerance. Each of the
systems trims and monitors simul-
taneously and inspects after each

trim.
15238
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=
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Big Bertha: Model AT 704
trims at 4,000/hour pace
for high volume producers.

Up to now we’ve been able to
offer fast delivery on all systems;
however the enthusiasm we’ve en-
countered over the LAT-100 sug-
gests that you'll be wise to place
your order early for this model.

Call us or write to arrange for a
demonstration of the LAT-100, the
AT-701, or (if you’re really big)
the AT-704. Or ask for bulletin
RT-14—it’s great to read on planes.

Inquire, S.S. White Industrial,
Dept. R, 201 East 42nd Street,
New York, N.Y. 10017. Telephone
212-661-3320.

S.S.WHITE INDUSTRIAL

A DIVISION OF PENNSALT CHEMICALS CORPORATION
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We make
it plain.
You make
it faney.

If you buy any of Honeywell’s
standard Series 70 Taut-Band
Meters, here’s what you'll get:

The Basics.

A plain square case.

A clear Plexiglas cover.

Large, plain markings. (You
can read them at arm’s length
without squinting. )

And the simplest meter mech-
anism known to man: Honey-
well's new Auto-Torque mecha-
nism. (It has about 50% fewer
parts than pivot-and-jewel.)

This is a meter with no frills.

. C.

The options.

However, frills are available:

Fancy dials, with multiple
scales and multi-colored sectors.
(A fancy dial looks great on a
plain meter. )

Lighted dials.

Mirrored scales.

Behind-panel mounting with
a bezel. (For 212", 3%” and
41%” meters. )

Plus just about any other mod-
ification you might have in mind.

The specs.

The taut-band mechanism is
completely frictionless, so it re-

The
Just Plain

Meter from
Honeywell

MILLIAMPERES

sponds to the slightest inputs.
Hysteresis-free, so its repeatabil-
ity is near perfect.

And it costs less than pivot-
and-jewel.

Honeywell’s Series 70 Meters
come in 33 standard ranges. And
5 sizes (114”7, 214”, 315", 414"
and 6”).

We sell a lot of them.

(We'd like to send you a cata-
log. Write Honeywell Precision
Meter Division, Manchester,
New Hampshire 03105. )

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

Electronics | November 11, 1968
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Automatic Trouble-shooter

Want to eliminate the costly confusion
and tedious turmoil of trouble-shooting
electronic circuitry to find manufacturing
mistakes and faulty components?

Use F-1-X:I-T - - Fault Isolation by Inspec-
tion Testing. F-I-X-I-T automatically
checks each circuit component individually,
including IC’s. Checks each connection
and each lead.

By visual display and print-out you’ll
know - - instantly - —exactly where the trouble
is, what to repair or replace, and which
production line operation needs correction.
F-I:X:I-‘T turns trouble-shooting into
an assembly-line function; saves space, time,
manpower and money. Is universal to
any electronic assembly. Can pay for itself
in 90 days.

And F-I-X-I-T is so ingenious, it even () .
checks itself! Systomation Inc.
®

For more information about how FI-X:-I-T 140 ERIE BLVD./SCHENECTADY, N, Y. 12305
p . ! TEL. 518/393-3638
will trouble-shoot automatically, improve

product quality and lncrease your manufac_ Manufacturers of F-1:X:1'T, GUARDOHM®. Consultants in
. . . and manufacturers of electronic, mechanical and optical engi-
turing capabl]lty, write or phone. o neering products and systems. You name it; we'll automate it.

Place circuit board on test block. Automatic

vacuum control draws board down to make

precise contact with spring-loaded pins.
FI-X:I'T tests entire board in seconds - - com-
ponent by component - - and gives you a separate
print-out for each board tested. If no-go, each
faulty component or mis-manufacture is identified
by number and location.

Deluxe F-I-X-I'-T provides up to 600 access
points with which circuits containing up to
1000 components can be checked. Checks

1C’s, too.
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This series of DTLs also has the ex-
clusive Goldilox protection system that’s
built right into the product. Goldilox pro-
tects ICs against current leakage, mois-

oy M c WCZ 261 | Dual NAND gate ture, and the interaction of different
GOIdlIOX buut—ln WCZ 236 | Triple NAND gate d metals at the contact points. The WCZ
¢ WCZ 226 | Triple NAND gate d 200 series is capable of collector OR-ing,
protectlon SYStem WCZ 216 | Triple NAND gate : is compatible with standard DTL devices,
i WCZ 266 | Quad NAND gate . B oo L S Beck e
gives DTLs WCZ 246 | Quad NAND gate . e R

why the WCZ 200 series with Goldilox

high nOise margin With ;’Avlg% ggg Monostable . protection is your best buy in high thres-

Dual driver d hold logic. For full application data, call

Mil Spec re“ability. WCZ 275 | Dual JK flip flop our local sales office, or Westinghouse

Molecular Electronics Division, Elkridge,
Maryland (301) 796-3666. 1-09180

, Only from Westinghouse — the WCZ 200 N
And thats n0 senri}elasr(:)rirn higls1 I?I?reiﬂf)?d Iogeic, with a You can be sure...if it's

H i in of 5 Volts DC, and t- H
falry tale. ?noglsfnTI?erg;;gp(:Jlar 1% \7olt po?Nlr :S;;;?y. Wes'"nghouse @

Goldilox ICs

block out
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If you want to know
what wire costs,
don'tlook at a price list.

Ask people.

ASK A DESIGNER...He measures
an insulation by what it lets him
accomplish. Before you specify the
insulation for your next design,
make a value-in-use analysis of
TEFLON*.

ASKA PRODUCTION MAN...
He’ll emphasize the cost savings
that come from fast, trouble-free
production. The resistance of
TEFLON (TFE) to solder-iron heat
speeds production, reduces re-
jects and minimizes rework.

ASK AN ACCOUNTANT...He'll
give you an estimate of the cost of
an insulation failure—a cost you
may avoid by using TEFLON.

Ask these London bobbies. Their
mobile radios are smaller because ASK YOUR SUPPLIER about the

the hookup wire is insulated with : .
TEFLON, whose electrical properties many wire and cable constructions

permit thinner insulation. Tais is  insulated with TEFLON...includ-

“value-in-use”. ing composite constructions...that
offer extra value-in-use for your
most exacting applications. For
further information, write Du Pont
Company, Room 6669-C, Wilmington,
Delaware 19898,

®Reg. U. S. Pat. O, for Du Pont tiuoroc arbon resing and tiim

TEFLON...the sure one

REG, U, & PATOF

Better things for better living
...through chemistry
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How Sel-Rex

can help you
save money in
precious metal plating...
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The five cost tactors in

...and the advantages to you of the

The ultimate cost of precious metal electroplating
is affected by a number of factors—

both within and outside your plant.

Five of them are the keys to vendor selection.
These factors are interrelated, and if

not considered as a whole, there is a likelihood
that your precious metal electroplating

may cost you more than it should.

1. The Process Itself

The selection of the “right” precious metal plating process

is not a casual matter. We work diligently with our customers
to make sure that the processes they use give optimum
results. With almost two dozen Sel-Rex gold-plating processes
alone for industrial applications, there’s no need to
compromise on results. Equally important is a review

of your needs from time to time, to verify optimum
performance in light of curreni conditions.

More companies use Sel-Rex precious metal electroplating
processes than those of any other supplier in the world.
Because of this, there’s a greater likelihood we can meet your
needs more precisely than anybody else.

RN
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Ry, "

¢
z

2. The Equipment

The Meaker Company (a Sel-Rex subsidiary) specializes in
equipment to meet the unique needs of the electronics
manufacturing industry, watchcase and jewelry
manufacturers, and others who demand absolute precision
in plating. Not only does properly designed equipment
facilitate the processing of your product, it also provides for
efficient maintenance of plating baths and other solutions.

Meaker manual and automatic equipment is designed not
only with your present needs in mind, but also in keeping
with the direction of your growth. Modular “packaged”
equipment by Meaker has been a significant contribution to
the field — saves time and money in setting up, in operating,
and in modifying to meet changing needs.



precious metal electroplating

Sel-Rex “total approach” to your problem

3. Technical Assistance

We regard our relations with our customers as a partnership.
To this end, the largest and finest technical service staff in

the industry is committed to helping our customers obtain
maximum benefits in their precious metal electroplating
activities. Analytical and metallurgical laboratories, and
modern prototype plating facilities are located not only at our
central headquarters, but also in the field, to be closer to you.

All in all, with Sel-Rex you have access to the greatest
storehouse of technical experience in the precious metal
plating field. You save down-time and gain work-time with
this kind of service.

4. Research Support

Your ultimate costs may be more directly affected than you realize by the quality
of research available to you from your supplier. Sel-Rex research can be a
competitive advantage to you. Our long-range research has lead to such
developments as the first bright gold, the first acid gold, and the first non-cyanide
gold processes for industry. But we are also continually “researching”

our present processes to make them work better for you.

A constant interface between our research and technical service groups brings new
developments to bear on your needs quickly and efficiently. By giving additional
valuable characteristics to pure gold deposits. Sel-Rex research recently helped

more than a few of our customers reduce costs substantially. Significant cost reduc-
tions are also being obtained at a number of accounts with our new 18-Karat (75 %
gold alloy) deposits—suitable for both decorative and engineering applications.

5. Recovery Service

We want you to use our gold —not lose it. For plating lines,
we have developed ion-exchange equipment that

keeps precious metals from going down the drain. But our
services wouldn’t be complete without a concern for

total precious metal accountability in your plant.

We start with a review of scrap segregation and salvage
procedures in your plant to insure minimum refinery
handling charges. We utilize the latest techniques

for sampling and assaying. Our first-of-its-kind published
schedule lets you know the value of all forms of precious
metal material. A recently expanded refinery devoted solely
to precious metal recovery provides the capability

to extract maximum value from your scrap.

Another Sel-Rex factor in keeping your costs down.

Save with Sel-Rex. We have listed five
specific areas in which we can help you
control costs. Together they make up our seI-Re Q
Total Approach to your precious metal ;
electroplating needs.




Add to the five factors listed here one more
—Sel-Rex serves you wherever you are.

Subsidiaries and associated companies in
Canada, Great Britain, Switzerland, France,
Holland, and Japan, togetheér with a network
of techmically skilled diﬂril)utors, provide
Scl-Rq‘ products and services throughout
the world. So, whether you reckon your
costs in dollars or any other currency, you
can save with Sel-Rex. '

()AC

Printed in U.S.A. SR-105

Sel-Rex Corporation
Nutley, New Jersey 07110
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SPECIFICATION RATINGS:
Veex = 700V min
cho(SUS) = 400V min
hgg = 15-60 @ 3.0A
Vce(sat) = 0.5V @ 3.0A

Also available in 500 Volt Vcgx versions,
2N5466 and 2N5468; all other specifica-
tions identical.

HIGH VOLTAGE
NPN Silicon Power
TRANSISTORS from

Llolitron

2N5467 2N5469

70-66 //%
80W @ 100°C 40W @ 100°C
1.25°C per W 2.5°g:l)per w

High voltage, triple-diffused silicon power tran-
sistors are now available from Solitron, with Vcex
up to 700 Volts. Typical applications include
horizontal deflection circuits, ignition systems,
CRT sweep systems, high voltage switching
mode regulators, high voltage pulse amplifiers
and high voltage pass series regulators. Priced
low, they are available in TO-3 and TO-66 cases.

TYPICAL GAINS AND SATURATION VOLTAGES
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COLLECTOR CURRENT IN AMPS

Dial 1-800-327-3243 for a “No Charge”
telephone call and further information
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SEMICONOUCTOR DIVISION

@0|itr0n DEVICES, INC.

1177 BLUE HERON BLVD. / RIVIERA BEACH, FLORIDA / TWX: (510} 952-6676
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“lotal capability”

SOUrce

There's a reason why Burroughs is a preferred source for hybrid microcircuits. It's TOTAL CAPABILITY.
TOTAL CAPABILITY is the unique ingredient that keeps Burroughs ahead in hybrid circuit
leadership and enables you to reduce system size with increased reliability.

Burroughs now offers the entire circuit package® and its components — all designed
and fabricated under the eyes of experts in one complete in-house operation, providing
economy, high reliability, quality control and prompt delivery.

» Hermetic Packaging s MS| Capability m Computer Test Facility m Fully Documented to
MIL-Q-9858A and MIL-I-45208

Buy your hybrid microcircuits NOW from Burroughs, and discover what

Burroughs Total Capability can do for you.

uits

Call or write Burroughs Corporation, Electronic Components Division,
P.O. Box 1226, Dept. H1, Plaintield, New Jersey 07061.

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

*Circuits are available in various
configurations with resistors,
capacitors, and discrete IC
and MS] chips, mounted.

Burroughs @

Clrcia 110 oft readler sefvice cirg



Analyzing air pollution
with infrared and logic
page 112

Where things stand with
cylindrical film memories
page 124

Taking shortcuts
in color tv cameras
page 134

MOS multiplexer avoids
high-frequency hazards
page 152

Faster IC
chip connections
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November 11, 1968 | Highlights of this issue

Technical Articles

Parallel active filtering and pattern-recog-
nition logic give a prototype pollution ana-
lyzer more versatility than conventional
models. The electronics portion of the sys-
tem takes over many functions usually per-
formed by the optics, allowing the analyzer
not only to detect polluting substances but
to identify them, distinguishing among
those with similar infrared spectra. The
electronics carries out Fourier-transform spectroscopy and
indicates whenever a contaminant exceeds an acceptable level.

Electronics

Cylindrical film memories are coming into their own. Authors
from three companies specializing in these types have con-
tributed articles to Electronics’ continuing series on memory
technology. Since commercially introducing plated wire two
years ago, Univac is forging ahead with this technology, and
its prospects are good. National Cash Register has gone all
out with plated rods in its Century computer, unveiled earlier
this year. And Librascope, a division of Singer-General Pre-
cision, continues to develop woven-wire memories for aero-
space applications.

Highly stable solid state circuitry permits the elimination of
many sophisticated trimming circuits in a new color tele-
vision camera costing a quarter the price of conventional
studio units. And even with such inexpensive optical com-
ponents as vidicon pickup tubes and standard 35-millimeter
lenses, the camera, when used with an image enhancer, pro-
duces broadcast-quality pictures.

When signal frequency goes much above 1 kilohertz, the
performance of metal oxide semiconductor switches can de-
teriorate seriously. The signal can feed through from an off
channel to one that’s on, it can be attenuated significantly,
and the switching transients can become very large. Fortu-
nately, however, mathematical analysis of these effects makes
it possible to design circuits that are immune to them.

Coming

A wide-ranging look at various efforts to improve semicon-
ductor chip mounting by such schemes as beam leads, spider
bonding, and flip chips.
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Industrial electronics

Pattern-recognition logic
analyzes infrared signals

Prototype pollution detector uses an optical interferometer but can identify
several contaminants because its logic and active parallel filters

enable it to distinguish among those with similar spectra

By Alan Bessen

Ford Instrument Division, Sperry Rand Corp., Long Island City, N.Y.

Long a junior partner to optics in infrared contam-
ination analyzers, electronics assumes the senior
role in a prototype unit with the addition of par-
allel active filters and standard logic elements.
This new analyzer not only detects several pol-
lutants but identifies them accurately. The clec-
tronic data-analyzer unit carries out Fourier-trans-
formations and decision rules, and turns on a light
when a given contaminant exceeds a threshold
level.

Most conventional instruments are designed to
measure only one contaminant—sulfur dioxide, for
example—at a time. When the environment contains
several contaminants with similar spectral patterns,
such instruments can’t tell them apart and can thus
produce erroneous readings. And the use of a bat-
tery of analyzers, each responding to only one
contaminant, may be very costly in such applica-
tions as area surveys. While it’s possible to use
several conventional analyzers, with more sophisti-
cated optical configurations to improve selectivity,
doing so can sharply increase cost and mechanical
complexity.

The prototype analyzer, however, can handle
several contaminants without changing optics be-
cause its filtering and logic enable it to discriminate
between those with similar spectra. An optional
interferometer that periodically scans a wide range
of the infrared spectrum detects traces of gases,
vapors, and areosols that absorb energy in this
region. The resulting signal is processed using
Fourier-transform and decision-theory methods.
The analyzer can be tuned to distinguish another
set of pollutants by simply changing the logic
cards.

One data analyzing unit can handle several re-

112

mote sensors, giving a readout from each location
every second. Since its output signal ranges from 70
to 100 hertz or some other frequency band in the
audio range, the sensor can be connected to its
central logic unit by fixed wiring or telephone lines.

Infrared absorption spectroscopy depends on the
natural vibrations of atoms held together by chem-
ical bonds within a molecule. These motions pro-
duce a corresponding periodic change in the mole-
cule’s dipole moment, causing the oscillating dipoles
to interact with radiant energy of the same fre-
quency in a kind of resonance. The result of this
phenomenon is that incident radiation is absorbed
at these frequencies. Since the absorption frequen-
cies are unique to the type of molecule involved,
the resulting infrared spectrum identifies the sub-

SAMPLE CELL

DY e

DIFFERENTIAL
INTERFEROMETER

INFRARED
SOURCE _~ =

SPHERICAL il R

MIRROR e AMPLIFIER

PLANE MIRROR e

REFERENCE CELL
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stance. Furthermore, the concentration is directly
related to the amount of absorption at a given fre-
quency and over a given path length.

Many solid, liquid, and gaseous substances
possess an infrared spectrum that can be detected
under suitable conditions. Gases such as sulfur
dioxide and carbon monoxide—most important in
air-pollution studies—exhibit characteristic spectra
in the intermediate infrared region. Others, like
carbon dioxide and water, are relatively transparent
in at least part of this region and won’t interfere
with measurements. Normal atmospheric constitu-
ents such as nitrogen and oxygen absorb no energy
in the intermediate i-r band.

In the sensor shown on the preceding page, an
infrared source illuminates two absorption cells
with beams of equal intensity. The cell containing
the sample of air is continuously refilled. The other
holds air that’s free of the pollutants being sought;
this air is used as a reference and is periodically
changed. Normally, there’s only negligible absorp-
tion due to atmospheric constituents in the refer-
ence cell.

The outputs of the two cells go to the inter-
ferometer, which measures the spectrum of the
absorption difference between the two beams. The
differential nature of the measurement makes the
system relatively insensitive to such things as varia-
tions in the intensity of the infrared source and
changes in electronic-amplifier gain since these

factors affect both signals equally. And interfering
“background” materials (dust particles, ozone) with
absorption characteristics within the system’s pass-
band usually turn up in equal amounts in the sam-
ple and reterence cells so their effect is also largely
cancelled out.

All these effects would be taken care of by the
discrimination capability of the logic anyway, of
course, but tne differential approach—equivalent
to common-mode rejection—reduces the required
dynamic range of the electronics.

The changes in energy level resulting from radi-
ation absorption are so small that the interferom-
eter must have excellent sensitivity. The rapid-scan
Michelson interferometer is thus better in this ap-
plication than the conventional infrared spectrom-
eter.

Separating wavelengths

Conventional spectrometers generally employ
the dispersior: provided by a prism or grating to
separate the radiation into its spectral bands. The
energy within a particular band of the dispersed
radiation is seiected by a narrow slit and measured
by an i-r detector, while the energy in other bands
is wasted.

As the prism or grating rotates, the detector
sees each band sequentially and measures its rela-
tive intensity. To enhance the signal-to-noise ratio
by data averaging, the detector should look at each

FILTERS VOLTAGE COMPARISON CIRCUITS
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Discriminating. Because the filter and voltage-comparison circuit outputs can be connected to any channel
(as indicated by colored arrows) the same logic packages can distinguish among many contaminants.
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Decisive. A reading above the decision rule means contaminant is present in the air sample.

band for as long as possible. However, this limits
the speed at which the optics rotates.

For a given resolution, then, signal-to-noise ratio
can be traded off for speed. Similar restrictions
apply to a spectrum analyzer using the recently
developed optical wedge filter, a thin-film inter-
ference device with a narrow passband and a trans-
mission wavelength that varies continuously over
a range as the filter is rotated.

The limitations of the conventional spectrometer
are overcome by Fourier-transform spectroscopy, a
technique that’s based on the use of the rapid-scan
Michelson interferometer and which permits, in
effect, all wavelengths in the spectral range of
interest to be measured simultaneously for the en-
tire scan cycle. And since the Michelson interfer-
ometer doesn’t require a narrow slit, there’s no
loss of radiation-gathering power.

Parallel filtering

The use of an interferometer spectrometer intro-
duces a problem in data analysis, though. The de-
vice’s output, called an interferogram, is a voltage
that varies with time and whose frequency compo-
nents represent the desired spectrum. Mathematic-
ally, the interferogram is the Fourier transform of
the power spectral density of the sensed radiation,
but since it is not a spectrum, it can’t be compared
directly to the known spectra of contaminants.

To reproduce the spectrum, the inverse Fourier
transform of the interferogram must be obtained.
This can be done by digital and analog computer
processing, analysis by an audio-frequency wave
analyzer, or other means. The computer processing
techniques are expensive, though, and the wave-
analyzer technique requires such a time-consuming
tuning procedure that it’s impractical for a real-
time instrument system.

A tunable-wave analyzer must be swept through
its range and the speed at which this can be done
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is limited by the transient response of the tuned
circuit. Since the time constant of the tuned cir-
cuit is inversely proportional to its bandwidth, high
selectivity and fast tuning can’t be achieved at
the same time.

In the prototype atmospheric-contamination de-
tector, the interferometer’s output is analyzed by
a comb filter, a paralleled set of highly selective
electronic bandpass filters with fixed center fre-
quencies as shown on page 113. The filters are
active networks that use an RC combination in the
feedback path of a linear amplifier to develop a
sharp peak at the resonant frequency. The outputs
give the same information as would the output of
a wave analyzer tuned to the same frequencies. The
more filters used, the more points at which the
spectruin can be sampled, and the more contam-
inants that can be identified.

An important advantage of this technique over
the sequentially operating wave analyzer is that
all the comb filter outputs are available simul-
taneously, making for rapid instrument response.
After detection, the output of each filter is inte-
grated by a low-pass filter to improve the signal-
to-noise ratio. All filter signals are used together
in a spectrum-comparison procedure to identify
contaminants.

Conventionally, a substance is identified by com-
paring the continuous shape or contour of its infra-
red spectrum with one like it from a catalog of
corresponding shapes for known substances. The
Michelson interferometer, however, doesn’t pro-
duce a continuous spectrum; discrete measured
data from the filters corresponds to sampled val-
ues of the spectrum only at selected frequencies.
There’s some uncertainty about the data too. Elec-
trical noise in the system and variations in the
composition of the background cause a statistical
distribution of the sampled spectral values so that
they’re represented by a circle or oval rather than
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a point, as shown at the left. The pattern formed
by the data denoting the presence or absence of a
contaminant can be recognized by computer logic.

To identify a contaminant and to distinguish it
from similar interfering substances requires a dis-
crimination test. One suitable test compares a
linear combination of sampled spectral values with
a decision level D:

N
ZW1S|Z D
i

where S; is the amplitude of the sampled spectrum
at the ith wavelength and W, is a weighting factor
for this wavelength. The particular linear combina-
tion is called a decision rule.

If the measured data meets or exceeds the deci-
sion level for a particular case, the specified con-
taminant is considered to be present; otherwise, it’s
considered absent. The weighting factors assigned
to a given contaminant can accentuate the differ-
ence between contaminant and interferent. Quali-
tatively, this can be done by assigning a relatively
large weighting factor at wavelengths where there
is a large difference between the average spectra
of the contaminant and of the class of possible
interferents. Similarly, a relatively small weighting
factor would be assigned where the statistical dis-
persion in either spectrum is large. If the contam-
inant is more absorbent than the interferent at one
wavelength but less absorbent at another, the con-
trast between the two substances can be increased
by assigning weighting factors of opposite sign at
these two wavelengths.

Consider the illustration on page 114, which
shows the distribution of sampled spectral values
S. and S, for a contaminant C and interferent I at
wavelengths a and b. The decision rule here is
S. — 3S, = 10. In one set of measurements there’s

no overlap between the areas C and I, so the
decision rule clearly separates the substances.
There is an overlap, though, in another set of
measurements. The same decision rule will always
identify the presence of the contaminant, but since
the interferent may also appear to be a contaminant,
it may register a false alarm, as indicated by the
shaded area.

The quantitative determination of the best
weighting factors for given criteria regarding the
detection and false-alarm probabilities is a classic
problem in statistical decision theory. However,
statistics on the spectra of contaminants and inter-
ferents aren’t readily available, so a simplified iden-
tification technique—implemented by standard di-
ode-transistor logic functions—was used in the
prototype system.

The difference between sampled spectral values
at various pairs of selected wavelengths are deter-
mined and compared with corresponding threshold
decision levels. In the typical situation illustrated
below, the particular contaminant is identified
as being present if the differences in all four wave-
length pairs exceed their corresponding thresholds.
The thresholds were chosen to at least exceed the
electrical noise level of the system.

Furthermore, the wavelengths used for compari-
son in each test were chosen so that spectra of
other contaminants and selected interferents would
fail to satisfy at least two of the tests and thus
would not cause false alarms. In this manner,
logical tests enhance the selectivity of the con-
tamination detection system.

The spectral comparison technique depends on
the relative intensities of absorption bands in a
spectrum as well as the wavelengths at which these
bands occur. The characteristics of the spectrom-
eter system will, however, modify the shape of a
measured spectrum. A detailed analysis of the

RESPONSE OF OTHER SUBSTANCES
LOGICAL TEST
FOR C1

2 c2 C3 It 12 I3 14
w
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D
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g S¢~Sg > Dgg PASS FAIL PASS FAIL FAIL PASS
<
=
=
[+ 4

IR Sq=Sj > Dgj PASS PASS FAIL PASS FAIL FAIL
w
&

Se-S¢ > Dq¢ FAIL FAIL FAIL PASS FAIL PASS

- — > Si-Spn > Din FAIL PASS PASS FAIL FAIL FAIL

obcde fghi|j
WAVE NUMBER

Making the grade. When pairs of spectral samples, left, are compared with their decision levels, and the four
pairs pass their test, the complete logical test indicates the presence of contaminant 1.
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system has been made to determine the precise na-
ture of these spectral modifications; a mathematical
model defining the pertinent characteristics of the
spcetrometer, infrared absorption cell, and data
processing circuitry was developed and programed
on a digital computer to simulate the operation.

In the basic Michelson interferometer shown
at the right, the incident radiation, a, is divided
into transmitted, b, and reflected, ¢, components
of equal intensity by the beam splitter. After re-
flection by the stationary and moving mirrors, each
component is again divided by the beam splitter.
Part of the radiation in each component is trans-
mitted to the detector in direct beam, d, and part
is reflected back to the entrance window in a com-
plementary beam, e.

Consider only the direct beam, d, and assume a
monochromatic input of radiant power E; (v), where
the wave number, v, is the reciprocal of the wave-
length. The moving mirror’s position is shifted
along a straight line so that the difference in the
optical path lengths of components b and ¢ varies
with a constant velocity, v. As a result, the relative
phase between the components that combine to
produce the direct beam varies linearly, causing al-
ternate constructive and destructive interference.
Specifically, Ep(v), the resulting power in the direct
beam, varies according to

Ep () = L Ei () (1 + cos 2mvvt)
The time-varying term in the above equation
I(t) = E‘T(V) cos 2myvt
contains the information that results in an inter-

ferogram.
The interferometer thus acts as a modulator;

INTERFEROMETER OUTPUT

|
TIME

Interferogram. Output of Michelson spectrometer is a
time-varying signal, this one of a broadband i-r source.
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for a monochromatic radiant-source input, the inter-
ferogram is a cosine wave with an amplitude pro-
portional to the intensity of the radiation, E,, and
frequency, f = vv proportional to its wave number.
By proper choice of the moving mirror’s velocity,
the output frequency will lie in the audio range
and may readily be sensed and converted to an
electrical signal (70 to 100 hz) by an infrared de-
tector such as a thermister bolometer bridge.

Generally, though, the input radiation is not
monochromatic, but has a continuous spectrum.
For such an input source, the output is proportional
to the integral of the above equation, so that the
interferogram is

I(t) =% f E; (») cos 2r ft df
0

where Ei(v) now represents the power spectral
density of the input radiation. The interferogram
for a Nernst-glower (a heated metal-oxide element)
continuous-spectrum input is shown below.

An interferogram contains the same basic infor-
mation as the spectrum of the input radiation that
generates it. In fact, the interferogram is the co-
sine Fourier transform of the desired input power
spectral density. As noted earlier, to reconstruct
the input spectrum it’s necessary to determine the
inverse Fourier transform, which, for the ideal
interferometer described above, is

E; (v) = / I(t) cos 2#ft dt
°

Before describing the determination of the input
spectrum, it’s important to consider the generation
of a difference spectrum. This could be found by
measuring the spectra of the sample and reference
cells individually—either with two interferometers
or by time-sharing a single unit—and then sub-
tracting one from the other electronically. However,
it’s simpler to do this subtraction optically within
the interferometer itself by adaptation of the device
involving the complementary beam. If a low-loss
dielectric beam splitter is used, the complementary
beam in the schematic on page 117 represents the
difference between the input radiation and the
radiation in the direct beam reaching the detector.

Eo (v) = E (v) — Ep (»)
1B (v) (1 — cos 2rft)

To make differential spectral measurements, the
conventional interferometer is modified to accept
a second input, E{(+v), via a second entrance
window and a small mirror, as shown on page 117.
E/(+) is incident on the beam splitter perpendicular
to E(v). The second input is modulated in the
same way as the first to produce direct and com-
plementary beams, E'p(+) and E¢'(v).

Output E’y, appears at the first entrance window
and output E¢’ at the detector. The spectral power
sensed by the detector thus consists of the direct
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Beam splitters. Basic Michelson interferomoter, left, doesn't use the zomplementary beam, e put the dual-beam
type at right does use it to optically subtract beams from the sensing cells.

beam of the first input plus the complementary
beam of the second.

E, (v) = Ep (v) + E¢’ (»)

i (”) (1 + cos 2nft) + (”) (1 — cos 2rft)

In the detection system, the first interferometer
input is the output of the sample cell and the sec-
ond is the output of the reference cell. When the
cells are empty of air, the two inputs have the
same spectral power and each is proportional to
the spectral radiance of the source multiplied by
the spectral reflections or transmittance of
the various elements of the optical system.

When the sample cell contains an absorbing
material with spectral transmission (v), the direct
beam of the first input is attenuated by this factor.
Assuming no absorption in the reference cell, the
complementary beam of the second input remains
unchanged. The time-varying component of the
detected signal, the interferogram, is therefore

E‘()

E (v) = a (v) cos 2xft

where a (v) =
is the spectral absorption coeflicient of the sample.
By optical subtraction, then, the amplitude is pro-
portional to the difference between radiation inputs
to the two windows at the corresponding wave
number.

Until now it has been assumed that the inter-
ferometer mirror moves indefinitely and produces
a nice continuous signal. But for practical rea-

1=17()
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sons, this motion must be limited to a rather small
excursion. As a result, the spectral content of the
interferogram differs somewhat from that of the
radiation to be measured. The mirror is driven by
an electrically controlled actuator in a sawtooth
fashion, as shown below. Each forward sweep of
the mirror, which occurs at a constant velocity, gen-
erates an interferogram, during each rapid-return
sweep, the detector output is blanked. Therefore,
for a monochromatic input at wave number v,, the
interferogram consists of a repeated sequence of
cosine wave segments, as shown on page 118,
rather than a continuous cosine wave.

Since this waveform is periodic, its spectrum
is given by the coefficients of a Fourier series ex-
pansion rather than by the Fourier transform. Good
approximations of these coefficients are
Monochrematic source—

sin = Tl | (fa — f4)

Sa = KEi () & a) = 576 13"

AM

FORWARD
-REVERSE SWEEP TIME
'-—- DEAD TIME

SWEEP ——»
TIME,T,

Blackout. Moving mirror sweeps a limited distance, so

a signal develops only during forward sweep.

oo
\
|
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Consider the source. A monochromatic i-p source would weld chunks of cosine waves (left). But interferograms for a
broadband source looks like those at right. Discrete spectral amplitudes are shown at bottom.

MWWU\N«M FILTER L‘e., (rms) = [%2}

where f, is the frequency corresponding to v, or
(fa = Bva/Ty); f. is the nth harmonic frequency or
(f2 = n/T); and K is the proportionality constant.

The resulting discrete spectrum, shown above,
left, consists of harmonics at integral multiples
of the repetition frequency, n/T. In practice, a
monochromatic radiant source won’t be used. The
prototype contamination system needs a hetero-
chromatic—or broadband-input—source, the Nernst
glower.

For heterochromatic radiation, the interferometer
output consists of a repeated sequence of inter-
ferograms such as those above, right. The expres-
sions for the spectral lines may be obtained by
integrating the Fourier series coefficients over all
frequencies present in the input spectrum.
Heterochromatic source—

KE; () @ (v) sin = T (fa —
Ty (fs — 1)

Sp = -0 df

0

Again, the measured spectrum shown right,
is discrete. Its envelope approximates the spectrum
of the input radiation but exhibits a smearing be-
cause of the constrained duration of each inter-
ferogram. This smearing limits the measurement
resolution — the ability to distinguish between
closely spaced spectral lines in the input.

Resolution is also affected by the electronics in
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j 2
()

sin Ty (fa — f) ¢
=S|

[ / KE; (v) a (v)

the system. Since each filter analyzing the inter-
ferometer output has a finite bandwidth around its
center frequency, its output contains contributions
from all interferogram frequencies in its bandwidth.

This effect can be expressed quantitatively by
considering the response of a bandpass filter rep-
resented by a frequency response function, Y (jw), to
a complex periodic waveform represented by the
integrated Fourier series coefficients above. That
is, the combined effect of the interferometer and
filter can be found by considering the harmonic
components of the interferometer output as the
filter’s input. The filter-output equation, without
further mathematical development, is shown im-
mediately above.

This combined-effect equation, which represents
a mathematical model of the system, was used in
the computer simulation mentioned earlier to de-
termine the identification logic. The simulation
program took into account the effects of the infra-
red source’s emission spectrum, the reflection and
transmission spectra of the optics, and the inter-
ferometer and filter response functions.

A given computer run yielded the response of
each filter channel to the absorption spectrum of
a specified substance. Using experimental data on
the spectral characteristics of the system compo-
nents and published data on the spectral properties
of various contaminants and interferents, the sys-
tem response to each substance was determined.
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Circuit design

Designer’s casebook

Synchronizing a camera
with a flash tube

By Robert C. Wenz

Alpine Geophysical Associates Inc., Norwood, N.J.

During the manufacture of underwater cameras
the cam-actuated contacts for the flash unit must
be synchronized with the shutter. With a 1/50-
second focal-plane shutter, the entire frame is
open for only 2 or 3 milliseconds. It's during this
short interval that a flash must be triggered to
ensure that the entire frame is exposed.

A simple, low-cost photoconductive cell can be
used to adjust the synchronization. Cadmium sele-
nide types are satisfactory and require no further
amplification.

A neon lamp such as the NE-51H is placed in
front of the shutter and supplied with a 1-kilohertz
voltage source. The photocell is placed inside the
camera behind the leading edge of the shutter

TO | HERTZ
SOURCE

—————0O ADJUSTABLE

/ /
/ EXPOSURE AREA
/ i

/

e e e e e

9

CdS PHOTOCELL

_ ==
SHUTTER CURTAIN
MOTION

curtain, with all ambient light excluded. A 6-volt
d-c supply is used with a 4.7-kilohm load resistor
in series with the cell. Finally, an oscilloscope with
a triggered sweep is connected across the load re-
sistance so the firing point can be determined.

As the shutter is released, the oscilloscope will
display the series of timing pulses produced by
the exposure of the photocell to the neon lamp for
the duration of the shutter opening. Since the
lamp is excited by a frequency of 1 khz, each
pulse represents 1 msec. The flash unit is placed
in front of the shutter so some of its light will
also enter the camera. As the shutter is tripped,
the series of pulses are displaced vertically on
the scope at the instant the flash is detected. The
exact time of the flash in relation to the shutter
opening is determined by counting the pulses up
to the point of displacement. Measurement accu-
racy can be increased by simply raising the fre-
quency of the exciting voltage to the neon lamp.

One of the advantages of this system is that
the measurement is independent of the character-
istics of all components, including the time base
of the scope.

FLASH
CONTACTS
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High-current switch
is driven by an IC

By Lynn S. Bell

Burr-Brown Research Corp., Tucson, Ariz.

A complementary compound switch, operated by a
buffer transistor, interfaces current loads as high
as 20 amps with conventional digital integrated-
circuit logic elements.

Resistor R; provides the base drive required to
saturate the buffer transistor, Q;, when the input
logic level is high. R, sets enough Q- base current
to turn on Q;. Transistors Q; and Q, saturate
because of the current through Ry, thus minimizing
the circuit’s power dissipation.

Turn-off switching losses are reduced by supply-
ing reverse base current to Qz, Q;, and Q4 by means
of the voltage drop across Rs, R, Rs, Rg, and the
load. If fast turn-off isn’t required, R; and Rg can
be eliminated, further reducing dissipation. If this
is done, Q; and Q; must be matched to ensure
that the load current is properly shared between
them.

e,
2N3716

Differential amplifier
uses two IC’s

By C.J. Ulrick

Collins Radio Co., Cedar Rapids, lowa

Monolithic r-f amplifiers are often useful for func-
tions other than those intended by their designer.
The circuit shown, for example, uses two such r-f

amplifiers as a stable and reliable wideband differ-
ential amplifier. The gain is set by a resistor ratio,
as in an operational amplifier; in the circuit shown,
the gain is Rg/Rix—in this case, 100. The gain can
be varied by changing Riy.

The rolloff capacitors, C; and C,, may be needed
to hold the bandwidth down if there isn’t enough
inherent capacitance in the resistors used for Rp.
The capacitors must be chosen so that the gain is
less than unity at the frequency where the ampli-
fier's phase shift is 180°, or the amplifier will
oscillate.

Clamp diodes D; and D, are required when the
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amplifier will be driven into overload by large dif-
ferential inputs. The diodes cause the output to
clip symmetrically and ensure fast recovery.

The bias and load resistors are not critical, but

they should be 1% units so that the gain will
stabilize at the desired value. For the values shown,
the amplifier has a bandwidth of 20 megahertz
and a delay time of 20 nanoseconds.

Crystal gives precision
to a stable multivibrator

By Gordon W. Harrison

Randwick, Australia

A crystal-controlled squarewave oscillator was
needed to drive a chain of synchronized divide by
10 multivibrator stages for use in calibrating the
time bases of precision oscilloscopes. An emitter-
coupled multivibrator using a crystal instead of
a timing capacitor makes an excellent pulse gen-
erator. The circuit operates like any conventional
multivibrator, except that the output of Q. is used
to excite the crystal instead of charging a capacitor.
Because of this, the circuit is forced to oscillate
at the crystal frequency and is thus more accurate.

OUTPUT

Q2
2N706
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Current limiter
improves power supply

By Jan K. Studebaker

Los Alamos Scientific Laboratory, Los Alamos, N.M.

Simple additions to a variable transistor-regulated
power supplv results in better regulation, less
ripple, and complete overload and short-circuit pro-
tection, including a variable current limit.

The added components, shown in red, replace a
resistor that would normally be connected between
points 1 and 2. The voltage between points 1 and
2 varies with the power supply’s output voltage—
as the output decreases, there is a higher potential
difference between 1 and 2 and thus more current
flows through Q,. If the power-supply load is a
high resistance, very little current flows through Q,.
But if the load resistance is lowered—by a short-
circuit for example—the current increases, causing
Q, to draw too much current. If the resistance be-
tween points 1 and 2 were higher, the overconduc-
tion of Q; could be eliminated, but the power
supply would no longer regulate properly.

The substitution of a current source between
points 1 and 2 permits the power supply to regu-
late over a wide range and restricts the short-cir-
cuit current to a value determined by the current
source and the equivalent beta of Q, and Q..

In operation, R, functions as a maximum cur-
rent limit control. The higher the resistance in the
emitter circuit of Qs, the lower the current from
the current source. The variable high-resistance

potentiometer R., in series with R;, allows the
maximum current limit of the supply to be low-
ered, from the value preset by R, to any smaller
value. R; should be large enough to prevent burn-
out of D,, and small enough to ensure that the
current through D,; is at least 20 times the base
current of Q.

Zener triggers
a-c alarm circuit

By Willard L. Fadner

Mankato State College, Mankato, Minn.

A zener diode can fire and turn off an alarm circuit
without backlash. And because of the zener’s tem-
perature stability, the firing point is constant over
a wide temperature range.

A current of up to 40 amperes flowing through
the primary of T, produces a voltage drop across
R;. A portion of this voltage is picked off by R,

which sets the firing point of the alarm, and is rec-
tified and fed to the emitter follower, Q,. This stage
is needed to limit the current through R, and D,
and thus limit the current that D» draws.

If e, is greater than the zener voltage—3.3 volts
here—the Schmitt trigger composed of Q- and Q3
is fired. As a result, e; rises abruptly to the power-
supply level, causing Q4 to conduct and triggering
the SCR. The load, in this case an alarm buzzer,
is fired once every half cycle. Q, is used to match
the impedance between the SCR and Qj.

R; is needed to prevent thermal runaway of Q,
but it’s large enough to draw very little current
through D., D;, Dy, Ry, and G, form the circuit’s
power supply. For proper operation, the secondary
of T, must be in phase with e,.

The circuit can also be used for a d-c alarm
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by eliminating T; and D;. And part of the circuit
—all components except Ty, Ry, R, Dy, and the SCR

—can replace the Schmitt trigger in a high-fre-
quency, pulse-shaping circuit.

Capacitor slows down
stabilized power supply

By A.G. Ogilvie

Holstebro, Denmark

It's often desirable to turn on a high-voltage power
supply slowly. For example, if the full supply volt-
age is suddenly applied to a hi-fi amplifier, a loud
pop is heard when the output capacitor charges
up and the speaker may be damaged. With the
addition of a capacitor, the series regulator circuit
can be modified to turn on slowly.

In a basic series regulator, the voltage at the
base of Q, rises exponentially as C charges through
R; hence the output voltage gradually increases.
To obtain a rise time of 3 seconds, for example, a
400-microfarad capacitor is required.

The same rise time can be obtained by connect-
ing the capacitor in the manner indicated by the
solid red line. Since the effective capacitance is
(hge + 1)C, a much smaller capacitor can be used.
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Memories V

Plated wire: a long shot

that's paying off

By George A. Fedde

Univac division, Sperry Rand Corp., Blue Bell, Pa.

Eighteen months ago, plated wire was described as
“Univac’s bet to replace toroidal ferrite cores.”
Well, Univac is still in the game, which now has
many more players than it did then. The division
has met its cost-performance goals and is reason-
ably confident in predicting major improvements.

Production of plated-wire memories is expanding
at about six times as fast a rate as the over-all
production of random-access memories in the U.S.
This is partly due to the fact that the base rate
is very small, but it also indicates that significant
progress has been made overcoming production
problems. Current annual output of plated wire is
about 2.5% of the estimated total for all types of
random-access memory this year, and most of this
production is going on at Univac for the division’s
9000 series computers.

By and large, plated-wire memories are being
used in new products requiring higher speeds and
lower costs than ferrite technology can provide.
For example, the Univac 9000 series computers
wouldn’t operate at both the speed and cost that
they do if they had ferrite-core memories. Plated
wires aren’t replacing ferrite-core memories, nor
are they expected to replace them, in the sense of
production changeovers. They’re being applied in
areas that core arrays haven’t been able to pene-
trate.

But an evolutionary replacement of ferrite cores
in the main memories of new computers is just
starting. This period of profitable coexistence is
expected to last at least through 1972, at which time
plated-wire units may account for 10% to 20% of
the production of random-access memories produc-
tion in the U.S.

Bandwagon

Univac’s decision to develop and produce plated-
wire memories has been followed recently by sim-
ilar decisions at other firms. Their present
substantial efforts, added to Univac’s, are moving
plated-wire technology at an accelerating pace.
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This is the second installment in a series of arti-
cles on memory technology. The first installment,
which included articles on ferrite core memories
and planar thin films, appeared in the October 28
issue of Electronics. —W.B.R.

For example, Honeywell Inc. is now building
plated-wire memory stacks for Government-funded
programs [see cover photo] and may soon offer
them commercially. Toko Inc. of Japan and its
licensee, the Librascope Group of Singer-General
Precision Inc., also offer plated-wire memories and
stacks [see p. 131]. The National Cash Register Co.
has been producing plated wire with somewhat dif-
ferent magnetic characteristics for some time [see
p. 128], and the volume may soon increase substan-
tially in the wake of the company’s recent an-
nouncements of new equipment using the wire.

Other companies working on various aspects of
the technology include the Electronics division of
the Lockheed Aircraft Corp.; Electronic Memories
Inc.; RCA; the Autonetics division of the North
American Rockwell Corp.; the Stromberg-Carlson
Corp., a subsidiary of the General Dynamics Corp.;
the Indiana General Corp., the Ferroxcube Corp.
of America; Philips” Gloeilampenfabrieken; Plessey,
Ltd.; the Nippon Telephone & Telegraph Public
Corp.; Siemens A.G. and government-supported
laboratories in France and Japan.

Definition

Plated wire is a specially cleaned and prepared
beryllium-copper wire 5 mils in diameter that’s
electroplatcd with a layer of magnetic alloy about
30 microinches thick. The alloy is about 80% nickel
and 20% iron, and, like most thin films, is mag-
netically anisotropic—it can be more easily magne-
tized in one direction than in another.

A current in the wire during the plating process
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One-turn coil. A current in the word line tilts the vector magnetization from its rest position, shown in solid lines,
toward the hard axis of magnetization, generating a pulse in the plated wire.

establishes the magnetic easy axis circumferentially
around the wire. Thus a particular spot on the wire
can be magnetized either clockwise or counter-
clockwise, corresponding to the 1’s and 0’s of binary
data. The same current applied while the wire is
heated in a reducing atmosphere at the end of the
plating process anneals the wire and stabilizes the
film so that it retains its magnetic properties in-
definitely. Without this step the wire’s character-
istics would deteriorate too rapidly for practical
application.

The closed flux path offers significant advantages
over the open path that is characteristic of single
planar thin-film elements. With an open flux path,
the element would tend to demagnetize itself unless
it were made of a material with high coercive force
—particularly if it were small. But with the closed
path, the film thickness is not dictated by consider-
ations of self-demagnetization. With no gaps in the
path, the minimum bit current is obtained for a
given material and path length.

Twenty bits can be stored in each inch of the
wire, which is plated, annealed, and tested in a
continuous process, and then cut into segments a
foot or two long for incorporation into a memory
system.

The size and position of the bit storage cell is
set by the interaction of the magnetic drive field
generated by current in the word line, as shown
above, with digit write current in the wire. Each
word line forms a solenoid of a few turns around
all the parallel wires in a memory module, or one
turn around 160 wires in Univac’s 9000 series.

The plated wires are inserted in “tunnels” 30
mils apart in a layer of plastic, and the word lines

Electronics | November 11, 1968

are on printed-circuit boards on both sides of the
plastic. An unplated dummy wire is inserted in
intermediate tunnels at intervals as a noise source
to cancel the common-mode noise in the plated
wire, and six unconnected plated wires at each
edge of the array provide the same magnetic en-
vironment for the outermost connected wires as
for wires in the center.

This storage element has a number of special
characteristics that are particularly interesting
when compared with those of conventional ferrite
cores and planar thin films. Also, the single
drive line in a plated-wire storage element
is its own sense-digit line. Also, plated wire has
an explicit output for a 0 readout. Cores ideally
would have no output, but they always generate a
little noise. Planar films have explicit 0 outputs, but
in most versions, the signals for 1 and 0 are smaller
than those in cylindrical films; the flux path of
a single planar element is open, and that of two
coupled planar elements has two air gaps in it. The
one disadvantage of plated wire at thec present state
of the art is its relatively low bit density.

Nondestructive readout

But plated wire is capable of nondestructive
readout, which isn’t available with the mass-pro-
duced versions of the other two types of memories.
This NDRO capability reduces the amount, and
therefore the cost, of the peripheral electronic cir-
cuitry required by a two-dimensional memory, and
permits an organization similar in some ways to
the 2%-D ferrite core layout, which attains high
speed at low cost even in small module sizes.
Plated-wire memories are most economical when the
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word drive current has the same amplitude for
reading nondestructively as for writing.

[The alert reader will note an apparent contra-
diction between this statement and Al Bates’ con-
tention on page 115 of the October 28 issue that
NDRO is more expensive than DRO. But both au-
thors are correct, given their companies’ ap-
proaches. Burroughs would achieve NDRO by tick-
ling the memory with a smaller current than is
used for writing. This would require either separate
circuits for reading and writing, or a more complex
and expensive circuit capable of delivering two
levels of current. Univac, on the other hand, uses
equal word currents for reading and writing; the
extra wallop to wipe out old data when new data is
being written comes from the bit current. This
means that new data can be written in only part of
a word if necessary.]

NDRO also reduces processing time in a com-
puter by one-third, if, as is typically the case,
the computer takes about four read cycles for each
write cycle. With nondestructive readout, read
instructions can be executed in half the time
required by a ferrite-core or other DRO memory.
Reading out a core clears, or destroys, the data

in it, so a rewrite is necessary after every readout.
And every write instruction must be preceded by
a clearing out of the old data. Thus four reads
and one write require 10 operations—five read-
write pairs. The same instructions require only
six operations in this NDRO memory: four reads
and one clear-write pair.

Few rejects

The production of plated wire at Univac has
more than doubled over the past two years. Al-
though this is partly due to an increase in the
number of plating machines in the production line,
it also reflects improvements in yield and quality
control.

The individual bit yield is now 99.61%. With
270 bits on a single length of wire, the wire yield
is about (0.9961)?° or 0.445; actually it varies
between 35% and 60%.

Thus an average of one bit in every 256 is bad
at the output of the plating process, where test-
ing occurs. Most are eliminated then and there
by cutting the wire as soon as a defective bit is
located. A few slip through, and a few wires
are found to have bad spots later on. Nevertheless,
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Competitors. Plated wire, like planar thin films, switches 10 to 30 times as fast as ferrite cores with perhaps 1/15
the energy per element, and occupies about 1/100 the volume. Both plated wire and planar films have bipolar
output signals, but the wire's output is about 10 times as large as the film's, and 1/4 as large as the core's.

only about one in 10,000 bits is defective after the
memory plane is assembled.

It’s become possible in the past year to measure
and control the magnetostriction coefficient, a very
important parameter, on the moving wire in the
plating machine.

The relative concentrations of nickel and iron
in the plating bath are now being controlled con-
tinuously, This maintains the optimum levels more
closely than formerly, when discrete portions of
each element were added as needed.

The electronic circuits and the memory planes
containing the plated wires are undergoing evolu-
tionary changes, most of them represent at-
tempts to improve the signal-to-noise ratio. They
include a new low-gain preamplifier stage, layout
changes in the scnse amplifier and signal strobe
circuits, and improved low-level switching circuits.

These low-level switches connect one sense am-
plifier or bit current driver to one of 16 sense-
bit ecircuits, as shown at left, and to one of the
two unplated dummy wires associated with the 16
circuits. Write current passes along both wires.
If a read operation is to ensue immediately, either
both the plated wire being read and the selected
dummy wire must have been used in writing, or
neither of them. Otherwise, one of the wires would
have a decaying voltage on it that the sense ampli-
fier would see as noncommon-mode noise.

Through any given cycle, 15 switches are off to
prevent the unselected sense lines from reducing
the sense signal available to the amplifier or from
diverting bit current from the selected plated wire
during a writing,

Three goals

Current research and development programs are
giving special attention to semiconductor circuits
in three particular areas.

For one thing, if the plated-wire memory is
to have a 100-nanosecond cycle time, it needs a
new low-level switch. The present switch produces
an offset voltage when it’s on; a switch made with
a field-effect transistor would have no offset volt-
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age, but wouldn’t operate at cycle times much
below a microsecond. The switch must also be
capable of carrying the 40-milliampere digit drive
current. The right combination of fast turn-on
and turn-off times with low capacitance, resistance,
and cost is being sought.

All plated-wire memories require a magneto-
motive force of 750 to 1200 ma-turns. When a one-
turn word coil is used, the necessary current is
easily carried by discrete or hybrid-chip semicon-
ductors. To use monolithic integrated circuits in
the drive circuits, the amount of current must be
reduced to about 30% to 40% of its present value.
Experiments indicate that low-reluctance paths for
the word-line flux may make such a reduction pos-
sible. Such paths can be established through a
magnetic keeper—a layer of magnetic material on
top of the word lines.

Present plated-wire memories operating at 500-
nsec cycle times have a diode in series with each
word line, permitting a very economical transistor
switch matrix to select the word lines. These ma-
trixes would be feasible down to about 150 nsec.
An alternative scheme, which would work at both
faster and slower speeds, would replace the diode
with a transistor whose base and emitter are con-
nected to switch matrixes. This method would
be especially attractive with monolithic integrated
circuits, and would reduce the noise coupled into
the sense lines by permitting the grounding of
one end of the word lines.

Not that all research and development on the
plated-wire element has come to a screeching halt.
A whole new optimum set of magnetic parameters
will probably have to be worked out for tomorrow’s
high-speed systems, covering such things as film
thickness, coercive force, and anisotrophy field. Co-
ercive force is the minimum magnetic-field intensity
required to remove the residual magnetism from
a saturated material; anistropy field is a measure of
the magnetic field that saturates an anistropic ilm
in its hard direction.

A thinner film would mean fewer milliampere-
turns required in the word line, higher coercive
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force, and a smaller change of flux coupled to the
sense line during readout. The output signal would
be smaller, but that would be compensated for, at
least in part, by the fact that a very fast memory
requires a short rise time on all input and output
signals, which maintains the peak amplitude and
shortens the signal duration.

Some researchers are exploring the advantages
of a thinner wire. For a given film thickness and
bit length, a smaller diameter would reduce the flux
coupled to the word drive line, without affecting
the output signal’s amplitude. Slimmer wires would
also permit the word lines to be placed closer to-
gether, reducing the fringing of the drive field
to adjacent bits and possibly leading to a higher
bit density. But the thinner wire would be harder
to handle than the present variety, and would tend
to increase signal attenuation because of its higher
resistance.

For all this, though, today’s R&D cfforts should
produce memory systems in the not too distant
future with module capacities of 100,000 to 1 mil-
lion bits, cycle times of 100 nsec, and access times
of 55 to 60 nsec—at a cost only slightly higher than
that of present 500 to 600-nsec cycle memories.
Plated wire is also attractive for very large mem-
ories of up to 100 million bits. These memories
were estimated early in 1967 to cost significantly

Memories VI

Rods look like wires, act like cores

By Donal A. Meier
National Cash Register Co., Hawthorne, Calif.

Cylindrical, thin magnetic films plated on wire with
axially oriented storage states have replaced ferrite
cores as the storage medium in high-performance
digital computer memories at the National Cash
Register Co. Unlike those used in other forms of
plated-wire and thin-film memories, these films are
isotropic and are made of a material with a high
coercive force.

These two film characteristics give the wires,
or rods, a number of advantages. Like cores, the
films retain their magnetic characteristics indef-
initely without annealing even though the flux path
is open. This is truc whether they are repeatedly
switched back and forth or made to retain a fixed
magnetic state for a long period of time.
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less than one cent per bit, but recent developments
indicate that the estimate was quite conservative.
However, until production capacity can catch up
with demand, plated wires aren’t likely to be used
commercially in such sizes.

The next step will probably be the production
of larger modules with cycle times down to about
200 nsec. The next three to five years should see
the introduction of 100-nsec random-access mem-
ories with capacities up to a million bits, and sub-
microsecond memories in the 100-million-bit range.
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Also, the plating process can be relatively speedy
—much faster than the plating of wires with a cir-
cumferential anisotropic film. Finally, problems of
magnetostriction, skew and dispersion, which
plague designers of planar thin-film memories and
plated wires with circumferential storage states,
arc avoided here. [An article on skew and disper-
sion problems will appear in a future issue of Elec-
tronics.]

Magnetic rods, which are organized in arrays
like cores, have been used in many experimental
and commercial memories. Of these, the most prac-
tical have been the two-dimensional organization
in NCR’s 315 RMC computer, the 2%-D form in the
company’s new Century series computers, and a
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structure with two rod elements per bit. This set-
up, analogous to the two-core-per-bit arrangement,
was used in an experimental memory that achieved
100-nanosecond cycle times.

First of its kind

Rods were introduced in the 315 RMC (for rod
memory computer) machine, the first commercial
computer with an all-thin-film memory. The 315,
brought out in 1965, is being phased out of produc-
tion, having been superseded by the recently an-
nounced Century series.

In the rods, the axially oriented magnetization
reverses its direction by 180° when switching be-
tween binary 1’s and 0’s, as shown at right. The con-
tinuous plating, an alloy of 98% iron and 2% nickel,
switches when subjected to a magnetizing force
greater than 16 oersteds. [The corresponding
energy is about 2 X 1010 joule; compare this with
the plated-wire figure of 1 X 10—1° joules.]

The rods used in the RMC processor are made
from a continuous length of beryllium-copper wire
10 mils in diameter. This wire is passed at a
speed of 15 feet per minute through a series of
baths that deposit the plating material on it. When
the wire emerges from the last bath it is immedi-
ately and continuously tested, helically wound with
a copper ribbon, and cut into pieces seven inches
long.

Fine wires wound on these lengths of wire estab-
lish the bit cells, typically 10 of them per linear inch
of rod. The windings are interconnected between
bit cells and between rods in a two-dimensional
arrangement, as shown below. Word windings are
machine-wound solenoids of 10 turns over a dis-
tance of 50 to 60 mils along the wire; digit-sense
windings are continuous machine-wound helixes of
about 95 turns along the entire 7-inch rod. The
solenoid’s intersection with the helix defines a stor-
age cell. Yield for the whole 7-inch length has been
greater than 85% during the four years in which
this RMC memory has been in production.

New whiskers

The newer Century series computers contain rod
memories of a different design suitable to semi-
automatic fabrication in large batches without the
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Reversal. Magnetized thin film on a rod is oriented
parallel to the rod’s axis, in opposite directions
corresponding to binary 1's and O’s.

yield problems usually associated with batch fabri-
cation.

In the Century, the memory is assembled from
modules of approximately 16,000 bytes. Each mod-
ule contains 32 planes of 4,608 bits in a 64-by-72
array. Each bit is stored in a separate length of rod,
or “whisker,” about 1/10 inch long and 6.5 mils in
diameter, with its own set of windings.

Whiskers are made in essentially the same way
as rods except for the on-line cutting. Following a
testing step primarily aimed at monitoring the plat-
ing process, the wire is coated with 0.2-mil layer
of plastic to keep the iron from oxidizing. It is then
baked and wound on a take-up spool. In a separate
off-line process, the wire is tested again and cut
mechanically into whiskers at a rate of 1,000 per
minute.

The solenoid array in which the whiskers are
mounted is 'nade in a frame by a machine that
winds interlinked 10-term solenoids in each of two
perpendicular directions (page 130, top). A sheet
of plastic is then vacuum-formed across one side
of the array -o establish a “bottom.” The rods are
automatically dropped into place in the interlinked
solenoids, using a mask and an alternating mag-
netic field. The mask is placed over the solenoid
array, an oversupply of whiskers is poured on it,
and the whole is placed in the magnetic field. The
field causes the whiskers to stand upright and
dance about; when the array is tilted, the whiskers
march across the surface and fall into the individual

Double helix. Two windings over a section of a seven-inch rod define a bit cell on the rod. One of the windings is
continuous along the full length of the rod; the other is about 1/10 inch long and connects with coils on other rods.
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Interlinked. Two solenoid windings are interlaced in a
special machine that winds them both at the same time, in
a pattern for the whole plane that resembles a chain link
fence. One whisker fits in each solenoid (photo, right).

solenoids through holes in the mask, as shown at
right. Surplus whiskers pile up at the edge of the
array, and are lifted off with the mask. Another
layer of plastic is formed over the top to encapsu-
late the array, which is then tested as a unit. If a
bad whisker happens to find its way into the array,
it can be removed individually and replaced by
another without endangering the array in any way.

Familiar pattern

Modules made from this standard array are laid
out in a two-wire, 2%2-D organization for good per-
formance at low cost. The interconnections and
operation are essentially the same as those in the
two-wire, 2%-D ferrite-core array. This causes
the delta noise, induced in the sense winding by
half the whiskers, to cancel that induced by the
other half. As a result, superimposed oscilloscope
traces of all 4,608 bits in a single plane are re-
markably similar to the oscilloscope trace for a
single bit.

Memory cycle time in the Century series is 800
nanoseconds. In the case of the experimental 2-D,
two-element-per-bit experimental organization that
attained a cycle time of 100 nsec, the rods were
only partially switched—that is, only part of the
film under each winding was axially magnetized.
The part that was magnetized was nevertheless
saturated. This is possible because, just as a core
switches first around the hole and then in con-
centric rings outward, a rod switches first at its
midpoint and then in both directions toward its
ends.

The two elements for each bit must be electri-
cally and magnetically identical, a requirement met
by arranging the elements adjacent to one another
on the same rod a few hundredths of an inch apart.
The wiring is basically the same as in the 315 RMC
memory, except that the roles of the digit and word
lines are interchanged and two digit lines are se-
lected for each bit instead of one. The two ele-
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On the march. An alternating magnetic field set up under
the large horizonta! pole piece stands the whiskers on end
and marches them across the plane. One whisker drops
through each tiny hole into a pair of linked solenoids
beneath the plane. Surplus whiskers accumulate at

the edge of the plane and are lifted off with the mask.
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ments store complementary bits; when writing, the
noise from these bits, which doesn’t decay until
well into the subsequent read cycle, appears at the
sense amplifier as common-mode noise, and is
therefore rejected. Because the sense amplifier can
recover quickly from this noisc, the memory can
operate at high speed.

The experimental 100-nsec rod memory contained
10 bits per linear inch of rod, even with the dou-
bled-up windings. With further research and de-

Memories VI

Weaving wires for aerospace jobs

By Richard A. Flores

velopment, strip lines could be substituted for the
digit solenoids to produce a large-capacity, high-
performance rod memory.
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Librascope Group, Singer-General Precision Inc., Glendale, Calif.

Woven plated-wire memories have demonstrated
their mechanical and electrical integrity when oper-
ated in a simulated aerospace environment. They
dissipate very little power and potentially can be
manufactured very economically.

The Librascope group of Singer-General Preci-
sion Inc. has since 1964 devoted a research and
development program to devising woven-wire
memories capable of nondestructive readout and
producible at low cost. This effort has produced a
line of NDRO memory products for use in severe
aerospace and military environments. They’re made
from wide-tolerance plated wire by a weaving proc-
ess that reduces the number of connections re-
quired by other manufacturing techniques.

Librascope’s work is carried out under terms of
a license from Toko Inc. The Japanese firm has
continued developing the process for commercial
applications, and recently announced arrangements
for the use of the woven memories in a Japanese
version of Univac’s 9000 series computers [Elec-
tronics, Sept. 16, p. 236].

Warp and woof

In the first step of the manufacturing operation,
the wire is plated, tested, and cut to length. [This
much of the process is basically similar to Uni-
vac’s, described on page 124.] The wires are then
inserted in tunnels in a mat woven on an auto-
matic loom. These mats, typically 4 inches square,
consist of straight wires 5 to 8 mils in diameter—
what textile weavers call the woof—with smaller
wires—the warp—woven across them in an over-
and-under pattern. When the larger wires are
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pulled out of the mat, they leave tunnels into which
the plated wires can be inserted. The mat can be
woven directly on the plated wires, but at some
risk of putting kinks in them that would affect their
magnetic properties.

Wherever the smaller wire crosses the plated
wire, it defnes a bit cell on the plated wire. These
smaller wires are spaced typically 40 to the inch
along the plated wire, although their exact spacing
depends on the intended application.

A particular advantage of the weaving technique
is that it can produce rather complex multiturn
coils that require lower word currents and less ex-
pensive electronics than single-turn coils, and dis-
sipate less power.

For example, in the word-line pattern shown on
page 132, an individual line weaves across the array
of plated wires in an over-and-under fashion and
returns in an under-and-over pattern. The result
is that every plated wire has a current loop around
it with exactly one turn, and the turmns around
adjacent wires are in opposite directions. That line
can be the word line by itself if the application re-
quires it, or it can be connected in series with other
word lines to produce coils of as many turns as
desired; the diagram shows a two-turn coil. Altera-
tions in the weaving process produce different num-
bers of turns and different directional patterns in a
practically infinite variety.

Two other important features of the weaving
technique appear in the diagram. First, some of the
warp wires are left unconnected to provide spacing
within and between the word coils. Because of this,
the field can be shaped for optimal operation in a
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Woven plane. Word lines passing among plated wires in an over-and-under pattern make coils that can be
interconnected to produce any of a wide variety of field patterns (color) in the plated wire.

specific application and for reduced interaction be-
tween coils.

Second, adjacent coils can have opposite mag-
netic polarity so that the magnetic fields are closed
through them rather than between them. Thus, cur-
rent entering a terminal A and passing over the
first plated wire, returns under it to point B. But
this is connected to C, from whence the current
passes under the wire and returns over it to ter-
minal D. The polarity reversal reduces the line’s
self-inductance, so that low-voltage constant-cur-
rent drive circuits can be used. These circuits fur-
ther cut electronic costs and power dissipation.

Besides the spacer wires and coils, the mat con-

tains a magnetic keeper wire plated with permalloy
in somewhat the same way as is the main plated
wire. It increases the homogeneity of the drive field
and reduces creep between bits—a characteristic
of films that under certain conditions can destroy
the data in a particular bit cell when the adjacent
cell is repeatedly cycled. The keeper wire is essenti-
ally a low-reluctance path between word coils on
a single word line, as at top right.

When adjacent word coils are opposite in po-
larity, these low-reluctance paths between them
permit each coil to produce a larger field without
disturbing the bits under adjacent coils. And the
coils produce a sufficient field with word currents

Over the hurdles

The computer industry has been rife with rumors
about Librascope’s difficulties with the woven-wire
memory. The company has indeed had problems,
but it seems tb have largely overcome them.

One of the biggest cropped up a year or so ago
when Librascope built an 8,000-bit breadboard
model for an aerospace customer. The breadboard
worked well and Librascope was asked to build a
larger version, but the customer’s funds were cur-
tailed. So, under a cooperative compromise, Libra-
scope built two more stacks and the customer built
the associated electronic circuitry. Unfortunately,
these memories didn’t turn out too well; the weaving
technique still had some bugs in it, and the cus-
tomer’s electronics didn’t mate properly to the stacks.
But the customer had to accept the memories be-
cause both his money and time were running out.

Along with these woes, some of Librascope’s key
people chose that moment to seek greener pastures.

Nevertheless, development has continued; the
company has set up a pilot production line and
landed three contracts that could lead to substantial
production rates later on. Based on the 64,000-bit
module it announced last summer [Electronics, July
8, p. 176], Librascope can turn out perhaps 100
stacks a year with its present equipment and people.
The company considers that module its basic build-
ing block; it is now concentrating on cost reductions.

Librascope’s disk memories, made by the same °
division that handles woven wires, have been so
successful that they’'ve been rewarded with more
R&D money than woven wire. But the latter isn't
quite a poor relation. When the Singer Co. acquired
Librascope’s parent, General Precision, Inc., last
spring, it took a hard look at the woven-wire opera-
tion and seems convinced of the technique’s utility
and potential market.

—Lawrence Curran, Wallace B. Riley
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Continuous. A single wire woven into the mat can be
cut afterward, simplifying interconnections.

that are reduced 25% by the use of a keeper. Like-
wise, output voltages are increased by a similar
percentage because the field is homogeneous.

The effect of the keeper is localized—it does not
load all the word coils, as a continuous ferrite
keeper would. The latter is a sheet of magnetic
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material laid down over the mat or array of wires,
also to provide a low-reluctance path; some experi-
menters have tried it.

The weaving operation takes place on a con-
verted textile loom, which can weave any number
of configurations and has two significant features:

= It can weave word line coils as one continuous
strand with terminals at the ends of each coil. This
minimizes the number of interconnections, thus re-
ducing fabrication costs and increasing the reli-
ability of the woven mats. In the most common
pattern for a random-access plane, the wires are
cut after weaving at points between word coils, as
shown at bottom left.

* It has a Jacquard head, allowing individual
control of each wire, and of the weave pattern, by
either punched paper tape or punched cards. With
this control, woven-wire mats can be fabricated
with the data permanently and unalterably woven
into the matrix, a capability unique to woven-wire
technology. The loom controls the way a word coil
intersects a digit line, thus producing special pat-
terns automatically. The polarity of each bit loca-
tion within a word coil is established when the
weave goes over or under that particular location.

Weaving for read-only

For example, an adjacent pair of plated digit
wires can be connected in series and segmented in
0’s and 1's, depending on whether the word-coil
pattern is over-and-under or under-and-over at a
particular bit cell. If the word pulse current travels
under the first digit wire and over the second, the
bit stored will be a 1. If the converse is true, it
will be a 0.

These permanently woven read-only memories
provide nondestructive readout storage that cannot
be altered and is unsurpassed for holding repetitive
data such as tables, fixed programs, or reference
information.

Using this basic technology, Librascope has
demonstrated fully operational stacks at the shock,
acceleration, and vibration levels called for by the
appropriate military specifications.

A full memory system has been breadboarded
and tested over a temperature range from —20° to
+85° C. This system, weighing less than 4%
pounds and displacing less than 40 cubic inches,
stores 4,096 words of 20 bits each and dissipates
250 milliwatts of power when cycling at 100 kilo-
hertz. Its standby dissipation is only 5 mw.

The cost advantage of woven-wire batch fabrica-
tion has yet to be demonstrated. However, fully
automating the processes of wire fabrication and
testing will reduce the basic costs of a woven
plated-wire memory. The weaving process is inex-
pensive. Soldering mat connections to the printed-
circuit board that supports it could be done quite
rapidly, and inserting the plated wire into the woven
mat and connecting the wire to the circuit board
could be greatly speeded by inexpensive tooling.
It therefore appears quite feasible to build a low-
cost aerospace memory on a production-line basis.
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Broadcasting

Shortcuts in tv camera design
make for big cuts In price

Elimination of some controls and expensive trimming circuits results

in a vidicon color unit for studio use that weighs but 65 pounds

and costs 75% less than the average broadcast camera

By Frederick J. Haines

International Video Corp., Mountain View, Calif.

“The first thing broadcasters ask us about our
newly acquired IVC color camera is ‘what’s miss-
ing?’,” says Ron Renaud, chief engineer at WWJ-TV,
NBC’s associate station in Detroit. The reason, he
explains, is the camera’s low price—about one-
quarter the cost of other studio cameras—and the
mistaken belief that vidicon tubes can’t be used
to produce good color pictures at normal studio
lighting levels.

Sharp contrast

Color tv pictures generally lack the sharpness of
the black-and-white variety. They have a ten-
dency to become soft, and the colors reproduced |
aren’t always of the right shade. Studio engineers |
attribute this problem at least partly to the wide
use of Plumbicon tubes, which have low reso-
lution and limited spectral response. This has
caused camera designers to make compromises
that result in color errors.

A new technique called image enhancement l
has been introduced within the past year to
correct the problem. The method essentially
improves resolution and color fidelity by rearrang-
ing the elements of a color picture.

Developed at cBs Laboratories, the image-en-
hancement circuit tukes a single line of video
and compares it, element by element, with the
lines preceding and following it. Any differences
are added to the original signal in the proper
phase to reinforce the difference between the
lines compared, thereby enhancing the picture
outlines and contrast.

John D. Drummond
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Admittedly, a 65-pound, self-contained vidicon
camera that requires only a power cord for full
operation and a single coaxial cable to carry the
output NTSC-encoded color signal can’t have all
the niceties of the higher-pri¢ed 130-to-400-pound
units equipped with image orthicon or Plumbicon
tubes.

But not a single essential performance feature
has been sacrificed. We’ve simply taken advantage
of the high stability of solid state circuitry and
eliminated a number of costly and sophisticated
trimming circuits. And we've reduced the number
of controls on the remote control panel to about
one-third the normal complement. Controls that
have been dropped include SKEW, normally used
to eliminate registration distortion; SHADING, used
to compensate for color shifts; and GAMMA,
for trimming gray scale response.

A major cost reduction has been achieved by
eliminating the camera control unit, which normally
houses the video processing circuitry and power
supply. With these circuits built right into the
camera unit, the number of conductors linking
the camera to the outside world has been reduced
from 80 to 50.

Innovations

Because the vidicon target drive voltage had to
be reduced considerably—typically to 15 volts from
40 to 60 volts—to reduce the tube’s inherent lag, or
persistence characteristics, it was necessary to
design special low-noise, high-gain preamplifiers.

And a number of important innovations have
been made in the optical system to allow more
light to reach the image tubes. Standard silver-
surfaced reflecting mirrors have been replaced by
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dichroic mirrors with a thin-film coating. The
chemical formula for this coating was calculated
with the aid of a computer, which factored in the
dispersion of the materials. By using expensive
precision tooling to achieve extremely close man-

ENCODER AND
SYNC GEN RACK REMOTE

CAMERA NO.1 CONTROL PANEL

JUNCTION
BOX

CAMERA NO.2

Hookup. In a broadcast application, the cameras are
linked to standard studio equipment without interfaces.
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Self-contained. Equipped with three
separate mesh vidicons, the camera
includes 6:1 zoom lens, external
color encoder, studio junction box,
and remote controls.

ufacturing tolerances, it was possible to set the
mirrors in slots in the base casting and then seal
them in place permanently with epoxy, eliminating
any need for adjustments.

The net result is a camera that can be used with
the CBS image enhancer—standard gear in most
tv studios—to produce quality color pictures in-
distinguishable from those turned out by the more
expensive studio cameras. And the price of the
new camera is only $18,500, compared with an
average of about $75,000 for most studio units.

Despite its compactness, the International Video
Corp.’s camera is quite versatile. For closed-circuit
tv, it can produce an NTSC-type picture for dis-
play on a monitor or for recording on a video tape
recorder. It’s also compatible with standard studio
cabling, junction boxes, remote-control panels, ex-
ternal encoders, and master sync generators, as
shown at left. All remote controls are on its control
panel, including master gain, master pedestal, cen-
tering trims, and red-green-blue targets and pedes-
tals.

Getting a boost

Special low-noise preamplifiers are needed to
boost the low-level red, green, and blue signals
from the vidicons to a usable level—typically 200
to 300 millivolts.

The over-all signal-to-noise ratio of the camera
is effectively determined by the signal-to-noise
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Video preamplifier. Low-level signals from the red, green, and blue vidicon tubes are boosted to desired levels by the
preamplifiers, which feature a hybrid cascode input stage for low signal-to-noise ratio.

ratio of the pickup tubes’ preamplifiers. Since
transistors act as noise generators at lower fre-
quencies, a hybrid Nuvistor-transistor stage is used
at the amplifier input, as shown in the simplified
schematic diagram above. The cascoded input stage
is emitter-coupled to a voltage gain amplifier fol-
lowed by a common-base amplifier and another
emitter-follower stage. The output goes to the
video processing amplifier. The hi-peaker capacitor
allows trimming of the amplifier frequency re-
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sponse to correct for the high-frequency rolloff
produced by stray capacitance, which shunts the
high output impedance of the vidicon tube.

The processing amplifiers provide video gain
control for the respective channels, as well as a
line-by-line clamping to restore low-frequency re-
sponse. They also add system blanking and remove
voltage spikes and other irregularitics that might
be introduced into the video signal by the image
pickup tubes.
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Data flow. The information from the vidicon tubes is fed to red, green, and blue inputs on the internal encoder circuit
board. The encoder combines these signals to produce an NTSC-compatible video.
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Processing amplifier. In addition to gain and pedestal control, this circuit restores low-frequency response, adds
the system blanking, and provides black and white video clipping to limit overshoot of the video signal peaks.

As the schematic shown above indicates, the
amplifier also includes circuits to limit peak video
signals to preset black and white levels. The video
output is either applied to the encoder and the
viewfinder switching matrix, or fed to an external
studio encoder.

Simplified encoder

The encoder accepts separate outputs from the
processing amplifiers” red, green, and blue chan-
nels and combines them into a compatible NTSC
color signal. As the most complex circuit in the
camera system, it represents a major cost factor.

Since a decision was made at the outset of de-
velopment to eliminate the camera control unit,
it was necessary to devise an encoder circuit small
enough to fit into the camera package. The result
is an encoder mounted on a double-sided printed-
circuit board measuring 6 by 7 inches.

In a standard broadcast encoder, the “I” signal
channel, which handles colors ranging from cyan
to orange, has a 1.5-megahertz bandpass; the “Q”
channel, which produces colors from yellowish
green to purple, is given only a 0.5-Mhz bandpass.
Because of its wider bandpass, the I signal has a
shorter delay than the Q, and a delay line has
to be inserted in the I channel to provide time
compensation. The problem with the delay line
is that it introduces a phase difference that must
be canceled out by additional circuitry.

The IVC encoder circuit doesn’t operate that
way, however. Instead of working with I and Q
signals, it matrixes the red, green, and blue signals
into R — Y and B — Y chrominance signals. This
scheme greatly simplifies the circuit since the band-
pass of both channels can be identical, eliminating
any need for a delay line and compensating cir-
cuits. In the new process, the burst-flag signal is
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added to the B — Y signal before band limiting
is effected; hence, the R — Y and B — Y signals
are in phase and no special burst-flag delay or
color-burst phase control is required.

In operation, the R — Y and B — Y signals
directly modulate the subcarrier in a quadrature
relationship—the phase of the subcarrier being
modulated by the B — Y signal lags behind the
R — Y-modulated subcarrier by 90°. The color
subcarrier is essentially invisible even at close
viewing distances, and therefore needn’t be locked
to the scanning frequencies. This feature permits
the use of a sync generator independent of the
color subcarrier, which is produced by a free-
running crystal oscillator in the encoder. However,
the encoder can also accept an external color
subcarrier and can therefore encode a signal with
locked color if that is desired.

Surprisingly, the greatly simplified encoder cir-
cuitry doesn’t in any way cause a degradation of
the reproduced color information since all avail-
able viewing devices, including studio monitors
and home receivers, employs R — Y, B — Y, or
equivalent bandwidth decoders, and the higher
potential resolution promised by the I-Q system
is never fully achieved in practice.

Luminance signal

To derive the Y (luminance) signal, the red,
green, and blue information is added or matrixed
in proper proportions, and the combined signal is
amplified and inverted.

The luminance signal is processed in an aper-
ture-correction network that enhances the higher-
frequency information attenuated by the camera
pickup components. However, the aperture correc-
tion may be turned off, if desired. After aperture
correction, the luminance is band-limited, delayed,

137



A WA—

FEEDBACK
NETWORK

o—

100v
PEAK

==

AMPL 7 INVERTER

H.DRIVE

INPUT
PULSE

y | EMITTER
SHAPER FOLLOWER

~12v

DAMPER

l HORIZONTAL SWEEP TRANSFORMER
+12v

RED
H.YOKE

GREEN
H.YOKE

BLUE
HYOKE

Horizontal sweep. Multiple secondary transformer windings effectively isolate all d-c components, permitting
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and combined in correct time and phase with the
chroma signal to create the composite color video
signal. Sync is then added to this signal at the
output of the encoder.

A separate optical channel has been provided
so that green can be used as luminance, but the
two chrominance signals are still created as pre-
viously described and the composite color video
output signal is entirely compatible with the NTSC
signal. Use of the optional “luminance-from-green”
circuit provides a measure of horizontal image
enhancement, though it does introduce slight errors
in color saturation.

An optional self-contained EIA synchronizing
generator gives frequency interlace and equalizing
pulses during the vertical blanking interval. The
time base jitter of this sync generator is in the
order of 8 to 10 nanoseconds, against typical fig-
ures of 30 to 80 nanoseconds for other systems.
This level is achieved largely through a countdown
originating from 14.32 Mhz, rather than the usual
3.58 Mhz.

For use in closed-circuit tv, where NTSC stand-
ards need not be followed, the camera is provided
with a built-in, 2:1 interlace sync generator that
produces all the pulses needed for sweep, blank-
ing, color burst, and synchronization; these are
added to the encoder video signal. A 31.47-kilohertz
crystal is used to drive a binary countdown circuit
that produces the 59.94-hertz color vertical-drive
frequency. In broadcast generators, the countdown
from 31.47 khz is initiated from the 3.58-Mhz color
subcarrier oscillator or from some multiple of 3.58
Mhz.

In the IVC camera, as noted earlier, the 3.58-Mhz
color subcarrier is produced on the encoder board
by a crystal oscillator whose frequency is unrelated
to the horizontal or vertical drives in the sync gen-
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erator. During closed-circuit operation, therefore,
the IVC camera isn’t color-locked (frequency inter-
laced) with the sync generator. It’s color-locked
only when it’s under control of the built-in EIA
generator or an external studio sync generator.
But regardless of how the camera is used, the
color produced by the built-in generator is indis-
tinguishable on a color monitor from that produced
by the color-locked generator.

Besides the binary countdown circuitry the gen-
erator uses integrated-circuit logic to produce the
horizontal-drive, vertical-drive, mixed blanking
and sync, and burst-flag pulses.

Deflection

For purposes of economy and ease of operation,
a simple yet stable deflection system has been
developed for the vidicon. Vertical and horizontal
deflection for each yoke are controlled by a com-
mon generator. As shown in the simplified sche-
matic, the horizontal coils are effectively paralleled
by multiple secondary windings of the transformer.
This feature serves to isolate the d-c components so
that a current-bridge technique can be used for cen-
tering.

Because the voltage waveform across the trans-
former primary is closely controlled by feedback,
the deflection currents can be set by the yoke in-
ductances. The sweep circuit provides individual
size, linearity, and centering controls for the hori-
zontal system. In opcration, it accepts horizontal-
drive pulses from the sync generator and from them
generates new pulses with controlled rise times
and durations. The reconstituted pulses are then
used to apply a high-voltage pulse across the pri-
mary of the horizontal sweep transformer.

Any ringing is eliminated by a damper diode and
RC network. A significant feature of the circuit is
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Vertical deflection. The deflection yokes are driven by the complementary-symmetry transistor pair in the output
stage. The diode and RC network in the base circuit ensure against crossover distortion.

that the driver transistor is cut off during the 4-
microsecond retrace period and serves as a highly
stable feedback amplifier during horizontal scan.
With separate transformer secondaries, d-c center-
ing currents can be injected without interaction.

In the vertical deflection circuit shown above,
the yokes are driven in parallel by a transistor pair
arranged in complementary symmetry and operat-
ing in series for d-c components. The diode and RC
network in the base circuit correct for crossover
distortion, which would show up as a black hori-
zontal line near the center of the picture. Like its
horizontal counterpart, the vertical circuit is de-
signed with carefully chosen feedback values to
ensure the best possible sweep stability. Changes
in the centering currents are sensed and compen-

RED
REFLECTOR

sated for.

During camera operation, the horizontal and
vertical waveforms are monitored to protect the
vidicon target layers from the effects of sweep-
circuit failure.

Optical system

The innovations introduced in the optical system
are aimed essentially at cutting the cost of the
package without seriously degrading the over-all
performance of the camera. For example, rather
than adopt the widely used and costly 40-millimeter
image orthicon taking lens, the engineers specified
a standard 35-mm single-lens-reflex-format design
that can be purchased off the shelf. These lenses,
with an image diagonal of about 43 mm-are very
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Optics. The image created by the taking lens is focused through a field lens on dichroic beam-splitters. The red,
blue, and green particles of the scene are directed to the vidicon tubes through relay lenses.
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similar to the broadcast variety but, because of
volume production, a lot less expensive.

The exact lens employed is an Auto-Nikkon
/4.5, 50-to-300-mm zoom lens, the type used in
Nikkon F photographic cameras. The relatively
slow speed of this lens is effectively increased to
f/1.9 by using relay lenses as on page 139, to in-
crease the back focus of the taking lens.

The rclay lenses also demagnify the effective
zoom range to between 18.5 and 110 mm. The ratio
of the image diagonal of the 43-mm taking lens
to the image diagonal of the vidicon tube’s face-
plate, which measures 15.88 mm, is approximately
2.73:1. Therefore, both the f stop and the zoom
range are altered by that factor, in the direction
of improved performance, by demagnification of
the image size.

The first color cameras with image orthicon
tubes had optical systems designed for a 1 to 1
ratio between the size of the image on the taking
lens and the one on the pickup tube. This was a
quite costly scheme because of the difficulty of
producing relay lenses with unit magnification. In
order to achieve an f/2, for example, the lens has
to be capable of f/1 at infinity in one direction
while being able to project a sharp image onto
the target or film at close range in the other direc-
tion. In other words, fast lenses are designed to
operate best at infinite distances, but still quite
well at ranges of only a few feet.

Because of limited demand and high cost, lenses
designed for 1:1 magnification are seldom avail-
able commercially and must be made up as re-
quired. But with the 2.73:1 demagnification of
the IVC color camera system, a standard f/1.4
lens can be operated as a relay element with an
aperture equivalent to f/1.9. This is an important
consideration because the effective aperture of the
relay lens is the factor that determines the speed
of a camera.

Passing the light

The optical paths from the zoom lens to the
vidicons have been greatly simplified to ensure
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Easy access. Sync/sweep panel
on left side of camera swings
out for easy maintenance. The
dichroic optical subassembly

is at the ieft and the vidicon
pickup tubes are at the right.

that all of the available light from the scene
reaches the tubes’ target surface. To this end, the
usual color trimming filters and the neutral density
filters for the red and green channels have been
left out. But this doesn’t degrade the camera per-
formance in any way. Highly efficient dichroic
trimming reflectors are used with the main dichroic
beam-splitters to shape the red and blue light-
transmission characteristics. And because more
light can pass through to the target, over-all sensi-
tivity is greatly improved.

The bottom surface of the first dichroic beam
splitter reflects the red light onto the red reflector,
which in turn directs it through a relay lens to the
red vidicon. The blue and green elements of the
spectrum pass through to the second dichroic beam-
splitter. The blue elements are reflected to the
blue reflector, which directs them to the blue
pickup tube; the green light elements aren’t re-
flected and pass through to the green pickup tube.

A field lens mounted on the taking lens in an
adapter tube ensures that all the light leaving the
taking lens is directed to the relay lenses, thereby
avoiding any “port-holing”—an effect that makes
the center of the screen appear brighter than the
periphery.

Besides the 6:1 Nikkon zoom lens, lenses with
fixed focal lengths are available. Where a 10:1
zoom lens is required, the lower-cost image orthi-
con variety can be used. In fact, the camera can
be operated with lenses as slow as f/5.3 and still
provide a vidicon equivalent aperture of f/1.9, as
described earlier.

During assembly, the relay lenses are set pre-
cisely and permanently locked in place. The three
image-tube yoke assemblies are likewise aligned
and locked into position. The entire optical system
is held in the camera by dowel pins and can be
removed in a matter of seconds for replacement
of the vidicons. After a tube is replaced, the op-
tics are reinstalled with the aid of the indexing
pins to achieve exact realignment. And, unlike other
systems which must be realigned on occasion, it
needs no further adjustment.

Electronics | November 11, 1968



solution to the
LS| test dilemma:

the ks

NEW s
N.d.C.S5. s

LS| test console

7

large programmable word generator, The N.A.E.S. Large Scale Integration Tester offers a practical and economi-
supported by: cal solution to the testing dilemma of designers who are plagued with short
word level converter panel; runs of different circuits, each requiring special word drivers. It is specifi-
. adjustable four-phase clock generator; cally designed for use where different arrays will be tested. It can be pro-
' grammed in 15 minutes for almost any array, without punched cards, paper

comparator, error detector;

tape or magnetic tape. With a 40-100 Word Generator, several different test-
ing programs may be stored at one time.

This LSI Tester is rugged enough for factory testing as well as engineering
evaluations, and may be used at both MOS wafer probe and final test sta-
offers many features not found on  tjons. For testing PC cards containing many integrated circuits or MSI, this

costly computer-driven testers, machine is ideal because the word outputs prior to the converter circuits
yet without the programming  are directly at DTL levels.
and maintenance problems. Modular construction permits you to order only those panels in the size
and complexity you require for your arrays. This building block concept
provides for easy, economical expansion if more complex testing is required
in the future, greatly reducing the possibility of obsolescence.

The N.A.E.S. Tester has no moving parts and requires virtually no mainte-
nance. All solid state design, with plug-in integrated circuits, insures com-
plete reliability in performance, yet permits easy replacement of parts if
necessary. No special cooling or air conditioning is required. Normal de-
livery within 60 days.

interchangeable array holders.

For complete information, write or telephone:

North American Electronic Systems
DIVISION OF EDUCATIONAL COMPUTER CORPORATION
Sicklerville, N.J. 08081 Phone: 609-629-4141
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Laser V

Liquid lasers: promising solutions

Problems of cost, optical damage, and low average power may dissolve
when these organic and inorganic devices emerge from the laboratories

By Harold Samelson

General Telephone & Electronics Laboratories, Bayside, N.Y.

Intense luminescence—the basis of laser action—
occurs in solutions of many organic and inorganic
compounds when they’re excited by light. Harness-
ing this luminescence has produced a new kind of
laser that may become competitive with solid state
and gaseous types.

Though liquid lasers are only at an early stage
of development—comparable to that of solid state
lasers five years ago—they’re already cheaper to
build, and their potential for high average powers
is impressive. Already inorganic lasers using solu-
tions of neodymium ions put out up to 40 joules
in a 200-microsecond pulse—a pulse of 200 kilo-
watts.

At high power levels, circulation of the active
liquid medium helps remove heat. The recent de-
velopment of a lower-viscosity solvent has opened
the way to using simpler circulating pumps, thus
greatly simplifying the liquid laser. Both the
inorganic and organic types now operate in the
pulsed mode only, but researchers predict that a
properly designed circulating pump will make it
possible for inorganic liquid lasers to emit con-
tinuously.

Organic lasers won’t be able to do this, because
their transitions arc so fast that an inordinate
amount of energy would have to be pumped in and
because their energy states aren’t of the right type.
However, they have one important advantage: they
emit light over an enormously wide range of the
spectrum—from about 4,000 to 11,000 angstroms.
Their frequencies can be changed by simply chang-
ing the compound or its concentration in the
solution.

Organic lasers can be adjusted to emit anything
from virtually monochromatic light to light spread
over wavelengths of 400A. Inorganic liquid lasers
also can be made monochromatic, but their band-
widths are considerably narrower—between 15 and
30 A. Both types can be mode-locked [Electronics,
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Sept. 16, p. 112] to produce short, high peak power
pulses, about 10 megawatts for the organic and up
to a gigawatt for the inorganic. Pumping the or-
ganic laser with a mode-locked laser produces a
mode-locked output, so picosecond pulses can be
generated throughout the visible spectrum.

The liquid laser is being studied in this country
and in France, Japan, and the Soviet Union. Gen-
eral Telephone & Electronics Laboratories, for in-
stance, is seeking to develop the inorganic type for
use both as an oscillator and an amplifier.

Caged light

The first liquid laser, developed in 1963, was a
fusion of the present organic and inorganic types.
Called a chelate laser, it consisted of a solution of
organic, cage-like molecules surrounding a euro-
pium ion.

Then—as now—the trick was finding a way of
dissolving the active materials and protecting them
from elements with a low atomic weight, such as
hydrogen, in the solvent. The energy levels of these
elements are such that they tend to absorb energy
emitted from the excited materials. Thus, the rare-
earth ion could give up its energy to a hydrogen-
containing molecule if it were not shielded, and
laser action wouldn’t take place.

However, the organic molecule in the chelate
laser keeps the solvent from contacting the rare-
earth ion, preventing the hydrogen-containing
molecule from removing the excitation energy. In
addition, the organic compound acts as a very effi-
cient absorber of pump energy, which it then
transfers to the europium ion.

The energy-transfer mechanism in this early
liquid laser was based on the fact that electrons
in the organic molecule can exist in either a singlet
state (two electrons spinning in opposite direc-
tions) or a triplet state (two electrons spinning in
the same direction). The ground state—that is, the
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Energy structure. Transitions in chelate laser are
basic to understanding inorganic and organic types.
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Keeping cool. In
GT&E inorganic
laser, the liquid is
pumped past a coil,
that removes heat,
easing cooling prob-
lems at high average
powers. With a
properly designed
circulating pump,
c-w operation should
be possible.

PUMP

Circulation. Damper smoothes out pulsations of the
diaphragm pump used in GT&E's circulating liquid laser.
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vne with the lowest energy—is a singlet in almost
all molecules. Many rotational and vibrational
states, each with its own discrete energy level, are
associated with both the singlet and triplet states.
The standard notation is S, . . . S, for the singlet
and T, . . . T, for the triplet.

Normally, electrons can absorb or give up energy
in transition from one state to another within either
a singlet or triplet, but can’t change from the
singlet to the triplet state or back. However, sub-
stituting a rare-earth element in the molecule, as
in the chelate laser, makes such transitions pos-
sible by perturbing the electronic structure. In this
type of liquid laser such a crossover transition is
an essential step.

The organic part of the chelate laser thus absorbs
the pump energy, and the electrons are excited to
one of the higher singlet states. Transitions back
to the S, singlet are very rapid, taking about 10—**
second. Then energy in the S, state is transferred
to the T, (metastable) triplet state of the organic
compound. If the energy level of the state, T, is
located properly with respect to one of the excited
states of the europium ion, it transfers its energy
to the ion, which then returns to the ground state,
giving up its energy as radiation.

Too much of a good thing

Researchers discovered a number of organic com-
pounds and many solvents in which the europium
ion ultimately was excited to the *D, state and
gave off a large number of photons in making
transitions to the F. state. (These standard clas-
sifications describe such properties as angular mo-
mentum and spin.)

Hawever, the intense singlet absorption of the
organic molecule—so desirable for efficient pump-
ing—created a problem. In the cylindrical laser cell,
the liquid closest to the glass container absorbed
a great deal of energy, blocking absorption by the
rest of the liquid. This problem was solved by using
a very thin cell, but it held so little liquid that the
energy output was extremely low. And researchers
found that only a few rare-earth ions could be made
to radiate light. The organic cage doesn’t protect
most rare earths from the hydrogen atoms in the
solvent.

Researchers then took two different approaches
to liquid lasers. At GT&E Adam Heller developed
a solvent, SeOC1l., that would dissolve the Nd'2
ion. Since the solvent didn’t contain hydrogen, the
ion required no shielding and Heller could dispense
with the organic molecule. At about the same tine,
Peter Sorokin at IBM got laser emission from a
purely organic dye.

Colors of the rainbow

A distinct advantage of the organic liquid laser
over the inorganic type is the wide range of com-
pounds that can be used. Various classes, such as
phthalocyanines and carbocyanines or polymethine
dyes, have enabled the organic laser to span all
of the visible as well as the near-infrared parts
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concentration of the organic dye, changing the balance
of absorption and emission at a given frequency. It's thus
possible to tune this type of liquid laser.

of the electromagnetic frequency spectrum.

These types of lasers generate high peak-power
pulses either with a wide bandwidth of frequen-
cies or with essentially a single frequency. And
they can generate either one pulse or a repetitive
mode-locked train. They should be of great value
in spectroscopy and photochemistry.

When these lasers are pumped they are excited
to the higher states of the singlet system and
make transitions from them to the lowest excited
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Pumping. In this typical experimental arrangement, an
organic laser is pumped transversally by a high-powered
pulsed laser. A frequency-doubling crystal can be inserted
between the giant pulse laser and the liquid laser if
pumping with the second harmonic is desired.
Ruby-pumped organic lasers put out 6 megawatts of peak
power with conversion efficiencies of 259%,.

state in about 10'%" second. At this point, one of
two things can happen. The molecule can give up
its energy radiatively or nonradiatively from S; to
So in about 10 second, nonradiatively from S; to
one of the triplet states in about 107 second, and
then radiatively or nonradiatively from the lowest
excited triplet state to the singlet ground state in
about 10? to 10 second.

The emission spectra of organic lasers generally
consists of a number of broad bands resulting from
transitions from the lowest excited singlet to the
various vibrational states of the ground singlet.
There’s a shift in distances between the various
nuclei of the organic compound for the excited
and ground states. As a result, absorption and
emission bands overlap somewhat. This can be
put to good advantage by varying the concentra-
tion of the organic dye, changing the balance of
absorption and emission in a given frequency
range. Thus, the organic lasers can be tuned to
a particular frequency or frequencies.

The rapid transition rate between S; and S, re-
quircs that this laser be pumped with a short-
duration pulse. The organic compound must be
excited with enough power for population inver-
sion to take place. An upper limit on the length of
the pumping pulse is set by the probability of
transitions to the triplet state. Selection of the
organic compound is also vital. If there’s any
significant overlap between the triplet absorption
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Popular ion. In a neodymium ion emission occurs from
the ‘Fs. state to the lower ‘I energy states.

and either the pump bands or singlet emission
states, laser action won’t take place or will be very
weak.

Beginnings

Initially, Sorokin used a high-power pulsed ruby
laser to pump a solution of chloroaluminumphthalo-
cyanine. Since it is possible to double the fre-
quency of ruby and neodymium-doped lasers with
reasonable conversion efficiency, a number of other
organic compounds became candidates. But it’s
only in the past year that flashlamp-excited organic
lasers have been developed. This not only made
these lasers simpler and cheaper but also extended
the list of possible organic compounds and in-
creased the number of available output frequen-
cies.

Outputs of the organic lasers depend on both
the material and the pump. When a Q-switched
laser pump or flashlamp pump is used with mode
locking, the pulses are short—anywhere from 10
microseconds down to picoseconds—and the peak
powers are high. A ruby-pumped organic laser, for
instance, puts out 6 megawatts of peak power and
has a conversion efficiency of 25%. Flashlamp-
pumped organic lasers have peak powers of 0.1
megawatt and efficiencies close to 1%. Their
energy output is about 0.2 joule. Their beam diver-
gences are excellent—about 0.5 milliradian in a
suitable cavity. Pulse repetition rates of about one
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per second have been achieved.

As better flashlamps are developed, efficiencies
and energy outputs of these lasers should climb.
But the presence of the various triplet states makes
continuous operation unlikely.

The problems precluding c¢-w operation in or-
ganic lasers—high pump powers and the triplet
system—aren’t present in inorganic lasers so that
it should eventually be possible to operate the lat-
ter type continuously. In this laser, energy is
pumped in to excite the Nd+*3 ion from the *Iy/-
ground state to the *Fj,. excited state and states
above it. Laser emission takes place in the transi-
tion from the *F3/» to the *I;;/» energy state. The
neodymium ion absorbs less energy than does the
organic compound in the other type of liquid laser,
but absorption is far from negligible. Properties of
the inorganic laser are similar to those of crystal
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Organic Laser Compounds

Compound

chloro-aluminum
phthalocyanine

3, 3’ diethyl thia TC lodide

acridine red

rhodamine 6G

eosin

fluorescein

acridone
3, 3’ dlethyl TC bromide

1, 1’ diethy! v nitro 4, 4’ DC
tetrafluoroborate

1, 1’ diethyl y acetoxy 2, 2/
DC tetrafluoroborate

1, 1/ diethy! 2, 2’ DC lodide
1, 1’ dlethy! 4, 4’ C iodide
3 ethylaminopyrene 5, 8,10

Laser

Wave-

Solvent

ethyl alcohol

ethyl alcohol
ethyl alcohol
ethyl alcohol
ethyl alcohol
ethyl alcohol
ethyl alcohol
water

water

water

ethy! alcohol
methyl alcohol
ethyl alcohol

methy! alcohol

glycerol
glycerol
water

trisulfonic acid (sodium salt)

2, 4, 6 triphenyl pyrilium
fluoroborate

rhodamine B

3, 3’ dlethyl oxa DC iodide
acriflavin hydrochloride
rhodamine B

rhodamine G

4 methyl umbelliferone

3, 3’ diethyi 2, 2’ (5, 6, 5', 6’

methyl alcohol

ethyl alcohol
methyl alcohol
ethyl alcohol
ethyl alcohol
ethyl alcoho!
water

acetone

tetramethoxy) thia TC iodide

3,3’ diethyi 2, 2' (4, 5, 4', 5’
dibenzo) thia TC iodide

3, 3’ diethy! 10 chloro 2, 2’
(4, 5, 4’, 5’ dibenzo) thia
DC lodide

3, 3’ diethyl 10 c¢hloro 2, 27
(5, 6, 5, &' dibenzo) thia
DC lodide

1, 1’ dimethyl 4, 4’ QC iodide
1, 1’ diethy! 4, 4’ QC bromide
1, 1’ diethyl 2, 2’ QTC iodide
1, 1’ diethyl 4, 4’ QTC iodide

1, 1’ diethyl 11 bromo 2, 2
QDC iodide

1, 1’ dimethyl 11 bromo 2, 2/
QDC iodide

1, 1/ diethyl 11 bromo 4, 4’
QDC lodide

3, 3’ diethyl 2, 2’ oxa TC
lodide

3, 3’ dimethyl 2, 2’ oxa
TC lodide

1, 3, 3, 1', 3, 3’ hexamethyl
2, 2’ indo TC iodide

3, 3’ diethyl 2, 2’
selena-TC iodide

3, 3 diethyl 2, 2’ (5, 5’
dimethyl) thiazolino TC
iodide

acetone

acetone

acetone

glycerine
glycerine
acetone
acetone
glycerine

glycerine
methanol
acetone
acetone
acetone
acetone

glycerine

length

7550

8030
5800
5500
5650
5400
5270
5270
5390
5350
4370
8130
8050

7970

7700
7450
4410

4850

6080
6580
5100
5770
5850
4540
8530

8600

7740

7140

74390
7540
8980
10000
8150

7450

8300

7420

7440

8190

8260

7170

Pump

rrrrr

Abbreviations used in this table are as follows:

Tricarbocyanine
Dicarbocyanine
Carbocyanine
Quinocarbocyanine
Quinotricarbocyanine
Quinodicarbocyanine
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and glass lasers, since the emission mechanisms
are similar.

It wasn’t until recently that scientists realized
why fluorescence in liquids was so weak. They had
been puzzled because the spectroscopy of solu-
tions of rare earth ions suggested that their energy
level structure was similar to that of the same
ions in solid materials. Then it was realized that
proton- or hydrogen-containing species in the sol-
vent can deactivate rare-earth ions and quench
fluorescent emission.

Based on this reasoning, Heller produced the first
solvent that didn’t contain hydrogen and could dis-
solve Nd+? in high concentrations. However, this
solvent, a mixture of selenium oxychloride and tin
tetrachloride, was highly corrosive and toxic. To
get around this difficulty, quartz and Teflon—both
essentially unaffected by the solvent—were used
to fabricate components in the inorganic laser.
However, care had to be taken to guard against
leakage of the toxic solvent.

Then, in the last few months, researchers devel-
oped a phosphorous oxychloride (POCI;) solvent
that is less corrosive and considerably less toxic.
They found at first that they couldn’t make a solu-
tion of dry phosphorous oxychloride and tin tetra-
chloride. However, by adding water and then care-
fully distilling it away, they got a stable solution.
They suspect that the water reacts with the phos-
phorous oxychloride to form another phosphorous
compound, stabilizing the solution.

Evaluations of this new solvent are by no means
complete, but spectroscopic studies indicate that
the potential power and efficiency of neodymium
liquid lasers using this solvent would equal those
of glass and yttrium-aluminum-garnet types.

For example, absorption spectra of neodymium-
doped glass and neodymium-doped SeOCI, are
quite comparable. Emission from the neodymmum-
doped solution is significantly greater than that
from glass and laser emission is limited to many
fewer wavelengths. Actually, the gain of the liquid
neodymium laser lies between those of the glass
and yag lasers.

Most experiments have been performed with
noncirculating inorganic lasers. In the GT&E ver-
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Static laser. Most
experiments with inorganic
liquid lasers at GT&E have
been done with
noncirculating types such
as this one. The data
provides a reference for
work with the newer
circulating lasers.

sion of these devices, the cell holding the liquid is
a hollow quartz or Pyrex cylinder mechanically and
optically finished so that its ends are flat, parallel,
and normal to the axis. End windows can be fas-
tened into place in a variety of ways, and the seal
between the window and cell is made with a
Teflon-coated rubber O-ring. The energy output
depends upon length; for example, a 6-inch cell
puts out 10 joules with a slope efficiency of about
1%, and a 20-inch cell puts out more than 30 joules
with even greater slope efficiencies.

The inorganic lasers can also be Q-switched and
mode-locked by conventional techniques to produce
up to gigawatt peak powers. They have an un-
usual property similar to one observed only in ruby
lasers. If their cavity Q is adjusted to be low—that
is, if the mirror reflectivity is decreased—their out-
put consists of giant spikes. No additional active or
passive element is required to produce the effect.

The reason isn’t clearly understood, but this
self Q-switching appears to be related to stimu-
lated Brillouin scattering in the solution. A model
has been suggested in which the laser cavity inter-
acts with some highly polarizable component of
the solution. As a result, there is a pronounced
back scattering of the radiation—in effect, the light
is reflected backward. Since the cavity has been
adjusted to have low feedback, the sudden increase
in reflectivity leads to a giant pulse.

Mobile medium

The real future of inorganic lasers, however, lies
with the circulating system. The circulation not
only cools the liquid but also compensates for any
local inhomogenieties in the refractive index. Opti-
cal damage from high-powered laser beams doesn’t
occur, as it does in some solid state lasers. If a
volume of a few hundred cubic centimeters of the
liquid is used, circulation alone is sufficient to
cool the laser—even at high pulse repetition rates.

The development of POCI; suggests that sol-
vents that can dissolve other rare-earth ions may
be developed. Researchers would like, for exam-
ple, to make use of the europium ion. To date,
however, they’'ve been unable to get it to emit
coherent light except in the chelate environment.
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Design theory

Calculating Gunn-diode output

Use of equal-area analysis and Fourier transforms provides a simple

and straightforward method of predicting generated microwave power

By Mohammed N. Al-Moufti, Stanley V. Jaskolski, and T. Koryu Ishii

Department of Electrical Engineering, Marquette University, Milwaukee

The recent marketing of Gunn-effect microwave
diodes is a prime example of the surprising speed
with which devices based on new principles are
moving from research lab to engineering bench.
At the same time, the devices themselves ex-
emplify how engineering techniques often lag be-
hind technological innovations. For despite all the
work that’s been done on the domain physics of
Gunn diodes, until recently there was no simple
way to calculate the output of these power sources.

There is one now, based on an equal-area analy-
sis of a curve relating the average carrier velocity
to voltage. From this, the portion of the applied
voltage absorbed by the moving high-field domain
can be found. The generated r-f voltage can then
be determined by a Fourier analysis of the saw-
tooth waveform assumed for the domain voltage,
and with this, the output power can be calculated.

Earlier techniques were no more quantitative
and a great deal more complicated. J.R. Gunn, the
device’s inventor, devised a method of determining
the current waveform from a sample voltage, and
a more general thecory of the diode’s efficiency
was presented by W. Heinle, who employed a
drift-velocity, field-strength characteristic to de-
scribe the device’s dynamic behavior. But the new
technique provides a far more straightforward way
of computing absolute output power.

Domain propagation

During Gunn oscillations, a high-field domain
forms at the cathode of the bulk-effect device and
propagates through the bulk semiconductor sample
to the anode where it vanishes. Another domain
then forms and starts the process over again. The
voltage absorbed by this domain is related to the
generated microwave voltage, V,, and the micro-
wave output power is equal to V,.?/2Z;, where Z,
is the microwave load impedance.

Part of the external bias voltage, V, applied
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across the diode is absorbed by the high-field do-
main, whose voltage is Vp. The remaining bulk
sample voltage (outside the high-field domain),
Vi, is low. Thus:

V=Vp+V,

To find V,, a graph of the average carrier drift
velocity as a function of the bias voltage can be
constructed using

3 1 4 QF
=vx (T5r)
where
v = average carrier drift velocity
V, = product of lower valley mobility and the

sample threshold field = p;, E cax
Xo = ratio of the applied electric field to the
threshold field, = E/Ecax
ratio of the upper to lower valley mobility
—py/ur,
F = ratio of the upper to the lower valley car-
rier density

< (VZ.“)B (B-l—-l)

1
B =
]. —— Jp
%o Epenk

J» being the peak current density and o, the con-
ductivity of the sample.

With equal-area analysis, the low-field voltage,
V1, can be obtained from a plot of the average car-
rier drive velocity versus bias voltage.

As an example, consider a Texas Instruments
Gunn diode (the TI-G) whose typical value of elec-
tron upper-valley mobility, py, is 50 cm? per volt-
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second, and whose electron lower-valley mobility,
ug, is 6,200 cm?/volt-sec. For this diode, therefore,
Q =8.06 x 10,

Now, E eik = Vipear/l, where Vi.u is the d-c bias
voltage that produces the peak current in the volt-
ampere characteristic curve and 1 is the sample
length. In the case of the TI-G diode, Ve is 3.8
volts and 1 is 10 cm. Therefore, Ecac is 3,800
volts/cm and

Vo= ,,LLE,“.=2.36 X 107 cm/sec

Also,

E Vv
X=Fom — 38

The peak current, I,,, of the TI-G diode is 160 milli-
amperes. With a cross-sectional area of 34 x 10
cm?, the current density is thus J, =I,/A, or 0.471
x 10* amp/cm?.

The low-field conductivity can be calculated from

%o =ne,uL

where n is the free carrier concentration and e is
the charge of an electron. For the TI-G, n is 2.5 x
10'% electrons/cm?, and o, is therefore 2.48 mho/
cm. Thus, with data for E,enx, on, and J,, B can be
calculated to be equal to about 2.

Then,
V 2
in ( mek)

The average carrier drift velocity v as a function
of the bias voltage V is thus

o V2
—J_
1+8.06 X 10 (3.8)

38 1+ (%) 2

If this equation is plotted for V ranging from 0 to 8
volts, the curve at the right is obtained.

Once this volt-ampere characteristic curve is
plotted, the minimum low-field voltage V. can be

v=2:36 X 107

Vo
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obtained using the cqual-area analysis, done as
follows:

In the average carrier-drift-velocity-versus-sam-
ple-electric-field characteristic, a horizontal line is
drawn to intersect the curve through a bias field
point Py. If the area surrounded by the curve and

Sawtooth. The voltage
across the high-field
domain is assumed to
rise linearly with time
and then drop sharply in

sawtooth fashion. Its
_L fundamental sinusoidal

e 2y A A
/, // ,/,
I’/ 3
T 27 3T a1

TIME
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component determines
the microwave power.
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the horizontal line, Area 1, is made equal to the
area between the horizontal line and the curve,
Area 2, as illustrated, the readings of the intersect-
ing points on the abscissa—E;, and Ep, respectively
—represent the minimum low electric field in the
sample and the maximum high electric field in the
sample’s traveling domain. These electric field
values can be converted to voltages by multiplying
them by the active length of the diode.

Knowing the bias voltage and low-field voltage,
Vi, we can now establish the voltage absorbed by
the domain—their difference.

As the high-field domain drifts across the semi-
conductor, the absorbed domain voltage increases.
Let’s assume for simplicity that its waveform is ap-
proximately a linear sawtooth with period T, as
on page 149 and reaches a maximum value, Vp, just
before it discharges at the anode.

Resolving this into its Fourier components, we
find the fundamental component, V., to be ap-
proximately the generated fundamental microwave
signal. The power output, P, of the microwave os-
cillation is then simply:

1 .
y - (2Z,,) Wtk

where Zy, is the load impedance of the Gunn device.
Comparison of results

To illustrate this method, its results will be com-
pared with those obtained experimentally.

At bias voltages of 6.8, 6.9, 7.0, 7.3, and 7.5 volts,
the corresponding low-field voltages are determined
graphically from plots of the average carrier drift
velocity as a function of bias voltage. Vp is estab-
lished in this way, and this leads to a determina-
tion of V...

The fundamental component of the sawtooth
wave with peak value is

Vp
— sin ot

v

so its maximum value is Vp/x. Therefore,

Vg = —
rt P

With Vi, and V., known, and with Z;, equal to
the characteristic impedance, Z,, of the waveguide
where

2b 1
3 T
Vi- (&)
five values for the diode’s microwave output are
calculated using a = waveguide width, 0.9 inch;
b = waveguide height, 0.4 inch; and A = operating

wavelength, 3 em (f, = 10 Ghz).
These theoretical values are plotted along with

Z, = 377
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Close enough. The theoretical and experimental values
for a typical Gunn diode are within 6 db of one another.

the experimentally obtained output power meas-
urements, as shown above. The difference be-
tween the theoretical and experimental values is
well within = 3 decibels (or 6 db peak to peak).
Given the present state of the art in the field, this
discrepancy, though not insignificant, is quite ac-
ceptable.

The discrepancies between the observed results
and theoretical predictions stem from the fact that
the shape of the high-field domain absorbed volt-
age isn’t exactly sawtooth, that the circuit interpre-
tation is oversimplified, and that the definition of
waveguide characteristic impedance is somewhat
ambiguous.
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Components

MOS multiplexer switches
can do well at high frequencies

Signal feedthrough, frequency limitations, and transients can become serious
above 1 kilohertz, but mathematical models make it possible to design

circuits whose performance isn’t marred by these difficulties

By Per Mogensen and Wallace Chan

Fairchild Semiconductor, Mountain View, Calif.

The no-moving-part version of the relay, the metal
oxide semiconductor multiplexer switch, is so su-
perior that it has virtually replaced its mechanical
counterpart in industrial and military applications.
In equipment such as analog-to-digital converters,
telemeters, multichannel data transmission and con-
trol systems, and computer input-output circuits,
it has no peer. However, certain pitfalls can make
the MOS switch less useful than the relay.

When MOS multiplexer switches are operated at
signal frequencies above 1 kilohertz, capacitance
effects become significant and can be serious if
they are not allowed for in the design. These
effects are:

®» Signal feedthrough. A signal can feed capaci-
tively through a channel that’s off, causing an
erroneous reading in another on channel. In a
well shielded system, this coupling between input
and output is mainly due to the capacitance of the
multiplexer switch itself.

* Frequency limitations. The maximum signal
frequency that the switch can transmit depends on
how fast the signal source can charge the capaci-
tance of the channel and external load through the
channel on resistance and the source resistance.
This maximum is usually expressed as the 3-deci-
bel frequency.

* Transicnts. The capacitive coupling between
gate and channel gives rise to a voltage transient
on the signal output each time a channel is
switched.

Mathematical models are available for each of
these effects and can be used to predict high-fre-
quency performance. The models described here
are for a simple two-channel switch in an single
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package, but they can easily be extended to cover
any number of channels in single or multiple pack-
aging schemes.

Finding feedthrough

Signal feedthrough—the ratio of output voltage
Vot to the voltage Vg, at the input of the off
transistor in the two-channel multiplexer shown
on opposite page—is essentially a function of the
resistance and capacitance of the combined circuits.

The equivalent circuit shown below the actual cir-
cuit applies when Rga> >R or Rge< <Ron. From

' Symbols
Va = Signal voltage in channel 1
Ve: — Signal voitage in channel 2
Rs: — Signal resistance in channel 1
Rs: — Signal resistance in channel 2
Cs — Wiring capacitance in channel 1
| Cs: — Wiring capacitance in channel 2
Csse — Source-to-bulk capacitance
Csc — Source-to-gate capacitance
Cpse — Common-drain-to-bulk capacitance
Cnc — Common-drain-to-gate capacitance
Csp — Source-to-common-drain capacitance
Ca = MOS-channel-to-bulk (and gate metal)

capacitance
R.» — MOS-channel on resistance

Ry = Load resistor (generally > > Ran) |
C. — Load capacitance, including wiring
Ci» — Multiplexer switch input capacitance ]
; C..¢ — Mulitiplexer switch output capacitance |
!
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Multiplexer. Voltages on gates switch channels on and
off to connect alternate signals to the load. Equivalent
circuit at bottom is for feedthrough equations.

this circuit, the signal feedthrough can be calcu-
lated from

j w
Vout - w3

Vs1—<1+j‘—%><l+j:> )

if 1, wp, and w; are defined as shown on next page;
o without a subscript represents the radial fre-
quency of Vg. In most multiplexer switches avail-
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able today, R,, is between 100 and 1,000 ohms, and
Rs1 and Rs» range from 0 to 10 kilohms.

Ordinarily, in a well shielded system, Cgp is
between one and three orders of magnitude smaller
than C; and C,, so the expressions for v; and w.
aren’t nearly as formidable as they appear. They
reduce to an equation in which »; and w, each as-
sumes one of two values

. _ 1
\ CiRs
1

B C: R,

where o, is the smaller of the two quantities on
the right.

The maximum signal feedthrough, from equation
1, is

‘VOU'.

f—Tes 20 log <ﬂ) decibels
81 w3

C: needs further explanation, It is the input
wiring capacitance in parallel with the source-to-
bulk capacitance and the source-to-gate capaci-
tance. For practical purposes, C, equals the wiring
capacitance in parallel with the channel input ca-
pacitance (the latter measured with the gate at
ground).

For Ry:< <R,,, C. is approximately equal to the
multiplexer output capacitance in parallel with the
load capacitance

C; = Cps + Cr + 2Cpa + 3Co
t= Cout + CL

And when Rg2> >R, it’s necessary to add the ca-
pacitance from the input node of the on channel:

C: = Cpp+CL+2Cpa+Ce+Cs:+Csp+Cse
= Cout+CL+CS2+CIn

One needn’t use equation 1 to construct a con-
tinuous curve of feedthrough versus frequency. A
simpler procedure yields fairly accurate results:
calculate the maximum V,,/Vs, from equation 1,
construct a line corresponding to this value between
w; and w,, then draw lines dropping off at 20 db
per decade on both sides.

An example: Fairchild’s 3701 six-channel multi-
plexer switch has C; = 5 picofarads, C» = 25 pf,
and Csp = 0.02 pf. Assume that the system param-
eters Rs; and Rg, are 10 kilohms. Then w;, ws, and
w3, expressed in cycles per second (hertz) instead
of radians per seconds, are 0.64, 3.2 and 800 mega-
hertz, respectively. The maximum Vgu/Vs; is —62
db. Feedthrough can now be plotted as a function
of frequency with the simplified construction. The
result is acceptably close to the measured curve, as
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at top of page 155.

A multiplexer is ordinarily operated below w;.
In this range the feedthrough depends on the prod-
uct CspRo—the smaller this product is, the less
feedthrough.

The 3-db frequency

To find the maximum signal frequency, the
equivalent circuit can be simplified even further,
as on page 155. The transfer function—from which
the 3-db frequency can be found—for this circuit

can be calculated from
Vout 1

Ver
) (1+jwil>(1+j%) L

if o, and w2 are defined as shown in box below. It
turns out that o; and w» are points at which the
plot of transfer function versus frequency changes
slope. And w, is, in fact, the frequency at which
the transfer function is 3 db down from its low

Feedthrough definitions

(CSD+CI)RSI+ (Csp+C2)Ra— V[(Csp+Ci) Rsi+(Csp+Cs) RaP—4[Csp(Ci+Cs) +CiCi] RaiRe

2 [CSD(C1+02) +CiC3] Rs1 Rz

(CSD+CI)RSI+(CSD+C2)R4+ V[(Cep+C1) Rsi+(Csp+C:) ReJ2—4 [Csp(C1+Cs) +CiCo] RsiRe

-
i T

VOU'-

2 [Csp (Ci+C2) +CiC2] Ra1 R

The basic equation for feedthrough, from the equiv-alent circuit, is

jwCsp R

Va

~ (w)*[Csp (Ci + Cz) + Ci Co) Rsu Re + jw [(Csp + C1) Rsu + (Csp + C2) Ra] +1

which reduces to equation 1 when oy, vz, and wg aredefined as shown.

Three-db definitions
o = R (Gt Ce) + Ron C2 — Y [Rsz (Ci + Cy) + Ran Col* — 4 Rer Ron G C:
- 2R g2 Ron C1 Ce
- Rs: (C1 + C3) 4 Ron G + V [Rs2 (C1 + C2) + Ren GJ? — 4 Rg; R C1 G2

Vou'. 1

2Rs: Ran G, C;

The transfer function, from the equivalent circuit, is

Ve:

Time constants

(jw)? Rgz Ron C1 C2 + jw [Rs2 (C1 + C2) + Ran Co] + 1

This simplifies to equation 2 when w; and v aredefined as shown.

2Ra R G G

T =

T3 =

Re1 (C1 + C3) + Roa C: — ¥V [Ra1 (C1 + Co) + Ron Ca2]? — 4Rs1t Roa G Ce
2 RSI Ron Cl 02

Rei (Ci + C) + Roa Cs + V [Rar (Ci + C2) + Roa CiJ? — 4Rs1 Rea C1 Ca
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frequency value. As before, the frequency response
curve can be approximated by straight lines con-
nccted at the critical frequencies, as below left.

If the signal source resistance Rgz is smaller

than R,,, then

1
Ron C2

Wy = ®
On the other hand, if Rg. is much larger than the on

w =

f f2
|
-601- - CALCULATED
R = ——
[+o]
© /
- o= 4
EERL g MEASURED \
/ N
\
1 d L1 I i1 111
5061 10 10

FREQUENCY, MHZ

Close. The dashed line approximates the measured
feedthrough well enough for practical purposes.

—e Vout

.]|—°{

Cy = Csp+Csp +Cgg +172C6 =~ Cs2+Cin
CZ = CL+ cDB +ZCDG+ CSD +|/ZCG = CL + cOUf
R_> Ron * Rsy
Another equivalent. A simplified version of the circuit
is used for 3-db point and transient calculations.

20 LOG

Vs2

wy Uz

LOGw

/

~209b/hecane

/
_40d%ECADE

Graphic. A simple construction approximates the
attenuation of signal with frequency.
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resistance

1
Rs: (C1 -+ Co)

1
-t C.C
12
Ron ( G+ Cz)
In other words, increasing the signal resistance
rapidly degrades switch performance because the
3-db frequency [fzay = (1/27) ] is inversely pro-
portional to Rgs when Ry > >R,
In the 3701, for example, R, is 300 ohms. Assume
that Cl = Csz + Cln =35 pf and C2 = CL + Coug

= 20 pf. If the signal resistance is large, say Rgo =
10 kilohms

w =

1 1

b= o Tk (5pf + 20pf)

= 0.64 Mhz

In contrast, when Rgo — 0

1 1

b= 300-20pf

= 27 Mhz

Transient events

When one channel is switched off and another is
switched on, the transient voltages at the gates
feed through the drain-to-gate capacitance to the
output. The sequence of events is shown in figure
below; to make things clearer, the control voltages
are staggered so that both channels are off simul-
taneously for a short time.

The drain-gate capacitance and the capacitance
between output and ground form a capacitive volt-
age divider, making the voltage change (i.e., the

v Ja
Vst =~
Vo=t~
Wy -
AVGg =2
—_—
CHANNEL 1
AVour TURN-OFF~_ .
i S — o HANNEL 2
S URN-ON
Vsz-— ————————— o =

CHANNEL 2

TURN-OFF TURN-ON

Sequence of events. Transient voltages occur when a
channel is turned on while the other is off,
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transient) at the output

~ Coe Ve
Cos + Ci + 2Cpa

_ CoaVa (3)
Cout. + CL

In this equation, it’s assumed that the capacitors
are voltage-independent, just as it was assumed
that the capacitors and resistors were constant in
the previous equations. This isn’t true, of course;
all capacitances and the channel resistance in MOS
devices are voltage-dependent. But taking the de-
pendency into account would make the analysis
too complicated. Fortunately, the equations are
accurate enough for practical purposes even if the
voltage dependence is ignored.

Avout e
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Trace. Oscilloscope shows switching transients for
3701. Horizontal scale is 2 usec per large division.

P

Vg1 = Vs

1
« { 0—-%1._1 )(V51-Vsz)
2

Turned on. The rise in output voltage after a new channel
is turned on is a function of the time constants.
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It has also been assumed that the time constants
of the control circuits are small compared to the
time constants of the multiplexer switch. This is
always true when both channels are off; the output
voltage is almost constant because the load is large
—usually 100 kilohms or more. But as soon as a
channel is turncd on, the load is charged through
the relatively small channel resistance. This re-
duces the multiplexer-switch time constant, but the
time constants in the control circuits still must be
much smaller for the AV, expression to be correct.

The time constants are important for another
reason, too—they indicate how often the multiplexer
can switch from one channel to another. This maxi-
mum switching speed depends on how long it takes
the output to settle to the signal voltage each time
a new channel is turned on. The settling time, in
turn, is a function of the switch’s time constants.

The time constants associated with the change
from both channels off to one channel on can be
calculated from the equivalent circuit on page 155.
For an abrupt change from Vse to Vs

Vnut = (VSI - VSS) X
— -vl S =% - = 1_ — —t/r,
[1 + 71/72—1 € <1 + 71/72—1 ) e

The time constants are defined in the box on page
154. When Rg; is much smaller or larger than R,
the time constants reduce to simple expressions.
For Rs1 < <Rau

- R'on Cl
Ty = 0
and for Rq; > >R,
71 = Re1 (C1 + G) 4
T
Ty &= Ron<01+C2> (5)

Imagine 30 volts on the gates of a 3701 multi-
plexer switch, with Cpe = 1 pf, C2 =~ Coue + Cp
=120 pf, Cl = C51 + Ch, = $ pf, and R51 =51
kilohms. Rs; is much larger than the R,, of 300
ohms. Then the change in output voltage as channel
1 is switched on, with channel 2 remaining off, is

_ (et _
AWVl = <20pf ) 30v = 1.5 volt

according to equation 3. The time constants, from
equations 4 and 5, are r, = 124 nsec and 7, =
1 nsec.

These calculated values compare fairly well with
those from an oscilloscope trace, reproduced left,
in which AV, is about 2 volts, r; is about 200 nano-
seconds, and 7. is too small to read. The voltage
changes aren’t usually as abrupt, but when they are
it's a good idea to allow a brief interval, as shown,
between changes of state to prevent a short-circuit
between the two signal voltages.
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At last an

IC tester that
even a company
president

can use.

It's the new Signetics Mode! 1100 Integrated a few minutes training, incoming inspection
Circuit tester series. Never before have such or production ﬁersonnel can test 5 to 10,000
simple-to-use machines performed such complex IC's per day (that's over 2 million per year). On
functions in the hands of a totally unskilled the other hand, engineers can completely test
operator (company presidents do forget). In fact single IC's in seconds. Prices start at $3,795.
the 1100's were designed to be the most compact, See below for information or a demonstration.
comprehensive, inexpensive, easy to use, And if you're a company president, we'll
production-oriented IC testers on the market. throw in a box of cigars.

¢nd t?at'? jus} w:lat (tjh_ey ar:s. Tl

ou simply select and insert a single program

board, plug in the IC and punch the test button. SIGNETICS CORPORATION
Instantly, you get complete *“go-no-go” assurance, 5 MEASUREMENT/DATA

Including AC performance capability. With just A subsidiary of Corning Glass Works

For detailed information or a demonstration write Signetics, Measurement/Data, 811 E, Arques Ave., Sunnyvale, Calil. 94086, or contact one of the following:

AUTHORIZED SIGNETICS REPRESENTATIVES (Measurement/Data) O Alabama and Tennessee Col-ins -Co.. Inc, Huntsville (205) 539-1771 O Land M fne, I {213) 678-5409; Santa Clara (408) 243-6661 O
Conneciicut Datech Ascociates. Inc , New Haven (203) 624-7291 O District of Columbla (see Stiver Spring, Maryland) O Florida Col-Ins -Co., Inc, Orlando (305) 423-7615 O Georgla Cot-Ins.-Co , Inc, Marietts (404) 422-8327 O Illinols Carter
Electronica, Inc, Chicago (312) 776 1601 O Indiana Carter Electronics, tn Irdianapolis (317) 293-0696 O Marytand QED Electronics, Inc , Silver Spring (301) 588-8134 O Datech Inc, {817) 527-5334 O

Carter Inc , (612) B69-3261 O Mississippi/Louisiana Col-lns -Co, Inc, St. Lowis (504) 833-1118 O New Jersey QED Electronics, Inc , Camden (215) 825-8711 O New York QED Electronics, tnc, Mt Vernon

(914) 968-2200 O J A Reagsn Co, Inc, Albany (518) 489-4777, Binghamton (607) 723-9661: Newburgh (914) 561-4510, Syracuse (315) 471.7274; Utica {315) 732-3775, Rochester (718) 473-2115 O North Carolina Col-Ins -Co, Inc.,
Winston-Salem (919) 765-3650 O Ohlo WKM Associates Inc, Cleveland (216} 885-5616, Day'on {573) 434-7500 O Pennsylvanie WKM Ascucisies. Inc, Pittsburgh {412) 892-2033 O Michigan WKM Associates, Inc, DetroMt {313) 892-2500 O
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If you’re building any computer What we’ll do for an encore:
except a Computer, you need CTxL. MSI CTwL will be out before the

CTrL integrated circuits will give year ends. CTrL-II will be out even
you more speed for less money than sooner, offering improvements like
any other ICs. They’re perfect for gate propagation delay of 1.5nsec.
process control systems, test instru- (typical, loaded) and a buffer and

mentation, central processing units,
computer peripheral equipment —
just about anything short of an
airborne computer.

Keep it in the family.

You can build a complete digital
logic system with Fairchild’s family
of CTrL devices. We have gates,
flip-flops, inverters and memory cir-
cuits. A dozen different devices that
make a computer easy to package.
And, you’ll need only about 80 per-
cent as many packages as required
with T'TL.

You get out of it

what you put into it.

The key CTrL characteristic is non-
saturating logic. That means you get
fast gate propagation delay (typi-
cally 3nsec) with slow rise and fall
times (typically 6nsec) . So, there’s
no need for transmission lines or
complex packaging. You can build an
entire computer with normal two-
sided circuit boards. Also, CTuL can
handle signal swings as large as 3V.
It also provides typical noise
immunity of 500mV. —

The world’s largest manufacturer
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inverter with propagation delays of
Snsec, compared with 12nsec in
standard CTwuL. And, the new MSI
and CTurL-II circuitry will interface
beautifully with all these standard
CTuL devices:

Device Price (100-999)
9952 Dual NOR Gate ............. $1.25
9953 Triple AND Gate ............ 125
9954 Dual Four-input

ANDGate .................. 1.25
9955 Eight-input AND Gate . . .. ... 1.25
9956 Dual Buffer ............... .. 1.25
9957 Dual-rank Flip-flop .......... 2.00

9964 Dual Three-input and
Single-input

ANDGates ................. 1.25
9965 Quad Single-input
ANDGate .................. 1.25

9966 Quad Two-input
AND Gates, one pair

withOR-tie . ................ 1.25
9967JK Flipflop .............. .. 2.00
9968 Dual Latch ............... .. 2.00
9971 Quad Two-input

AND Gates with

OR-tiedpairs . ............... 1.25

9972 Quad Two-input
AND Gates, one pair
withOR-tie . ............ .. .. 1.25

If you want CTrL-II in sample
quantities, call Fairchild. If you
want standard CTrLin production
quantities, call a Fairchild distribu-
tor. He has everything you need

to build any computer.

Even a Computer.

===
EAIRCHILD
SEMICONOUCTOR

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

of LSI admits there’s another way

Electronics | November 11, 1968
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GUESS HOW
LITTLE

THIS CHAMBER
WITH NEW

PROPORTIONAL
CONTROL
COSTS

(ONLY $3981)

That isn‘t a mis-print. For less than $400 you can buy a
Blue M Stabil-Therm Electric Utility Oven equipped with
the new POWER-O-MATIC 70T™ Solid-State Proportioning
Control System — and get performance that you would
expect only from instrumentation costing hundreds of
dollars more.

Compact and extremely simple, patented POWER-O-
MATIC 70 has an adjustable range to +300°C. (the range
of the unit shown is +260°C.). It provides control tolerance
of #0.2°C. with extremely fast response to temperature
changes. Features such as ambient temperature compensa-
tion and line voltage compensation are built in. Now
laboratory personnel with limited budgets can select
equipment with truly remarkable performance capabilities
at a price competitive with inefficient, unreliable on-off
controls.

‘4 BLUE M

160 Circle 160 on reader service card

POWER-O-MATIC 70 is now available on a number of
Blue M chambers — Ovens, Incubators, Sterilizers, Temper-
ature/Humidity Cabinets — dozens of units in all. Most
have overtemperature protection built-in, and all provide
the same fine performance and marked economy typified
by the Stabil-Therm Oven shown here. It has stainless in-
side, baked-on enamel steel exterior, and measures 19"
W. x 15” D. x 18” H. I.D. One of six models, including
all-stainless units. Comes complete with shelves and ther-
mometer.

If you're in the market for a temperature controlled
chamber combining quality, performance and economy, it
will pay you to investigate the new POWER-O-MATIC 70
chambers. You'll get your money’s worth — and morel

SEND FOR FULL INFORMATION

BLUE M Elctuc Company

Corporate Headquarters: BLUE ISLAND, ILLINOIS 60406
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The wrapped
tubular
explosion!

When you think of wrapped
mylar capacitors, you naturally
think of Cornell-Dubilier. Over the

years, our type WMF has become
an industry standard.

But our wrapped mylars are
just a small part of the biggest se-
lection of wrapped tubular capac-
itors made. The CDE line also in-
cludes type MFP pressed mylars,
military grade type CTM myilars,
type MMW metallized mylars and

two brand new types. WCR poly-
carbonates and MCR metallized
polycarbonates.

All are SPRINT stock stand-
ards. All are available through
CDE's Authorized Industrial
Distributors.

) CORNELL-
N2l DUBILIER




C lowest profile—smallest over-all
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 contact bounce 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 11N8
C.P.Clare &Co., Chicago, lllinois 60645
...and worldwide,

- a GENERAL INSTRUMENT company

- y ’ TI=N
I

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



We solve problems
you never knew you had.

Any good custom fabricator can solve
problems he can see.

It's the ones you can’t see that cause all
the trouble.

Like parts that stick in the mold.

Or too much flash on the edges.

Orproductiondelays and extracharges
for special die changes.

Well, at Sylvania, we don’t take
chances. When you turn out 50 million
precision parts a day, you have to solve
problems before they exist.

So the first thing we do is analyze your
part’s design and its function in the finished
product. You'd be surprised at how many

problems we solve here.

Then our diemakers look into it. They
know what a tool can and can’t do. They
solve problems you never knew existed.

Finally, our production engineers get
into the act. It's one thing to design a part;
it's another to produce it economically.
Sometimes, this means designing a whole
new piece of equipment. Other times, it
calls for modifying your design.

Either way, it means you get the parts
you want, the way you want them, when
you want them—probably at lower cost
than you could do it for yourself.

And we've got nine plants, the most

advanced equipment and the best die-
makers and engineers around. We've been
doing it for 17 years. On transistor leads,
computer memory core Frdmes,connectors,
pen caps, aerosol spray tips, razor blade
dispensers, integrated circuit frames. You
name it.

So the nexttime you need a custom fab-
ricated precision part, let us solve your
problems. Especially the ones you don't
even know you have.

SylvaniaMetals & Chemicals, Parts Div.,
Warren,Pa. 16365.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS



What is small,
has stripes,

and shrinks boards?

sb8888848

>

» ! » . .
» » r 3
PN
-
' .

16 transistors 16 transistors

8 capacitors 8 capacitors
52 C3 resistors 52 RLO7 resistors
Actual size Actual size

Now you can get 1/8 watt in a clean lead length of .150” and
diameter of .066” maximum. That means a 35% reduction
in board size for these eight Schmitt trigger circuits. Plus
the proven stability of glass tin oxide film construction.

Put more circuit in the same space.
Or put the same circuit on a smaller board.

For specs and samples, write to Corning Glass Works,
Electronic Products Division, Corning, N.Y. 14830.

CORNING

ELECTRONICS



Very few capital equipment requests can be accompanied
with a 12 year payback expectation. If your firm
constantly strives to reduce its overhead and increase the
quality and efficiency of its operation, be sure your drafting
department has evaluated the Mergenthaler DIAGRAMMER— -
an automated push-button drafting system. Users have
experienced increased output of better than 4 to 1 over
manual methods — 30 to 1 when drawing data is

furnished in digitized form — plus receiving superior,
“better-than-inked” quality that is geared

to the requirements of today and tomorrow’s

300 East 42 Street, New York, N.Y. 10017.

Tel.: 212-661-5615; TWX 710-581-3385.

information storage, retrieval and data
...............0........................

transmission systems. For DIAGRAMMER details
and user payback testimonials, contact Automated
Drafting Systems, Mergenthaler Linotype Co.,

a Division of ELTRA Corporation,

City/State/Zip
Mergenthaler Linotype Co., 300 East 42 Street, New York, N.Y. 10017

°

$  Please send me DIAGRAMMER details ( )

: Please call me soon ( ) Phone No

° .
° Name, Title.
: Firm

°

e Address

°

[

®

[ ]

°

°

1Y- YEARS

THE DIAGRANMMER b | Mergenthaler |

total
graphic arts
company
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If you have speed
control or detection

problems check out

Model 3070 hazardous location, UL
listed magnetic pickup. Has 18" leads;
mounts in 3;"—20 threaded hole.

these versatile

ELECTRO Magnetic Pickups...

Take a look at the list at the right. It covers
just a few of the many applications in which
ELECTRO’s magnetic pickups are being used.
What’s your problem? Positioning? Speed de-
tection? Speed control? Timing pulses?

Maybe you can do it better—more econom-
ically with a magnetic pickup. Our electronic
engineering specialists will help you determine
if an ELECTRO magnetic pickup can supply
an economical solution.

Write for a magnetic pickup data portfolio.

® As a substitute for standard tachometer generator
e High speed printer roll sync and servo control

® Up-to-speed indication for drum memory

® Sector sync signal for disk memory

e Machine gun performance

® Analog electromechanical computer test probe

e Speed control servo for message tape recorder

o Remote water meter indicator and control

e Aircraft generator bearing check

® Diesel engine speed control

Model 3080 world's smallest standard "
magnetic pickup. 10-32 thread x %" long,
weighs only .05 oz. Up to 10V p-p output.

ACTUAL SIZE

o Differential speed measurement
e Tapping machine control

e Molding machine speed indication

MAG. PICKUPS

MAG. PICKUP

TACHOMETER

COUNTER
‘O X e

Speed Control on Diesel Pumping Engine:
Contact tachometers proved inadequate pri-
marily because there are so few places to con-
nect them. A magnetic pickup and Electro-tach
(with the addition of a 73.163 Pulse Adaptor)
sensing a series of holes on the rim of the
flywheel, proved to be the solution.

Pioneers in Electronic
Sensing and Control.
Electronic Tachometers—
Dynamic Micrometers—
DC Power Supplies—
Magnetic Pickups.
Proximity Switches.

Differential Speed Detection: Needed was a
close check on the speed differential of two
sections of a textile machine—to assure the
proper stretch to the yarn. Magnetic pickups
mounted to sense a gear in each section pro-
vided a direct reading of the difference in rpm
and a percent of the speed differential.

Precise Position Control: A computer for desk
top use demanded exceptional ingenuity in
space saving simplification. A magnetic pick-
up sensing a ferrous set screw on a rotating
20-character print wheel provided a simple
logical control of its position and eliminated
the need for complex positioning apparatus.

ELECTRO

MAGNETIC PICKUPS

ELECTRO PROOUCTS LABORATORIES, INC.

6125-Y
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How do most
companies move

a lightning-fast,
long-memory;
high-capacity
computer’

They choose an on-time, precision-planning,
big-capacity van line.

Allied Van Lines safely moves more
computers (with long memories) than any

other mover.
Call the confident Allied Agent <
in your area. 1

ALLIED VAN LINES
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At last—-an IC chip that outperforms
many discrete op amps

Z;, = 10 megohms
Igias = 10 nanoamps
loFrseT = 2 hanoamps
VOFFSET = 2 millivolts

OTHER LINEAR IC’s AVAILABLE . ..

Standard 1709, 1710 and 1711 series, plus a sense
amplifier series and a high sink current dual output
1711, fully compatible with HLTTL drive requirements.

*TOA7809 available with Z:, guaranteed as high as 50 megohms.

oytayT AOUBNCY
COWRaLA O

You know the 709-type amplifier. Dependable. Versatile. A regular
chip-of-all-trades.

You also know its limitations.

Even while designing it into a circuit, you have probably found
yourself thinking, a bit wistfully, of the input characteristics pro-
vided by a few of the more expensive discrete op amps on the
market.

Now, you can get premium “discrete” performance in a 709-
type chip, at a 709-type price. Here . . . today . . . on our shelves is
the TOA7709 — eminently suited to direct, plug-in replacement
of standard 709-type units — but with unprecedented input char-
acteristics which can greatly simplify new-circuit design. A
Darlington-connected input provides an impedance of 10 meg-
ohms, and offset and bias currents of 2 and 10 nanoamps respec-
tively.

A commercial version, the TOA8709, provides a 3-megohm im-
pedance, with offset and bias currents of 6 and 30 nanoamps —
still a whale of a lot better than any other IC op amp around. Either
unit is available in the 8-pin TO-5, 10-lead flat pack or 14-lead dual
in-line package.

Trangitron

electronic/corporation
168 Albion Street, Wakefield, Massachusetts 01881
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Packaging Sales, The Dow Chemical Company, Midland, Michigan 48640.

Try this on your fragile parts.

Pelaspan-Pac® loose fill packing. It weighs 3 to 6 times less

than most other dunnage. It won't absorb water. It cuts ship-
ping losses. Because it's highly shock-resistant, and It inter-
locks to prevent settling. It cuts cleanup, too. Because It's

clean, nondusting and noncorrosive. Write for details.

<>
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Throw away your insulation handbook.
All you need is Nomex:

Nomex* nylon paper is the one in-
sulation you can use for just about
every application. It won't melt or sup-
port combustion—it's UL-rated at
220°C. and it complies with MIL-|-
24204. Durable “Nomex” paper won't
crack when creased or bent and does
not flake. It can be easily slit or
punched for close tolerance and can
be used in automated operations.
*Du Pont registered trademark.

Circle 170 on reader service card

“Nomex" is compatible with all major
resins, varnishes and enamels. It is
relatively unaffected by moisture, and
there are nosheltf-life problems.

“Nomex" is available in a wide va-
riety of fabricated forms designed to
fit any application. So look to one ma-
terial —“Nomex"—for all your insula-
tion needs.

To get more information, write:

Du Pont Company, Nomex Marketing,
Room J-10,Wilmington, Delaware
19898. In Canada, write Du Pont of
Canada Ltd. In Europe, Du Pont de
Nemours Int., S.A., 81, Route de I'Aire,
Geneva, Switzerland.

NOMEX'

NYLON
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NEED A
SOLENOID
WITH REAL
MUSCLE

.o« OR ONE WITH
VERY LITTLE
PULL?

| Guardian solenoids come in all shapes and sizes (Guardian had the most
complete line even before we added eleven new tubular solenoids) and
meet just about every electro-mechanical requirement. Need a pull of 50
pounds or just a fraction of an ounce? We’ve got them. ACor DC . .. we've
got them. Intermittent or continuous duty . . . we've got them. Pull or push
.. . we've got them. Write for bulletin G2-TS.

BIG STRONG BRAWNY ONES ... LITTLE BITTY ONES ... GUARDIAN'S GOT 'EM ALL

GUARDIAN (& ] ELECTRIC

GUARDIAN ELECTRIC MANUFACTURING CO. 1550 W. Carroll Ave., Chicago, lll. 60607
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When your IC bugs out, chances are the heat’s on!

172

Devices packaged in Dow Corning® silicone mold-
ing compound are physically and electrically stable
—even after long term exposure to both high heat
and humidity. Derating, a practice common with
organic packaging, is not necessary. In fact, you
can design for high device and component density
by using silicone molding compound. One manu-
facturer of glass package power diodes reduced
the part to 1/30th of its former volume. Sizes from
1/5th to 1/3rd smaller can be obtained by using
silicone molding compound in place of other
plastics.

Little moisture absorption. Silicone molding
compounds when exposed for 1000 hours to 93%
RH at 70 C showed an average weight increase of
0.32% with the greatest increase being 0.5% and
the least being 0.17%. Five organic plastics had
average weight increases ranging from 1.0 to 2.1%
—an average of nearly five times greater than sili-
cone molding compounds under the same test
conditions.

No cracking. Unlike other thermal setting plastics,
Dow Corning silicone molding compounds are
virtually unaffected by thermal shock. For example,
a power resistor molded in Dow Corning® 307
compound was cycled repeatedly from —65 to
350 C without damaging the packaging material
or the component.

Will not burn. Silicone molding compounds are
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inherently nonburning. Thus, components and de-
vices packaged in silicone molding compound do
not constitute a fire hazard. No flame snuffers are
used—a source of ionic contamination for devices
packaged in organic materials.

Corrosion free. These silicone molding com-
pounds are free of ionic contaminants which may
contribute to metallic corrosion when operating
in high humidity and influenced by voltage bias.

Competitive price. Costing only a fraction of a
cent per device, Dow Corning silicone molding
compounds enjoy a substantial price advantage
over metal cans ... glass packages.

Manufacturing economies. Transfer molding
enab