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Trounce trimmer troubles

with Dale Industrial and Commercial T-Pots

RCA’s widely-used Spectra 70 computer is a
good example of Dale Trimmers' year-in, year-
out dependability. The models shown here are
from Dale’s 2100 wirewound series...sealed to
meet tough RCA immersion requirements.
Used in a number of Spectra 70 control and
voltage reference applications, they're part of
Dale’s workhorse line of industrial and com-
mercial trimmers. Nothing fancy...but you get
what you need, when you need it—and you
can use all you receive. Dale trimmers have a
record of less than 1% customer rejection for
all causes. Join the growing number of trim-
mer users who've found there’s less trouble
when you specify Dale.

DALE ELECTRONICS, INC.

1300 28th Ave., Columbus, Nebr. 68601

In Canada: Dale Electronics Canada, Ltd.
A subsidiary of The Lionel Corporation

COMMERCIAL GRADE ECONO-TRIM T-POTS
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WIREWOUND ELEMENT

2300 Series: Sealed/Unsealed; 102 to 50KQ, *=10%; 0.5 watt at
25° C, derated to 0 at 105° C; .36 H x .28 W x 1.00 L.

2400 Series: Sealed/Unsealed; 102 to 50K, =10%; 1 watt at
40° C, derated to 0 at 125° C; .31 Hx .16 W x .75 L.

FILM ELEMENT

8300 Series: Sealed/Unsealed; 102 to 2 Meg., =10% 100 thru
500K, *==20% all other values; .75 watt at 25° C derated to 0
at 105° C; .36 H x .28 W x 1.00 L.

8400 Series: Sealed/Unsealed; 102 to 2 Meg., =10% 100 thru
500K, *=20% all other values; .75 watt at 25° C, derated to 0
at125° C; 31 Hx .16 Wx .75 L.

INDUSTRIAL GRADE T-POTS
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WIREWOUND ELEMENT
100, 200, 300 Series: 102 to 100K
100 Series: =5%; 0.8 watt at 70° C, derated to 0 at 135° C
200 Series: =10%; 0.5 watt at 70° C, derated to 0 at 105° C
300 Series: =15%; .25 watt at 70° C, derated to 0 at 85° C
Dimensions: .22 H x .31 W x 1.25 L (also 1.32 L for 100, 200).
1100 Series: 1092 to 100K, ==10%; 1 watt at 70° C, derated to
0at175°C; .28 Hx .31 Wx 1.25 L.
2100 Series: Industrial counterpart RT-11; 102 to 100K, *=10%;
1 watt at 70° C, derated to 0 at 125° C; .28 H x .31 W x 1.25 L.
2200 Series: Industrial counterpart RT-10; 102 to 100K, *=10%,
1 watt at 70° C, derated to 0 at 125° C; .18 H x .32 W x 1.00 L.
FILM ELEMENT
8100 Series: Industrial counterpart RJ-11; 102 to 2 Meg.,
+10% 1009 to 500K, =20% other values; .75 watt at 70° C,
derated to O at 125° C; .28 H x .31 W x 1.25 L.



Need a fast
wideband op amp?

BURR~-BROWN BURR-BROWN

BURR-BROWN
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Your 10 best buys are at Burr-Brown

This wideband bunch from Burr-Brown is the industry’s MODEL KEY FEATURES/PRICE APPLICATIONS
most comprehensive line of high speed operational am- Industry’s fastest differential .

o 3 op amp. 100 MHz bandwidth. Video and
plifiers. From 10 fast settling models, you can select the 3400A 1000 V/usec slew rate. pulse amplification.
one that best meets the exact requirements for your spe- e e 19) 425,00
cific application. The four illustrated models are repre- Thalmdustrys omyttgaSt

i igh- settling op amp wi

§entat|ve 9f the perf.ormance range of the high-speed e ay o A/D. DIk Shnenitees . ..
line. All units are available from stock. 3401A * noninverting buffer. Gain and multiplexers.

accuracy better than .01%.
1 usec settling to .01%. FET
input. Price (1-9) $42.00

WD st 1T sETTNG
BB OPERATIONAL AMPLIFIGRS

For complete technical information
on all 10 of our fast response, wide-

Ideal for high-speed

Fast settling, 1 usec to .01%. precision D/A converters

3402A Differential FET input. Low

Cost, (1-9) $37.00 with monolithic
band op amps, contact your Burr- um s quad switches.
Brown Engineering Representative o Slew rate of 1ooo V/usec

. g : .g ‘ P fat . . g " 3341/15C Bandwidth, 50 M High speed
use this publication's reader service ol Output current, :100 mA. line driving
card \ Price (1-9) $69.0:

BURR-BROWN

Instrumentation Amplifiers

PESEARCH CORPORATION Active Filters
_ _ Multiplier / Dividers
International Airport Industrial Park » Tucson, Atizona 85706 A/D-D/A Converiers

TELEPHONE: 602-294-1431 « TWX: 910.952:1111 » CABLE: BBRCORP

CIRCLE NO. 2



If a thousand solid-state
low-level switches won't turn you on,
how about $80 a switch?

You may not have 1024 signals at
2.5 millivolts that you want to run at
20kHz, but you can control that many
if you want to by hooking eight of
our solid-state differential multiplexer
units together.

What's probably more important to
you is that, even if you need only 128
switch channels, it'll still cost you less
than $110 per channel, including a
12-bit A-to-D converter, power supply,
all multiplexer control circuitry, 13
levels of programmed gain and inter-
connecting cabling —all ready to
interface with your computer.

Actually, the incremental price per
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switch is only $50. The other goodies
make up the difference.

You'll also be relieved to know that
our low-level multiplexer works. Over
40 systems are operating in the field
with high reliability. User testimonials
furnished on request.

If you're interested in low cost, flex-
ibility and reliability in proven units
that are available now, you ought to
call us at (213) 679-4511, ext. 1139 or
3392.

If you're not in a hurry, write Xerox
Data Systems, Dept. B,

701 South Aviation Blvd., X\D S
El Segundo, Calif. 90245 ¥gzoaesyens

EDN December 1, 1970



FOUR FOR FREE!

RCA offers you four plastic
power transistors without charge.

Vv (sus) h I Vv
RCAType Package CER FE C CE
Vv A \"
f;.—=0.8 MHz min; P,—100 W max
2N5034 TO-3 equiv. 45 20-80 4 4
2N5035 Straight lead 45 20-80 4 4
2N5036 TO-3 equiv. 60 20-80 5 4
2N5037 Straight lead 60 20-80 5 4
f.—=0.8 MHz min; P,—=36 W max
2N5293 TO-66 equiv. 75 30-120 0.5 4
2N5294 Straightlead V& 30-120 0.5 4
2N5295 TO-66 equiv. 50 30-120 1 4
2N5296 Straightlead 50 30-120 1 4
2N5297 TO-66 equiv. 70 20-80 1.5 4
2N5298 Straight lead 70 20-80 15 4
f.—0.8 MHz min; P,=50 W max
2N5490 Straight lead 50 20-100 2 4
2N5491 TO-66 equiv. 50 20-100 2 4
2N5492 Straightlead 65 20-100 25 4
- 2N5493 TO-66 equiv. 65 20-100 25 4
2N5494 Straight lead 50 20-100 3 4
2N5495 TO-66 equiv. 50 20-100 3 4
2N5496 Straight lead 80 20-100 3.5 4
2N5497 TO-66 equiv. 80 20-100 3.5 4

Why? Because RCA has produced millions of plastic power transistors
for automotive and audio applications, production techniques are proven,
reliability is established, and prices are lower than hermetic counterparts.
We're confident that you will design RCA plastic power into your circuits —
once you've tried them!

Review the chart and select-any four. They re ideal for applications
such as voltage regulators, switching regulators, linear regulators, pulse ampli-
fiers, linear amplifiers, power switching, solenoid relays, and many others.

Next, contact your RCA Industrial Solid-State Distributor, he is your

source for the four free samples. This offer is good in the U.S.A., and
expires December 31, 1970.
RCA | Electronic Components|Harrison, N.J. 07029



There’s only one encoder that does more than just talk.Ours.
It listens.

This is a breakthrough. A first.

An encoder that does more than
just sit up there and send back what
1t was programmed to send back.

An encoder that lets you zero
in on a function when you want to,
not just when it comes arournd on
the next frame.

An encoder that you can repro-
gram from the ground, that offers
you the flexibility to change your
format in flight.

An encoder that listens.

We make it. Expandable. To
handle up to 225 channels.

Small. 75 to 175 cubic inches.

It’s lightweight.

It’s economical to run.

And the price is unheard of.
$8,000-$14,500.*

We also make the super-small
memories, and the super-little
ADC’s that make up the Data Han-
dling Systems it works best with.

In fact, if it goes up in space or
down in the ocean, we make 1t
smaller, lighter, cheaper and better
than anybody else does.

And what’s more, we’ve never
had a failure.

CIRCLE NO. 4

Our new, reprogrammable
PCM encoder.

It’s just what you wanted.

And you know it.

Burlington Road, Bedford,
Mass. 01730, Tel. (617) 275-1710.

SPACETAC

*In quantities of ten.
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Cover by photographer Bill Megna shows a peak response on AlL's new spectrum analyzer, capable of
100 dB on-screen dynamic range. See lead news story “Modern Components Produce Competitive Analyzer”,
p. 14.
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We make components

for guys who cant
stand failures.

No one likes to be left in the
dark. Especially by some “sophisti-
cated” complex of control equip-
ment that failed.

That’s why we make our resistors
and capacitors for guys who can’t
stand failures. Guys like your most
important customers, guys like you.

We build an extra measure of
reliability into all our components to
help you build extra reliability
into all your systems.

To be specific, we make tin
oxide resistors—now including both
miniature RLR0O5’s and flame
proofs—and glass and Glass-K™
capacitors. They’re the best you can
get, though they’ll cost you no more.

Take our tin oxide resistors—
no other resistors can deliver the
same stability and reliability over
life. They offer guaranteed moisture
resistance across all ohmic values,
for reliability that can’t be matched
by metal film, wirewounds, carbon
comps or metal glaze resistors.

This kind of extra performance
comes in miniature size, too. Our
new RLRO5 (commercial style C3),
developed for dense packaging
applications, competes costwise
with carbon comps.

And we lead the field with flame

proof resistors. Ours will withstand
overloads in excess of 100 times
rated power without any trace of
flame. And because they open rather
than short under severe overload,
they provide protection for the rest
of the system—a vital consideration
in critical and expensive EDP, tele-
communications, and instrumen-
tation gear.

Or take our glass capacitors.
The Air Force has confirmed they
have much better stability and much
higher insulation resistance than
the ceramic, mica, and other capac-
itor types tested. That’s why our
glass capacitors have been designed
into so many major aerospace and
missile projects. And why industry
has designed them into the most
important EDP and instrument
applications.

Or our Glass-K™ capacitors—
we developed them to give you the
volumetric efficiency and economy
of monolithic ceramic capacitors,
but with the much improved stabil-
ity and reliability that only a glass
dielectric can add. Our Glass-K™
capacitors are now being used in
pacemaker heart units and in several
major EDP systems. And these
Glass-K™ capacitors can now be used

CIRCLE NO. 5

in BX characteristic applications.

As you might expect, both our
resistors and capacitors meet Estab-
lished and High Reliability stand-
ards, such as MIL-R-39017, MIL-R-
55182, and Minuteman.

At Corning we make compo-
nents for guys who can’t stand
failures. Guys like your most im-
portant customers. Guys like you.

And even though you might
expect to pay a lot more for these
features, you don’t. Because as the
largest manufacturer of these type
components, our production volume
affords us economies that enable us
to be competitive in price.

So the next time you’re design-
ing a system, design-in an extra
measure of performance. Reach for
your CORNING? resistor and
capacitor catalogs or look us up in
EEM. Or for in-depth technical
information write us at: Corning Glass
Works, Electronic Products Division,
Corning, New York 14830.

Then call your local CORNING
authorized distributor for fast off-
the-shelf delivery. He not only
stocks components for guys who
are demanding, but he offers service

to match, too. CORN I NG

ELECTRONICS
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Editorial

You CAN Do Something About It

1970 has been a rotten year for the elec-
tronics community. Unemployment has
reached alarming proportions; profits have
nosedived; salaries have been frozen and
cut; work weeks and work days have been
shortened; sales are sick.

At best, the future if “iffy.” There is ab-
solutely no promise of large government
programs that might pick up the slack, and
virtually no way that American industry
can recapture the domestic consumer
market.

So where can we go and what can we do?

One answer—maybe the answer—is to
reorient our attitudes about world markets.
Those companies that are holding their
own or growing are doing so largely as the
result of increased overseas business. It
can be done.

But it cannot be done by remote control.
Firsthand knowledge and experience is
absolutely essential for effective action,
no matter what or where the market is. And
the time to acquire that knowledge and ex-

perience is at hand.

The Paris Components Show (Salon
International des Composants Electron-
iques) will follow hard on the heels of the
IEEE convention. EDN is arranging a tour
that will take in the Paris exhibition and, in
addition, will visit several major European
electronics firms. Further, we're planning
a seminar with British engineers on the
problems of converting to metric.

Included in the price of the tour will be
all transportation and accommodations,
plus plant tours, the seminar and other
fringes too numerous to mention. Two
concurrent programs are being organized
—one oriented to engineering, the other to
marketing. So if the idea makes sense to
you, maybe your marketing people will be
interested too.

If you want full particulars, simply clip,
complete and mail the coupon below. It
could be the best thing you ever did for
your company, your profession and your

career.

Editor

MAIL THIS REQUEST FOR INFORMATION TODAY
RESERVATION DEADLINE JAN. 25, 1971  (303) 388-4511
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A brief word about

Connectors for
point-to-point

No one connector supplier
offers the variety of printed
circuit types and configura-
tions that AMP does. This fact
translates in benefits to you of
1) greater design freedom, 2)
selection of your own degree
of reliability, and 3) a total ter-
mination capability that can fit
the largest or smallest of your
production needs. These bene-
fits are what we call AMP
Economation.

All three types of wiring
techniques

We offer a choice of wiring
techniques for crimp snap-in,
point-to-point, and solder ter-
mination.

PC. connector

Crimp — AMP pioneered the
crimp snap-in contact featuring
the advantage of selective ran-
dom wiring and partially filled
housings. We still have the
broadest selection for this type
of application.

Point-to-Point — Our connec-
tors for point-to-point wiring
include both the A-MP TERMI-
POINT* clip-type and the wrap-
type with .025 square posts.
AMP terminating tooling in-
cludes manual, semi-auto-
matic, and completely automa-
tic X-Y wiring machines.

Solder—Most of our mother/
daughter connector types and
many of our board-to-wire con-
nectors are available in solder
tab or eyelet styles.

Biggest variety of contact
types and plating

Because of your need to suit a
variety of design parameters,
AMP offers bifurcated con-
tacts, leaf type, cantilever and

Random wiring with
crimp snap-in contacts




the world’s broadest

line..AMP

fork type. These contacts are
available in a variety of plat-
ings to accommodate different
degrees of reliability and
economy.

Center line spacing and
positions

Our commercial printed circuit
connectors cover grid and
staggered center-to-center
spacings of .050 to .156 and
positions variations—from 3 to
50 dual. The sheer variety of
our P.C. connector types cov-
ers practically all your require-
ments. Our engineering staff
will work with you on custom
designs. -

Variety of housing materials
Our plastic technology gives

materials in thermosetting and
thermoplastic materials.

Flexible Flat Cable

AMP has the most reliable and
quickest method for mechani-
cally attaching contacts to flat
cable — automatically by ma-
chine. And A-MP contacts can
even be applied in the middle
of the cable, or anywhere in
between. Housings are avail-
able for cable-to-board or
cable-to-cable applications.
Round wire can also be used in
combination with flat cable.

Substrate Connectors

AMP has a variety of designs
for connecting various styles of
substrates including zero-force
and high density connectors
for MSI and LSI circuitry. Talk
to us about your requirements.

We'd like to enlarge upon this
brief description of our P.C.
line in person,orin printed form
in our new printed circuit con-
nector catalog. For more words
and some fast action write:
AMP Incorporated, Industrial
Division, Harrisburg, Pa. 17105

AMP

you a broad choice of housing

INCORPORATED

CIRCLE NO. 7

Mother/Daughter
applications

Zero-force
entry and
withdrawal
connectors

Flexible
flat cable connectors

*Trademark of AMP Incorporated



If you need 500 ns
get us this coupon the fastest

You’ll get the facts on our new 500ns
memories and stacks. Memories and stacks
that you can get two months faster than
anybody else’s.

Ours will likely beat anybody else’s
price per bit, too. On any size order.

Here’s the new line: The CC-50 stack
and the CC-50 memory. The CEX-50 stack
and the CEX-50 memory.

Between them they’ll meet about any
need you have for 500ns cycle times.

If it’s a million bits or less you need,
you’re best off with our CC-50. It’s 3-wire,
3D. With 4K, 8K or 16K words.

Over a million. bits puts you in our
CEX-50class. It comesin 3-wire, 2% D organ-
ization. Words: 16K, 32K or 64K.

..And, stack or system—CC-50 or CEX-



way you can.

50—you’ll get the only modular 500ns de-
sign anywhere.

There’s something else unique about
this new line. Something brand new. We
don’t have space enough to explain it here,
but our spec sheets will give it all to you 1n
glorious detail.

Quick, the coupon.

LOCKHEED ELECTRONICS Data Products Division/Los Angeles (213) 722-6810

memories or stacks fast,

E.D.N. 12/1/70

[0 ’'m drooling.
Get me CC-50 and CEX-50 data 1mmed1ately.

[[] Take your time.
I only need CC-50 and CEX-50data for my archives.

Name .

Position .

Company.
Street

City State Zip

-
Lockheed Electronics Company
Data Products Division 6201 East Randolph Street, Los Angeles, California 90022
CIRCLE NO. 8




Modern Components
Produce Competitive Analyzer

FARMINGDALE, N.Y.—A new spec-
trum analyzer, covering the 10-MHz
to 12-GHz range (to 40 GHz with ex-
ternal mixer) demonstrates how de-
signers can use the latest components
to generate competitive new products
despite the economic squeeze. The
analyzer boasts as much as 100 dB
on screen dynamic range. This com-
pares to values 60 to 70 dB in previ-
ous instruments in this frequency
range.

One can see very small signals next
to large ones. The first CRT close-up
photo (on opposite page) shows the
instrument looking at a —60 dBm,
approximately 2 GHz signal nesting
within 35 kHz of a large 0-dBm sig-

nal. Previous analyzers would not be
able to show this, says AIL, because
the noise level (seen as “grass” along
the bottom) would be up as much as
20 dB, masking any signals farther
down than 40 dB from the large sig-
nal.

The second cathode ray tube photo
shows the instrument sweeping over
its 2-12-GHz upper band and looking
at the spectral purity of a widely-
used laboratory oscillator. It can be
seen that when the oscillator is tuned
to 2.7 GHz, its third harmonic (at 8.1
GHz) is quite high, only 30 dBm be-
low the fundamental. Previous ana-
lyzers would not be able to show this,
says AIL, because the 0 dBm input

would overpower the analyzer’s deli-
cate front end, causing it to generate
so many internal spurious harmonics
that the test information would be
hidden.

The sketched-in bars alongside the
CRT displays show the relative dy-
namic range of this analyzer against
previous analyzers.

The wide dynamic range comes
from the analyzer’s “rugged” front
end. It will accept and process signals
up to 0 dBm without generating
spurious harmonics. Thus, with the
same sensitivity for low-level signals
as previous analyzers—110 dBm
—the Model 707 has 100 dB of use-
able dynamic range (allowing 20 dB
for noise).

The dynamic range decreases to 80
dB at the upper end of the 2-12-GHz
frequency band (see second CRT close-
up photo) for wide band sweeps be-
cause of the losses when harmonics of
the 2-4-GHz VCO are employed. How-
ever, the 100 dB dynamic range can
be recovered for narrow sweeping by
narrowing the IF bandwidth.

The block diagram hints at how the
AIL design handles high-level sig-
nals without generating spurious re-
sponses. The signal is made to pass
through a YIG preselector filter be-
fore it reaches the critical mixers and
amplifiers of the 200 MHz IF. The
YIG preselector filter tracks the tran-
sistor VCO and only opens up a nar-
row window in the immediate vicinity
of the frequency being swept. This
shuts out broadband signals that
might otherwise overload the mixers
and IF amplifiers.

For the wuninitiated, YIGs are
spheres of material (yttrium-iron-
garnet) used in the GHz region that
undergo a shift in resonant frequency
when a magnetic field is applied. The



magnetic field is applied by a coil
around the YIG. For sweep tuning, as
in analyzers, a current ramp is fed
the coil.

As the same current ramp drives
the transistor VCO and the YIG filter,
the two are automatically synchro-
nized. Because of the inherent high
linearity of the YIG and the VCO, the
two track closely. AIL will not dis-
close the nature of the tuning ele-
ment in the VCO, but typically varac-
tors or YIGs are used in this GHz fre-
quency range.

As the block diagram shows, the
2-12-GHz band goes directly into the
YIG while the lower 10-MHz-2-GHz
band is switched to a “pre-mixer”.
This “pre-mixer” isdriven by the local
oscillator and up converts the lower

NOISE

band into the 2-4-GHz range of the
YIG preselector, allowing the YIG to
be used on the low range also. A bo-
nus derived from the YIG linearity
is that AIL can digitize the ramp mid-
point and display this as the center
frequency on the front panel. It is
accurate to within 0.2%. This read-
out uses seven segment LEDs.

A second reason why AIL is able to
provide spurious-free operation for
inputs as large as 0 dBm is that the
mixers and IF transistors for the 200
MHz IF are selected very carefully.
AIL specs were: “free of intermodula-
tion distortion in excess of 100 dB.”

Ironically, the tight distortion spec
on mixers forced AIL to use its own
analyzer to inspect mixer candidates.
They found that most mixer suppliers

MAX
POWER
WITHOUT
ATTEN.

-80 dBm

STATE-
OF-ART
SENSITIVITY

could not easily test mixers for the
100 dB spec because their spectrum
analyzers were limited to dynamic
ranges of about 60 dB. Therefore, the
suppliers would send mixers to AIL
to be checked on one of the 707 proto-
type breadboards. In a few cases, AIL
and the supplier were pleasantly sur-
prised to find that the supplier’s
mixer was significantly better than
the 60 dB specified on his data sheet.

Another advantage of the preselec-
tor is that it prevents the 10 dBm
power of the VCO from reradiating
out the front end. Only nanowatts of
power leak out and there is no danger
of burning out detector diodes.

AIL’s James Philbin predicts that
the new analyzer will encourage im-
proved mixer specifications.

1=~ FUNDAMENTAL 2.7 GHz

~ 0 dBm

3rd HARMONIC 8.1 GHz
~~30 dBm

2nd HARMONIC
5.4 GHz

1
i

4th HARMONIC
7710.8 GHz

L.O. USES HARMONICS
OF Y16 OSCILLATOR
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with this quiet family.

Hot Molding with Allen-Bradley's exclusive
technique, gives these composition variable
resistors an unusually low noise level. And
importantly, this low noise level actually de-
creases in use. Under tremendous heat and
pressure the resistance track is molded into
place. A solid element with a large cross-sec-
tion is produced.

This important Allen-Bradley difference
means better short-time overload capacity
and a long operating life. Control is smooth,
resolution almost infinite. These variable re-
sistors are ideal for high frequency circuits.
Why should you trust the performance of

your designs or your reputation to anything
less than Allen-Bradley quality? Use the most
thoroughly “field tested” (over 20 years) vari-
able resistors available today. Quantity stocks
of popular types J, G, W and GD available for
immediate delivery from your appointed A-B
industrial electronics distributor.

For information write: Marketing Department,
Electronics Division, Allen-Bradley Co., 1201
South Second Street, Milwaukee, Wisconsin
53204. Export office: 1293 Broad Street,
Bloomfield, N. J. 07003, U.S.A. In Canada:
Allen-Bradley, Canada Ltd., 135 Dundas
Street, Galt, Ontario.

SPECIFICATIONS

TYPE J— TYPE G—

STYLE RV4 TYPE K STYLE RV6 TYPE L TYPE W TYPE GD
CASE 5/8" deep x 5/8" deep x 15/32" deep x 15/32" deep x 15/32" deep x | 35/64" deep x
DIMEN- 1-5/32" dia. 1-5/32" dia. 1/2" dia. 1/2" dia. 1/2" dia. 1/2" dia.
SIONS (single section) | (single section)
POWER
at + 70°C 225 W 3w 05 W 0.8 W 0.5 W 0.5 W
TEMPERA-
TURE —55°C to —55°C to —55°C to —55°C to —56°C to —55°C to
RANGE +120°C +150°C +120°C +150°C +120°C +120°C
RESIST-
ANCE
RANGE 50 ohms to 50 ohms to 100 ohms to 100 ohms to 100 ohms to 100 ohms to
(Tolerances: |5.0 megs 5.0 megs 5.0 megs 5.0 megs 5.0 megs 5.0 megs
+10and 20%)
TAPERS Linear (U), Modified Linear (S), Clockwise Modified Log (A), Counter-Clockwise Modified Log (B),

Clockwise Exact Log (DB). (Special tapers available from factory)

FEATURES |[Single, dual, Single, dual, Miniature size. | Miniature size. | Commercial DUAL section
(Many and triple and triple Immersion- Immersion- version of version of
electrical versions versions proof. SPST proof. type G. type G.
and available. Long | available. Long | switch can be Immersion- Ideal for
mechanical [rotational life. rotational life. attached. proof. attenuator
options Ideal for applications.
available attenuator Immersion-
from applications. proof.
factory) Snap switches

can be

attached to

single and dual.

ALLEN-BRADLEY

EC70-6 © Allen-Bradley Company 1970
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Design News

Surface Charge Transistor Chip Stores Million Bits/In?

Researchers at GE’s Schenectady R&D Center
have developed a semiconductor circuit element
that can store information at densities of a mil-
lion bits/in?. Called “surface charge transistor”,
its high speed and small size promise major in-
creases in semiconductor memory storage capac-
ity. Integrated circuit arrays of surface charge
transistors are expected to find initial applica-
tion in computer memories and readouts, tele-
vision cameras and analog signal devices. Shift
registers with high speeds are among the easiest
to fabricate with surface charge transistors, since
the receiver electrode of one unit serves as the
source electrode for the next one.

Laser Guides
Earth-Working

Reduction of surveying time and manpower and
increased accuracy for trenching, grading and
paving are among the benefits claimed for the
new Siemens Corp. automatic, laser-directed
control system.

It uses a photoelectric receiver tuned to the
17.7 kHz frequency modulation of the laser that
serves as a reference plane. The laser’s output
is a fan-shaped beam with a power output of 1
mW and a range up to 1/2 mile. Position of the
reference plane is detected by vertical and hor-
izontal columns of photocells on the receiver, as
accurately as 0.1 in. Set-up time for the laser is
3 to 5 min.

Five-Year Effort
Pays Off

As MIL-C-81511 becomes America’s first tri-service coordi-
nated specification for connectors, Amphenol Connector Div.
of Bunker-Ramo Corp. is in a hard-earned position to take
advantage of it. The spec has also been recommended as the
connector standard for all NATO countries’ military elec-
tronic equipment.

Amphenol’s enviable position dates from 1966, when the
Naval Air Development Center recommended to a tri-service
conference that the company’s Astro/348 connector design
(photo) be adopted as the military services’ standard. With
its further product development based on this reassuring
recommendation, Amphenol has announced a major expan-
sion of the Astro/348 line, to include 20, 22 and 24 shell
sizes, in 12 new circular connector insert configurations.
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Design Briefs

20% More Efficient

Big step toward practical high-power
transmitter satellites is General Elec-
tric’s newly-developed electrostatic
depressed collector that jumps effi-
ciency of klystron broadcast tubes
more than 20%. As a result, the tube’s
heat rejection system and the satel-
lite’s solar cells can be drastically re-
duced in size. GE spokesmen say
“The savings in satellite launch costs
alone could be noteworthy.”

New Problems—
Old Solutions

low-cost relief of

For immediate,
small-aircraft collision problems,
Emerson and Cuming, Canton, Mass.,
make the “Ecco” Reflector® It’'s a
spherical Lunenberg lens that aug-
ments radar return from a small air-
craft by focusing a plane wave enter-
ing on one side to a point on the op-
posite side. A metallic coating over
the surface on the focus side reflects
the original plane wave toward its
source, thus producing the most effi-

cient and broadest reflection viewing
angle available among all types of
microwave reflectors. Typically this
12-inch diam “Ecco” Reflector® pro-
duces a steady radar cross-section of
over 5 inch? at S-band over a conical
viewing angle of 140°, while a typical
small aircraft presents the same
cross-section in its most favorable as-
pect over a viewing angle of only 0.5°
The 12-inch “Ecco” Reflector® repre-
sents an apparent radar cross sec-
tion magnification of over 5.5, thus
making small aircraft readily visi-
ble among much larger commercial
flights.

Arsenic Is Better

Searching for an emitter impurity
superior to phosphorus in gold-doped

transistors, IBM engineers have
demonstrated that arsenic eliminates
base push-out effect (A) and gives
excellent control of base width (B).
Because of improved emitter injec-
tion efficiency, the resulting profile
gives higher current gain and cutoff
frequency in high-performance npn
bipolar transistors.

Soften Blow

Government is moving, albeit slowly,
to cushion the impact of 65,000-plus
engineers and scientists out of work
late this year.

U.S. Dept. of Labor has set up a
central file of engineering job oppor-

tunities and applicants in Sacra-
mento, Calif. (near the distressed
aerospace and defense industry cen-
ters), with cooperation of the NSPE.
The registry is nationwide, and un-
employed engineers can get forms
from their state employment service
or professional engineering society.

Keep an eye on Senate Bill 4241,
Senator Edward Kennedy’s “Conver-
sion Research, Education and Assis-
tance Act of 1970”. It calls for Nation-
al Science Foundation studies to show
industry how to convert from defense-
related to commercial R&D, would
provide $450 million for a 3-year
retraining program for scientists,
technicians, engineers and manage-
ment.

Meanwhile, Deutsch, Shea and
Evans’ engineer demand index show-
ed a point gain of 4.8 for August and
noted a plateau near the current 49.0
point level for the remainder of the
year.

Faster ECL

!

Propagation delay time of 1.1 ns is
claimed for gates in Hitachi’s new
ECL large-scale integrated circuits.
Key component in a new Japanese
high-speed computer, 10 IC chips are
sonically bonded face down to a multi-
layer printed substrate insulated
with sputtered glass film. They
will also be used in Nippon Telephone
Corp. information processing systems.
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Design Predictions

SILICON’S SILENT PROGRESS

Though unheralded, the progress in silicon-crystal technology
steadily continues. Dr. J. Trevor Law, president of Galamar
Industries, envisions 6-inch-diameter wafers with significant
improvements in crystal perfection and purity.

Ever since the invention of the silicon transistor in
1950, various other materials have been proposed as
potential replacements for silicon as the starting
material for device fabrication. These have ranged
from totally different materials, such as gallium arse-
nide, to modified silicon systems (for example, the
deposition of silicon on a foreign substrate such as
sapphire). Single crystal silicon technology however,
has the advantages of low cost and, currently, an
extremely well-developed technology.

There are only two reasons for any significant switch
in starting material: cost and device performance.
With the current state of technology, silicon wafers
are probably the least expensive material available to the device manufacturer.

One way of achieving lower costs has been to use larger diameter starting wafers.
Typical wafer diameter was 0.75 inch in 1960, 1.25 inch in 1963 and 2.0 inch in 1969.
This has meant that for a 10- by 15-mil chip (such as a high frequency amplifier or
switch), the potential number of devices per wafer has increased from 3000 to
20,000. Presently, several manufacturers are looking at 3-inch-diameter material
which would produce some 50,000 10- by 15-mil chips per wafer. Other advantages
derive from lower capital equipment costs, since fewer wafers of larger size need
to be processed for a given output of devices. By 1973, 3-inch-diameter material
should be the industry standard, and during the next decade 4- and 6-inch material
may be available and in use. An alternative approach to large circular wafers is the
use of rectangular slabs (for example, 2 by 6 inch) such as those currently used at
Motorola. This approach obviates the need for much retooling in a wafer fabrication
area, but is, we feel, just an interim solution.

In addition to increased size as a method of cost reduction, device manufacturers
are now insisting on better crystal quality and surface perfection to improve fabrica-
tion yields. Dislocation densities in silicon crystals which have in the past been as
high as 10,000 cm~2 are rapidly approaching zero, and more emphasis is being placed
on the elimination of trace impurities such as oxygen and carbon. Complete elimina-
tion of trace elements will call for a new generation of crystal growing equipment
which can compete on a cost basis with the existing Czochralski method, while at the
same time permitting 2- to 6-inch-diameter material to be produced.

For the next 10 years, | feel that we will continue the past trend of silicon material
usage, increasing at a rate of more than 20% per year, with wafer diameters steadily
approaching 6 inches.

Other materials, such as gallium arsenide and gallium-arsenide phosphide, will not
reduce the growth rate of silicon usage but will complement it in such areas as light-
sensing and light-emitting devices. At the same time, we are just entering a period
when the use of silicon chips as memory devices is becoming feasible. Potential size
of this business, together with the introduction of more and more silicon devices into
the automotive industry, may make even our bullish projections of silicon usage in the
next decade conservative.
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MULTIPLEXING—
TODAY'S CIRCUITS AND SYSTEMS

Designers multiplex, not because they want to, but
because they have to. With the amount of information
being transmitted today, it's just not practical to pro-
vide a separate circuit for every transmission.

HARRY HOWARD, Technical Editor

saJunjeaq ubisag

Back when life was simple, a communication channel was a pair
of wires, such as the first transcontinental telegraph line. The
principle was elementary: single messages transmitted over a single
channel one at a time. This blissful situation didn’t last long.

We’re now in an era of large-scale automation in accounting,
manufacturing, process control, transportation, education, medicine
and government. We are leap-frogging from interchange between
man and computer to interchange between computers. This ex-
pansion could not have taken place without reliable data communi-
cation. One solution is the technique of multiplexing — transmitting
more than one channel of information over a single wire.

Aircraft has become one well-known application of multiplexing.
Instrument Systems Corp. (ISC) developed the passenger enter-
tainment systems for the Boeing 747 and L-1101 aircraft. These
systems eliminate approximately 25 miles of cable and save close
to 500 pounds of weight. Both ISC and Radiation Systems Div.
are investigating the use of multiplexing in military aircraft, not
only for audio intercom functions but also to eliminate the hun-
dreds of cables now required for instruments and controls.

The AEC’s National Accelerator Lab. of Batavia, Ill. uses multi-
plexing systems developed by Dynamic System Electronics for
acquiring proton beam profile data in the booster section of their
proton accelerator, now under construction. A solid-state voice
response unit, developed by Phonplex Corp. (subsidiary of ISC),
enables computers to talk by electronically storing “phonemes”
or the smallest meaningful sound. They are reconstructed into
words on command. Another development by Phonplex is the multi-
plexing of telephone terminals to permit up to eight simultaneous

(Continued)
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Multiplexing (Cont'd)

conversations on a single dedicated wire. These in-
stances exemplify typical applications for multi-
plexing.

IC Multiplexing

Because of the recent trend toward MSI and LSI
devices, the majority of major IC manufacturers
now produce at least one type of multiplexer. These
devices fall into one of two categories—analog or
digital. By definition, “analog” units provide a direct
resistive connection between input and output, and
“digital” units are circuits in which signal trans-
mission is unidirectional. Digital devices also have
some digital logic in the input/output path, and they
may have other labels, such as data selector or code
converter.

Ten configurations of digital multiplexers are offered
by Signetics. Three are 1-bit and seven are multiple-
bit units. A 1-bit multiplexer presents the data from
a selected input. All handle 8 inputs, but provide
different output capabilities. Five multiple-bit units
are variations of a 4-bit multiplexer with totem-pole
outputs and two non-inverting channels. Two Signetics
multiplexers are analogous to a 4-pole, 3-position
switch. That is, any one of three 4-bit words can be
selected by an appropriate 2-bit code.

Propagation delay can be the critical factor that
dictates the system response. For example, in time
division multiplexing (TDM) a multiplexer may be
required to have faster switching speeds than other
circuits in the system. Recently, Fairchild Semicon-
ductor introduced an 8-channel multiplexer (9581)
with MSI complexity that has a 3 ns throughput.

Let's Not Forget Analog

[In the past, analog multiplexers were limited in
use because their control circuitry was incompatible
with digital ICs. Now, manufacturers are providing
units with DTL/TTL compatibility. With MOS tech-
nology, analog multiplexing is a natural because the
structure does not exhibit a pn junction voltage
effect.

Motorola entered the MOS IC business with their
introduction of an 8-channel multiplexer (MC1150)
and a 2-of-8 channel multiplex switch (MC1151).
Both devices are characterized by very large changes

in conductance between oN and OFF states. At 25°C,

the maximum oN resistance is 500(), while the min-
imum oOFF is 1000M().

Early this year, National Semiconductor introduced
a four-channel analog commutator, MM454/MM554,
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Ordinarily, muItipIéxers are used in conjunction
with A/D converters. Depending upon system require-
ments, a multiplexer may be high level (5 to 10V full
scale) or low level (10 mV to 1V full scale). It may be
single ended (common signal return) or differential.
It may be of the high impedance or constant-imped-
ance type.

In the constant-
impedance multi-
plexer, input signals
are connected to
resistors, the other
end of which switch-
es directly to ground
(OFF) or to the virtual
ground point of an
operational amplifier
(ON). Therefore the
input load is constant, regardless of whether or not
the input is selected. This type is useful for multi-
plexing inductive loads such as the output of “Scott-
T" transformers used in synchro-to-digital converters.
If the multiplexer draws any transient current from
the source, a large voltage will be induced. This volt-
age then has to settle down to its normal value, with
the inductive source establishing the time constant
which could be in the millisecond range. A second use
for the constant impedance, multiplexer is for scaling
inputs of different full-scale values.

In a single-level, high-impedance multiplexer, all
channels are tied to a common node that is con-

10k

CONSTANT IMPEDANCE
MULTIPLEXER
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Design Parameters for Consideration

JAMES V. DIROCCO, Analogic Corp.

nected to the high-impedance input of a buffer
amplifier. When a channel is selected, the imped-
ance of the switch connecting the source of the am-
plifier is relatively ®

low, while the imped- E;

—
—4

ances of the non- : "
selected  switches : | “a
are extremely high. &, ., !

Thus the selected < -

channel source sees  64.CHANNEL HIGH-IMPEDANCE
the input impedance ~ ONE-LEVEL MULTIPLEXER

of the amplifier plus any load effect of the nonse-
lected channels connected to the common node. In a
typical amplifier this input impedance may be on the
order of 1000 MQ with picoamp bias current. There-
fore, the amplifier presents an extremely light or
insignificant load to the source.

In a well-designed system, typical off-channel leak-
age represents a load of about 0.5 nA or less per chan-
nel —typical leakage current of a FET switch at room
temperature. Although this current is low at room
temperature, it will double with every 10°C rise in tem-
perature and must be considered when calculating
system inaccuracies. As an example, for a 64-channel
multiplexer using single level, a total of 63 times 0.5
nA or about 32 nA would be presented by the off-
channels. This leakage current must be supplied by
the source. Thus, if the source impedance is 10K},
the error voltage will be 320 uV.

If 10V full scale signals were being multiplexed
into a 12-bit converter, this error would be about
1/8 of the least significant bit (LSB) and therefore
would appear to be unimportant at room temperature.
However, if the temperature goes to 65°C, this leakage
component increases by a factor of 16, causing an
error of close to 5 mV which is not insignificant and
must be considered.

A second type of error is dynamic. This is caused by
tying many channels to a common point. Typical ca-
pacitance of an off-channel is 7 pF. For a 64-channel
unit, total capacitance will be approximately 450 pF.
Working with a 10 KQ source, the resultant time con-
stant is roughly 4.5 us. Since it takes approximately
9 time constants to settle within 0.01 percent of
final value, capacitance of this size is obviously a
serious hindrance to system throughput capabilities.

A better scheme uses two level multiplexing. In this
approach, a signal passes through two switches prior
to the connection to the buffer amplifier. A useful
configuration for a 64-channel multiplexer is an 8 by 8
two-level multiplexer array. In this approach, one
channel in each input group of 8 is turned on simul-
taneously. However, only one of the eight second-level
switches is on to allow only one input to be connected
to the buffer amplifier.

G i

| —e
GROUP 1! >—®——
s 4 —e
En o___®_:' —4
' ‘ .
| 4
! —e —> F
E —
T — =
GROUP 8} s
E ::, 64-CHANNEL HIGH-IMPEDANCE

4 TWO-LEVEL MULTIPLEXER
There are several advantages to two-level multiplex-
ing. In a 64-channel array, the selected source “‘sees”
only 14 OFF channels—seven of its own group plus
seven in second level switches. This reduces the total
leakage at room temperature to about 7 n,—more than
a factor of four less than the one-level multiplexer.

In addition, the total effective capacitance seen by
the source impedance is reduced by the same ratio.
Relating this with the previous example, the time
constant with a 10 KQ source impedance is about 1
us, allowing settling to 0.01 percent in about 9 us.
Obviously, this compares favorably with the 40 us
settling time needed in the one level, 64-channel
design.
Multiplexing System

The most common configuration used in instrumen-
tation today is the high-level, high-speed system.
A typical system may have up to 32 single-ended
input channels with expansion capability to 256 chan-
nels. Full scale ranges are usually =5V or =10V. Typ-
ical applications include scientific spectroscopic
instruments where a single channel system may be
used for monitoring the output of a photo-multiplier
tube in an infrared spectrometer. A multichannel
system may be used for measuring the triggering and
hold levels of MOS FET memory cells in an automated
test system for a production line. Obviously, there
are hundreds of applications for a multiplexer.

(Continued)
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Multiplexing (Cont'd)

capable of switching four analog input channels se-
quentially onto an output line. Commutating rate of
this device is 500 kHz. In addition, this commutator
can be used for submultiplexing, because a 4:1 clock
countdown signal is provided that can drive the clock
input of subsequent MM454/MM554 units.

Using n-channel JFETs, Siliconix offers a variety
of devices capable of switching analog signals at
frequencies up to 10 MHz. These circuits contain two
channels in one package, each channel consisting of
a driver that controls single-pole, single-throw or
double-pole, single-throw JFET switches. The driver
interfaces with DTL, TTL or RTL logic signals for
multiplexing, commutating and D/A converter appli-
cations.

Silicon-gate technology, now used by Intel and
Fairchild Semiconductor, offers lower threshold
voltage and faster switching than the conventional
aluminum-gate MOS. Because this technique is com-
patible with conventional bipolar processing, tran-
sistors and MOS switches can be combined on a
single chip for greater circuit density. Ion-implanted
MOS is being used by Hughes Aircraft Company in
an experimental multiplexer to achieve higher switch-
ing speeds.

General Instrument developed their products using
nitride-passivated insulated gate FETs, referred to
as MTNS. In 1969, they introduced a 10-channel
multiplexer (MU-62281) and this year a 16-channel
random/sequential access multiplexer designated AY-
6-4016. The AY-6-4016 is a 40-lead unit that con-
tains a programmable four-stage binary counter, a
4 by 16 decoding matrix and 16 single-pole, double-
throw switches. Maximum operating frequency is
2 MHz.

Complementary MOS or COS/MOS has been pri-
marily used by RCA in experimental multiplexers.
For example, the TA5460 is an experimental analog
switch that passes both analog and digital signals
reliably. Unlike devices using p-channel enhancement
technology, the COS/MOS multiplexer accepts peak
signal voltages approaching full supply voltage.

Unusual among the IC analog multiplexers is the
Harris Semiconductor (formerly Radiation) type HS-
1000. This device contains 16 JFET switches plus
bipolar TTL compatible decoding circuitry on a sin-
gle dielectrically isolated silicon chip. The switching
elements provide very low leakage and minimal
crosstalk over the operating temperature range of
—55 to 125°C. Also, there is a constant ON resistance,
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A low-level hybrid multiplex switch, developed by Spacetac
measures, 0.75 by 0.75 by 0.1 in and will accept up to 12
Vac pk-pk or +6 Vdc. Designated MC-37, this unit operates
from dc to 100 kHz and has >50 M input/output isola-
tion.

Four-channel analog multiplexer, offered by Zeltex, Inc., fea-
tures patent-pending short-circuit protection. When dc is
removed, each channel assumes and maintains at least 10
MQ isolation from ground and other channels regardless of
input level within specified input range.

Multiplexing equipment offered by Computer Transmission
Corporation intermixes high and low speed terminal equip-
ment. Designated MULTITRAN, these units interface di-
rectly with data sets that operate at 19.2, 40.8, 50 or 230.5
Kbps.
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regardless of the analog signal level. By means of a
mode select digital input, the device will switch
either 16 single-wire lines or 8 two-wire lines. This
device is packaged in a 28-lead flat package.

Daniel Lubarsky and Charles Botchek convey the
real potential of the MOS/LSI technology in the box be-
low. The devices discussed were developed at Larse

Corporation for data transmission in process and
supervisory control systems and they operate in all
standard communications modes including FSK, AM,
DC and EIA RS-232-B with universal input/output
interfaces. They operate in full duplex, half duplex
or simplex configurations. Party-line operation is
possible with up to 64 stations.

MOS/LSI Impact

DANIEL LUBARSKY, CHARLES BOTCHEK,
AND RON RIEGERT, Larse Corp.

Modern industrial facilities require remote alarm super-
vision, data acquisition and central control to achieve
precise operational control and to reduce costly down-
time due to undetected malfunctions. One technique,
FDM, uses one frequency in a.given spectrum (generally
between 300 and 3000 Hz to be compatible with voice
grade circuits available through normal telephone ser-
vice) to represent either a status or an alarm point or to
provide a control function. Some systems use Frequency
Shift Keying (FSK) to minimize the possibility that noise
introduced into the communication circuit can cause or
issue a false command. The FSK channel uses one fre-
quency (MARK) to generate a control function and
another (SPACE) to indicate that the channel is operating
and no control action should be performed. Obviously,
there is a practical limit to the number of tone channels
that can be used. When this limit is reached, a more
economical approach is TDM.

The TDM system operating over voice grade circuits
uses a single FSK tone channel for communication. With
this approach, the communication channel is time shared
between the digital data generated at the remote points.
This system requires two units. One unit scans data in-
puts at a constant rate, multiplexes, and generates a
serial code containing data plus check and timing bits —
Larse Corp. refers to this device as the “SEN" unit
(Scanner-ENcoder-transmitter). The other unit, called
“REDE"” (REceiver-DEcoder-demultiplexer) receives the
transmission, decodes the data word, checks the integrity
of the work and demultiplexes the data onto the output
lines.

For this system MOS/LSI is ideally suited because:

—MOS logic functions require fewer components than
bipolar technology.

— Resulting device containing 4000 MOS components
can be batch fabricated with high packing densities.

—Having one MOS/LSI| chip per subsystem reduces
interface connections nearly 98 percent over other
approaches.

—Reducing separate part count by 90 percent reduces
system size nearly 2000 times.

—MOS devices, being voltage controlled, inherently
exhibit greater noise immunity than bipolar.

—Supply voltage regulation is not critical for low-
speed MOS circuitry.

—System speed is not critical for low-speed MOS cir-
cuitry, thus allowing low development cost amortization.
These potentially significant advantages can be realized
only if production yields are reasonably high and if com-
plete system function is not jeopardized in the MOS/LSI
design.

Partitioning a System

Main objective of system partitioning is to select the
die complexity that will give optimum process and
assembly yields. Normally, this means reduced gate and
p-diffused region area thus achieving high-process
yields for low-cost systems. Also, the number of package
pins is reduced, improving assembly yield and relia-
bility.

The SEN chip, containing approximately 1500 active
devices, could have been partitioned into three 60 by
90 mil dies and a 30 by 40 mil die. These chips would
include a 16-channel multiplexer, a hold memory, a trans-
mission controller and an oscillator. This partitioning
approach would increase individual die yield to between
50 and 90%, but would increase assembly time by 250
percent and package count by four. Component count
would increase at least 10 percent, and redundant pin-
reduction-logic and interface buffers would increase
the total active area. These latter factors also increase
power consumption.

The decision to use one chip for SEN and another for
REDE was based on careful analysis of the above factors.
Other factors that weighed heavily are:

—curves for projection of future MOS/LSI yields

—simplified inventory problems

—reduced number of different test programs

—simplified assembly instruction with less chance for

errors

— fewer printed-circuit board solder joints

—reduced system size

Partitioning decisions included several calculated
risks because each chip contains an untried MOS circuit
technique. For example, the SEN chip contains an on-
chip oscillator driven directly from a crystal. Careful
device modeling was required for this circuit.

REDE chip contains resettable single shot multi-
vibrators with a carefully defined time delay range oper-
able over the full supply and temperature ranges.

(Continued)
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Multiplexing (Cont'd)

Universal System

Serious studies began more than a year ago at
the Systems Division of Radiation Inc. to develop
a Versatile Interior Multiplex System (VIMS). The
VIMS analysis was directed at the general problem of
information transfer accommodating many signals
within the broad classification of digital, analog and
video. Specific analyses of both total signal and routing
requirements were performed for several modern
systems such as bombers, fighters, space bases and
submarines. Despite environment differences, the
signal transfer problems were strikingly similar.
Table I lists typical signals found in these applica-
tions, all of which can be accommodated by the VIMS
concepts.

T T
CLASS SIGNAL llNFORMATION‘ MULTIPLEXING
BANDWIDTH METHOD
R W I
\ Scan converter | 40 MHz | Baseband or FDM
Video | Television | 10 MHz ‘ Baseband or FDM
1 Radar 5 MHz Baseband or FDM
| Sonar 20 kHz Baseband or FDM
Audio 3006000 Hz | Baseband or FOM
Analog Synchro 400 Hz Baseband or FDM
} High level DC-100 Hz | TOM
Low level DC-100 Hz | TDM
‘ Computer serial| 20k-500 bps ‘ Baseband or FDM
Digital digital |
| Control ‘ DC-20 bps | TDM
| |
Table 1—Typical signals accommodated by VIMS

Through these investigations, it became apparent
that there is no standard building-bldck answer that
is the same for two system problems. [deally, every
signal within a craft can be multiplexed directly onto
a single common bus or “party line”. Unfortunately,
this is only possible in the simplest systems.

Data Processing

By its own nature, data processing generally im-
plies that source material collects at remote points
and is brought into a central processor. In June of
1970, IBM introduced System/370 Models 155 and 165
which feature an increased number of channels or
data paths linking the memory and all system devices
to the control processor. A technique called “block
multiplexing” allows simultaneous execution of multi-
ple high-speed channel programs, thereby increasing
system throughput. As many as 11 block-multiplexer
channels can be used, each handling up to 64 con-
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current requests. In the same systems, IBM used a
byte-multiplexer channel for sharing low-speed de-
vices. The byte-multiplexer channel lets several low-
speed devices operate concurrently or in burst mode,
permitting interface with one high-speed device to
function. For a system with 524,288 bytes or more of
storage, up to 256 channels are standard.

Varian Data Machines offers the 520/DC time-mul-
tiplexing system as a communication preprocessor
for a major computer. This system samples each of
64 lines once every 59.5 us. If less than 64 lines are
in the system, blank intervals are inserted so that
the interval for return to each line remains at 59.5 us.

Multiplexing scheme developed by Spacetac, incorporates a
21 kilobit read/write memory for PCM format control. With
this scheme, PCM format is changed remotely by simply
loading a new format into memory via telemetry link. Applica-
tions include unmanned satellites, rockets, and drones where
onboard data acquisition can be controlled from ground.
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General Electric’s DigiNet concept is a set of building
blocks that can be combined to meet various communi-
cation needs. The 150 Series, for example, permits
up to 17 duplex channels to be multiplexed onto four-
wire telephone lines. Available exchange rates for
transmitting data are 110, 150 or 300 bits/s per data
channel. A companion to the 150 Series is the 160
Series. This is a private line multiplexer that provides
multichannel and multipoint data transmission use
of leased or private four-wire voice grade circuits.
Like the 150, it has up to 17 full duplex channels on a
four-wire telephone line, and the channel speeds are
up to 110, 150 and 300 bits/s.

Electromechanical Is Still Here

The simplest form of multiplexing is the sampling
switch of a mechanical commutator—a rotating
brush that makes contact with a relatively large
number of contact pins in a specific sequence. Such
switches have been constructed with up to 500 contacts
and have several synchronized poles. However, the
most general requirement is 100 channels or less,
with from two to four poles.

Electromechanical multiplexers are primarily used
for aerospace telemetry applications where lowest
cost per data point is the primary objective, and long

life and high speed are of lesser importance. Both
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Multiplexing (Cont'd)

To a certain extent, ‘“‘computer multiplexing’’ has been given
such a wide meaning that it is in danger of becoming almost
meaningless.

For this discussion, the term “‘computer multiplexing"’
will be used to cover a single computer servicing multiple
terminals located at an appreciable distance. In addition,
parameters for designing this sort of multiplexing arrange-
ment will be considered.

Each has strengths where the other has weak-
nesses. Perhaps the easier of the two is FDM. In this tech-
nique, the data channel is subdivided by frequency band-
widths (analogous to dividing the broadcast spectrum into
individual radio stations) and one bandwidth region is assign-
ed to each user or terminal. Thus, along a given data path,
it is possible to have several non-interfacing terminals com-
municating with the computer simultaneously. This is espe-
cially important for multiplexed arrangements where termi-
nals are scattered over a large geographical region.

In TDM, a period of time is established for a computer-sup-
port device to cycle through. This period of time is subdivid-
ed between the various terminals in the multiplex system.

To clarify, assume a clock with a sweep-second hand that
is conductive and whose end actually makes contact with
the clock face. Further assume that there are conductive
circular arcs, each covering just less than 5 seconds on
the clock face, and that they are insulated from each other.
If each arc is connected to a separate input source and the
second hand is connected to an output wire, each input
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Elements of
Computer Multiplexing

DONALD E. MURPHY, Digital Equipment Corporation

would be sampled for 5 seconds if the second hand runs
at normal speed. Increasing the speed will increase the
sampling rate. If one of the circular arcs carried a reference
signal (such as an endlessly repeating number), it would be
possible to keep track of all channels—in this case, the re-
maining 11 data channels. This, in essence, is TDM.
) ! b ( eF systen ts inefficienc
{ 3 overall ¢ Each
terminal is assigned a specific frequency and that band is
open whether or not information is present. In addition, to
insure proper channel isolation, there must be frequency
separation between adjacent channels. This causes com-
munication wastage, since the separating frequency bands
are ‘‘dead” with respect to transmitted information.
Unlike FDM, TDM insures that the whole communication
channel is used as a link between each terminal, permitting
maximum data transfer. In effect, this arrangement “dedi

totally

ta handlir capabilitie

1te the [ £ erving each TDM terminal

Because of this, the TDM approach is more efficient in
data transfer. In addition, TDM systems seldom use the
mechanical method that was used to introduce the concept.
As a result, it is possible to alter the widths of the individual
time slots if some of the terminals are not communicating.
Again referring to the clock face analogy; suppose the first
5-second interval is a synchronizing signal, the second an
active terminal and the third an unused terminal. If the
fourth terminal was active also in a sophisticated system,
the time divider after passing the second 5-second space
could detect that the third space was “‘empty” and switch
immediately over to the fourth and linger there for nearly
10s —thus permitting additional data to flow. In really sophis-
ticated systems, it is possible to divide up the extra time pro-
portionally among the remaining active terminals.

ne ( na-poin f this philosophy 1s to have

It works this way: Let the computer
operate in short time intervals (corresponding to the chop-
ped time intervals of the initial commutator-type TDM ar-
rangement), but have each signal identify itself. Then the
first terminal that has data is serviced for a time period
rather than a terminal arbitrarily assigned a number. Since
each terminal identifies itself, there is no question of mixing
data. This is sometimes called ‘‘asynchronous’” TDM. By
contrast, the commutator-type is called “‘synchronous” TDM.

{ [ f : This method has
several advantages, permitting a more efficient rate of data
transfer between the terminal and the computer.

Buffered terminals permit another form of TDM—‘pol-
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ling"”. In this method, each terminal stores its data for the
computer and transmits the information when the computer
queries it. This is used when a whole message or its equiva-
lent is being sent from a terminal. Perhaps a typical example
would be an airline reservation counter where each reserva-
tion terminal has to be able to send a complex routine query
for a specific passenger.

Time division multiplexing does not lend itself to terminals
along a communication line with a large geographical extent,
due to the difficulty of dropping lines to terminals from the
main communication line. With a polling scheme, this restric-
tion does not apply. This form of asynchronous TDM works
very well in such circumstances.

A question that a person interested in computers and data
communication is bound to ask is “Which is best?".

The answer is, there is no “best’” approach—that is why
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all the different techniques have been developed. The pol-
ling method, for instance, is the most efficient for trans
ferring data if there is no immediacy about receiving the
answer. For someone using a multiplexed computer to con-
trol a device or process, however, a polling system would be
virtually useless. A timeshared computer service bureau,
too, would require a computer input that would guarantee
virtually instantaneous responses.

As a result, the only way to determine the best approach
is to relate it analytically to the job to be accomplished.
The job, in effect, defines the best multiplexing scheme.

Multiplexing of computer data is a growing field. If it does
not affect your daily routine now, it is just a matter of time
before it will. You can judge the efficiency of your multi-
plexing arrangement by comparing its application with the
items that have been discussed.
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Multiplexing (Cont’d)

General Devices Inc. and Fifth Dimension Inc. provide
mechanical units. General Devices offers a 60 channel
per pole unit that is 3 in® in size, weighs <1 oz and
consumes approximately 1W. Fifth Dimension Inc.
has a two pole unit of 90 data points for low level
signal sampling, that weighs <0.1 oz per low level
channel. Both companies offer solid-state units that
are used primarily in larger missile programs, air-
craft flight testing satellites and man-rated space
programs.

Relay Scanners

Collecting analog data from numerous sources re-
quires either measuring each source manually or
switching large numbers of wired inputs to the in-
strument making the measurement. In its simplest
form, this can be achieved by rotary or push button
switches, hard-wired from input to output—a long
and tedious job where large numbers of signals are
involved. Obviously, some means of automatic switch-
ing is desirable.

Analog Digital Systems, Inc. offers two systems.
One system carries a maximum scanner capacity of
100 channels; the other goes to 1000 channels. Scan-
ning rate of these systems is up to 500 channels/s.
Recently, they introduced a 1000-channel access
switching system specifically designed for computer
interface. The basic unit provides random-access
control in BCD or binary code for selecting and routing
a specific input to one output.

Control Equipment Corp. developed a data coupler
unit around self-contained relay scanner cards. One
card contains the relay control logic and the other
holds the relays and drive circuits. Each card con-
tains 20 relays that can be connected for either one-
pole or two-pole operation. Two types of relays are
used —mercury film and reed. In the mercury film,

Hewlett-Packard multiplexer, Model 2930A, handles up to 64
analog channels and up to eight units can be used to multi-
plex 512 channels. A choice of 11 different ranges from
=10 mV to =10V is available with programmable gains, in
binary increments, from 1 to 1024.

contact resistance is stable and <50 M during
the relay’s life span. There is no contact bounce, and
dry circuit switching life extends to billions of op-
erations.

Wrap Up

Multiplexers decrease equipment weight and im-
prove reliability in aircraft. Multiplexing is an ideal
transmission method for systems requiring video,
audio and control functions. Multiplexing also plays
an important role in the field of medicine through
the use of TDM for transmitting data on a patient’s
condition and for providing necessary communication
throughout the hospital.

System and component technologists are contin-
ually searching for ways to provide designers with
improved and economical multiplexing techniques.
In turn, multiplexing techniques can and will signi-
ficantly improve and enhance our everyday living. @
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Design Features

VOLTAGE-CONTROLLED ONE-
SHOTS FROM STANDARD ICs

Few systems exist that could not use electronically-adjustable
time delays. Here is a design with a high-speed TTL example.

KENNETH C. WAINE, Honeywell, Inc.

One-shots whose delay can be electronically adjusted
over almost a 2:1 range (can be increased for slower
circuits) can be constructed from a number of standard
logic gates. The circuit used to illustrate the approach
(Fig. 1a) uses AND/OR/INVERT integrated circuits
from the HLTTL families of Fairchild (9005), Transi-
tron (4211), TI (SN5450), Motorola (946G) and others.
However, the concept should work with any dual input

AND/OR/INVERT for the first gate (IC-1 in Fig. 1a)
and any compatible inverter for the second gate.

The steps in the one-shot’s operation are, referring
to Fig. 1b for timing points:

Time 0— Normally, the signal and feedback inputs
to IC-1 are low; thus IC-1’s output is high. IC-2’s
output is low because its input is being held high by R1.

Time 1—Trigger pulse at signal input of IC-1 causes

(Continued)
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Fig. 1—Voltage-controlled one-
shot as implemented with HLT-
TL AND/OR/NOT gates (a) and
important waveforms (b). Nor-
mally, R1 to V_ holds IC-2’s
output low so IC-1's output is
high. But a positive input pulse
will flip the circuit and—be-
cause of the latch feedback —it
will stay -flipped until C1 is
charged to IC-2's threshold.
The control voltage shortens
the delay by adding another
path tq charge C1.
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One Shots (Cont'd)

IC-1’s output to go low. Voltage on C1 causes input to
IC-2 to go below ground, but diode D4 clamps it to a
safe —0.7V (safe for the gates used whose inputs can
stand as much as —1.5V). Falling input voltage causes
IC-2’s output to go high. This is fed back to other “OR”
input of IC-1 to keep one-shot latched after trigger
pulse has passed.

Time 2—C1 is being charged via R1 and control
voltage circuit. When the IC-2 side of C1 reaches
I1C-2’s threshold (1.4V), IC-2’s output switches low
again. This releases the latch-up feedback to IC-1,
and circuit starts to return to initial state.

The pulse width is controlled by varying the current
available for charging C1 from time T, to T,. This is
done by varying the voltage fed through a second re-
sistor, R2. Resistor R2 serves both to isolate the con-
trol voltage from the rest of the circuit and to supply
an additional controlled current source to charge C1.

The diode string D1-D3 clamps the positive voltage
at IC-2’s input to 2.1V. The string also helps to reduce
the reverse recovery time (time T, to time T,).

Calculating Pulse Width

Between times T, and T,, the timing capacitor C1
must be charged from —0.7V to +1.4V or a total of
2.1V. The expression for charging a capacitor can be
set equal to this and solved for time. This is shown in
Fig. 2 along with the circuit elements that apply. The

solution given applies only for the simpler case when
there is no control voltage and the unit is being used
as a fixed delay one-shot. However, it does show that
the IC’s own input resistance must usually be included.

The control voltage adds another charging current
path and its equivalent resistance and voltage must
be worked into the single Thevenin equivalents for
voltage V. and resistance R,,. (Of course, a voltage-
controlled resistance, such as a FET, could be used in
place of R2, with this being connected to a fixed volt-
age, say V,_..)

Actually, this computation will fall short of the true
delay time, for —as can be seen from the waveforms of
Fig. 1b, and the scope photos of Fig. 3 —there is an ad-
ditional delay between the time T, that the IC-2’s input
threshold has been reached and time T, where the one-
shot’s output has fallen to 1.5V. However, for fast TTL,
this error is small. The propagation delay time of IC-2
should be added to the basic formula derived in Fig. 2.

Recovery Time

Recovery time can be a problem, especially if slower
types of circuits are used, such as DTL. It is the dur-
ation from time T, when IC-2’s output falls to the 1.5V
level (removing the latching feedback to IC-1) to time
T, when the timing circuit between the two ICs has
settled back into its quiescent state.

The first part of the duration T,-T, is caused by the

CONTROL OMITTED

REPLACE WITH
V = 485V

REPLACE
WITH Req

TO IC-2

FROM 1C-1 —p—]

WAVEFORM,
INPUT TO IC-2

Fig. 2— Calculating the delay time is a matter of first
finding the equivalent (Thevenin) voltage and resis-
tance that charges the capacitor from —0.7V to
+1.4V during time T (T, to T,) and then solving the
capacitor equation for T. In the calculations shown,
the charging path through IC-2's input has been
included, but the control voltage path through R2
has been omitted.
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turn-off delay of IC-1. The remainder —and the longer
part—is determined by the time it takes the output
of IC-1 to rise from 1.5V to four diode drops, or about
2.8V. This latter part rises exponentially, as can be
seen by the waveforms, and is governed by the time
constants formed by C1 and the various resistances on
either side. These are the output impedance of IC-1,
the value of R1, the resistances of the bias diodes as
they begin to conduct, and the control resistance R2.

The recovery time of TTL gates in this application
will usually be many times faster than DTL gates.
The TTL gates typically have active pull-ups while
the DTL gates often have rather large, 2K, passive
pull-ups. However, even with fast TTL gates such as
those shown in the example, the recovery time may be
too long. If so, the designer may want to consider add-
ing active components to speed recovery by lowering
the resistance of the charge paths to C1 during times
T,to T,.

Temperature Compensation

As the temperature increases, the threshold of the
IC drops by 2AV, -AV_,, and the bias voltage decreases
by 3AV, . Although the bias and input thresholds do
not track each other, the circuit can be operated over
a wide range of temperatures, as shown on Fig. 3. If,
however, it is to operate over 100°C, it may be wise to
add a fourth diode to the string, D1-D3. This will raise
the bias voltage to 4V,

The main causes of pulse-width variations with
temperature are the changes with temperature of
IC-2’s threshold voltage and the various diode for-
ward drops. These decrease with increasing tempera-

A C-MOS
Voltage-Controlled One Shot

EDN implemented author Waine's one-shot with
complementary MOS gates. The high input impedance
of MOS permits it to work well with RC timing arrange-
ments, and it was found that a circuit as simple as the
one shown would give up to 5:1 pulse-width variations.

Author Waine agreed that all one really needs is a
two-input NOR for IC-1 and a compatible inverter for
IC-2. However, he pointed out that the recovery time
will be much longer for those logic gates that don't
have the low-output impedance of TTL with its active
bipolar pull-ups.

Waine also said that, while the clamping diodes
could be eliminated as shown, they do help stabilize
the timing. He suggested a single zener connected
with the same polarity as D4. When the signal was
positive, the reversed-biased zener would act as diode
string D1-D3. When the signal was negative, the zener

would act as D4. 12V

WOULD WORK WITHOUT R
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One Shots (Cont’'d)

ture, lowering the initial negative voltage swing at
IC-2’s input at time T, and hastening the T, -to-T,
rise to IC-2’s lower threshold. These temperature
variations can be compensated by putting a positive-
temperature-coefficient thermistor in series with R1.

Control Circuits

The simplest way to generate the control voltage is
just to tap it off a potentiometer across the supply.
This might be desirable in situations where one wanted
to have a manual control knob on a remote panel but
did not want to carry high-frequency signal lines away
from the circuit—as would be the case if a potenti-
ometer were used to vary R1.

The more elaborate method shown in Fig. 1a indi-
cates how the capabilities of the one-shot can be ex-
ploited in an all-electronic feedback loop. In this case,
the one-shot’s output pulses, after subsequent signal
manipulations, are monitored and their widths con-
verted to a feedback regulating signal for the one-shot.
Capacitor C2 is the op amp’s integrating capacitor, and

TRIGGER (IC-1 INPUT)

1C-2 OPTPUT

C3 is an additional filtering capacitor to prevent feed-
back through R2.

This arrangement was used at Honeywell to produce
controlled test-signals in a piece of IC checkout equip-
ment. The wider the negative-polarity feedback pulses
fed into the op amp, the more positive the control volt-
age. Thus, if the one-shot’s manipulated pulses started
to grow wider, the op amp would alter the control volt-
age to narrow them again, and vice versa for narrowing
pulses. O

Kenneth C. Waine is a
circuit design engineer
in Honeywell’s EDP Prod-
uct line where he has
been 5-1/2 years. He was
previously a field engi-
neer with Raytheon Co.,
ESO Div.

IC-2 OUTPUT

IC-1 OUTPUT

IC-2 INPUT

VERT 1V/em
HORIZ 100ns/cm

Fig. 4 —Actual one-shot waveforms show more ringing than
artist’s version in Fig. 1b. This can be expected with high
speed TTL.

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L62

34 Design/Functions/Digital

EDN December 1, 1970



Design Features

GLASS

ITS VITAL ROLE IN SEMICONDUCTOR PACKAGING

From the dawn of the semiconductor era, glass has played a prominent
part in device packaging. In the search for reliable yet economical
hermetic packages, glass promises to assume even greater importance.

SEYMOUR MERRIN, Innotech Corp.

et e How Far Have We Come?

As glass-sealed hermetic semiconductor package

evolved, history shows that both reliability and Unfortunately, package technology has not kept
improve as the glass approaches the active sem pace with the highly sophisticated semiconductor
conductor junction. In the limit, this trend sugge industry. Most semiconductor packages are made of
that the ultimate package is glass, bonded directly t “Kovar” or a similar metal. Leads are sealed with glass
the active chip, leaving pads for interconnection. Al- and lids are either welded or soldered on (Fig. 1).

though this seems an obvious solution to many pack-
aging problems, the semiconductor industry is still
“making do” with techniques based on old vacuum tube
technology — “Kovar” and 7052 glass. For example, it
took many years to get the price (and reliability) of the
TO-5 package to come even close to that of the semi-
conductor die packaged in it. Indeed, except for spe-
cialized or high-power devices, the packages still cost
more than the chips.

Rather than rely on old technology and standard off-
the-shelf glasses, some companies developed their own
glass technology and were extremely successful. Prime

Similarly, the DO-7 diode package consists of a glass
sleeve sweated on to glass beads which, in turn, are
sealed to dumet leads (Fig. 2).

With the advent of the integrated circuit, a new
package configuration was needed. Initially, the glass
flat pack was offered (Fig. 3), but it suited neither the
14-lead requirement nor the production convenience
of high-volume users. Eventually the dual in-line pack-
age (DIP), having 100-mil lead centers and 300 mils
between rows, became the industry standard.

1'\JH:;‘|«‘-» are l"»\] whose SLT {t‘«'\ll]n|(\‘._"\ required a 0

glass-passivated chip to achieve the necessary level of it assembled

automation, and Unitrode, who built a successful diode ) rior package

business through a unique glass prefabricate A key feature of the
GLASS KOVAR
SEAL PIN

PACKAGE

R

1 Fig. 1—Typical T0-5 hermetic package requires glass
seal between pins and package. Lids are welded or
soldered. (FAIRCHILD SEMICONDUCTOR)

EXPANDED HORIZONTAL SCALE

GLASS
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Glass (Cont’'d)

“CERDIP” is that the glass used for sealing is a solder
glass of the devitrifiable type. Having the property of
controlled crystallization, this glass will, when prop-
erly fired, become a ceramic-like material. The result
is a package that exhibits most of the strength and
dielectric properties of ceramic and a very low thermal
expansion coefficient.

With large-scale integration (LSI) on the scene and
costs becoming critical to profitability, new approaches
are necessary. Although the monolithic ceramic pack-
age can be very reliable, cost and turnaround time are
significantly limiting factors.

The direction that industry will take will be the one
that moves the hermetic seal closer to the chip and
allows for in-house, one-step “integrated” packaging,
rather than the multistep labor-laden approach that
generally prevails. This being the case, a review of the
history of glass passivation is in order.

History of Glass Passivation

Hermetic glass passivation in semiconductors differs
markedly from oxide passivation, both in detail and
purpose. Hermetic passivation is used to seal the de-
vice hermetically at the chip level and to stabilize the
surface. Oxide passivation is used primarily to mask
the device during fabrication and to protect the exposed
junctions. Oxide passivation is needed to manufacture
the semiconductor device. Hermetic glass passivation
is needed to lower device costs and improve the packag-
ing of the device.

In order to be used properly, glass must be applied
over the oxide, after removal of the oxide, or —in mesa
type devices—after etching and/or dicing. Hermetic
glass passivation is an extra step which can reduce cost
and improve yield. Interestingly, in successful applica-
tions, the presence of boron or phosphorus in the glass
did not affect its ability to passivate the device hermet-
ically.

The first commercially successful hermetic glass-
passivated device was Unitrode’s double-stud diode.
In this package (Fig. 5), a diode is bonded to two studs
(for example, silver-plated molybdenum) with a glass
sleeve shrunk onto the structure. The glass bonds di-
rectly to the junction, sealing and stabilizing the device.
Even though the glass contains approximately 30%
B,0,, it is highly effective for passivation.

IBM followed suit in its SLT (solid-logic technology)
for the series 360 computers. Remarkably, the philo-
sophy has not been copied by the rest of the industry.
[BM decided that automation was critical, but hermetic
packaging, per se, was too expensive. Consequently, it
hermetically sealed the chip with glass and thereby
allowed new metallization and packaging techniques
to be used. With this technology IBM met its cost goals.

In essence, IBM made planar, oxide-masked tran-
sistors and diodes, metallized them with aluminum,
covered the oxide and aluminum with glass and finally
etched through the glass only for external contact.
Reliability, a key factor, was equal to or better than
hermetically packaged units, even though the glass

GLASS SLEEVE
SILICON /

DUMET

CONTACT

Fig. 2—D0-7 diode package combines glass beads,
sleeve and dumet leads. (FAIRCHILD SEMICONDUCTOR)

DUMET } w

W

GLASS BEAD
(sealed to dumet)
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KOVAR LID

GLASS OR
METAL SEAL WIRE LEAD

BOND

SILICON IC

LEAD
FRAME

Fig. 3—Glass flat pack incorporates wire bonds,
Kovar lead frame and separately-attached lid.

being used contained approximately 1% Na,0 by de-
sign!

The next meaningful attempt at commercial glass
Texas

passivation was in rectifier production at

Instruments Incorporated. TI's approach, at least
initially, was ultrahigh-purity glass (a lead-alumino-
silicate) applied in valleys between mesas while the
rectifiers were still in wafer form.

With the advent of integrated circuits, mechanical
protection of the intricate aluminum interconnection
pattern became a major concern. Motorola attacked
the problem by coating the devices with a pyrolytic
film formed by the decomposition of silane and other
gases. Because of in-house familiarity with the gen-
eral process and low capital investment, pyrolitic
glasses were rapidly accepted. These glasses, however,
do not protect chips from mechanical damage or sur-
face impurities as well as fired-on glasses.

A similar technique consists of applying silicon
nitride directly on the junction or over oxide before
metallizing. This method created a major impact in
1965-1966 when Sperry-Rand announced
nitride as the new material. Many other companies
followed with announcements of new products based on
its properties.

Silicon nitride can be evaporated or pyrolytically
deposited at temperatures in excess of 575°C (the
silicon-aluminum eutectic range). It has been dif-
ficult to etch, but it very successfully blocks the

migration of impurity ions. However, it cannot be

silicon

deposited directly on silicon or used alone as an MOS
gate, because it does not block the migration of elec-
trons. Consequently, it must be, and is used over an
oxide and under the contact metallurgy. More re-
cently, RF sputtering has been tried on specialized
devices and in the laboratories with varied success.

Types and Results of
Hermetic Passivation

There are two basic types of hermetic semiconductor
passivation —over the oxide and on the junction. Each
has its own critical parameters and characteristics.
Each must be treated independently, and consider-
ation must be given to why something does or does
not hermetically passivate.

Regardless of device power rating, the electrostatic
field in the immediate vicinity of the semiconductor
junction is very high. A 5V diode, for instance, has a
field gradient of 2.5 x 10V/meter over a 2-um junction
width. From this simple calculation, it is obvious why
impurities migrate directly to the junction. Passivation
materials, therefore, (1) must be able to withstand
high voltage gradients, (2) must prevent the migration
of impurities, and (3) must be compatible with other
production processes.

Over-the-Oxide Passivation

Silicon dioxide misses the second criterion; it cannot
prevent the migration of impurities. In all surface-
state-critical and high-power devices, oxides can be
used only when ultraclean oxides are grown, and the
units are hermetically sealed. The best examples of
this requirement are the MOS devices.

IBM and others who used similar fired-over-oxide
glasses found distinct lifetime reliability benefits.
Leakage currents after 2000 hours of 125°C back-bias
stress are consistently less than initial values. How-
ever, there is initially a small (dependent on the device)
increase in leakage, with a peak around 1000 hours
(Fig. 6).

An explanation of this phenomenon that agrees with
the observed effects also tells us much about hermetic
passivations. The initial leakage increase, comparable
to that of unglassed hermetically sealed devices, is
caused by the previously existing surface impurities
migrating through the oxide to the junction. But the
junction can accumulate impurities only from a limited
area, because the glass absorbs impurities coming from
greater distances. With the device in the dynamic state,
there is a net loss of impurities from the junction with

(Continued)
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Glass (Cont’'d)

time, and a net increase in the glass where they are
harmless.

This phenomenon is based on the fact that impurities
are infinitely more soluble in glass than in the oxide.
Indeed, the right glass, properly fired on, generally will
harden the knee of a junction breakdown curve. This
occurs even with the “IBM glass” containing Na,0.
The glass fired on over the oxide prevents ion migra-
tion and is physically compatible with the device.

When glass is fired over both oxide and aluminum,
the maximum firing temperature must be lower than
that of the silicon-aluminum eutectic (578°C). Also,
the glass must have a coefficient of expansion close
to that of silicon, or it will peel. Unfortunately, no
glass absolutely meets all these criteria, so compro-
mises must be made.

IBM’s compromise was to apply a thin layer (1-2 um)
of a high-expansion (62 x 10-7) low-firing glass (563-
570°C) by sedimenting a suspension of submicron glass
particles in a centrifuge. This technique is flexible,
allows for rapid increase in production capacity at
small capital cost and obviously has been successful
and economical. It is especially attractive for automatic
IC manufacturing where it not only eliminates tweezer
scratches but also gives positive ambient protection.

At Sperry Semiconductor, two additional facts were

Second, units packaged in plastic fully met all biased
temperature, temperature-humidity and cycling re-
quirements (everything except hermeticity) that the
hermetic units met (some significantly better).

Once a stable dielectric such as glass is applied over
the aluminum, flexible packaging geometry and
automation become economic realities. With the
aluminum covered, the actual contact can be made
anywhere, and the packaging geometry can be iden-
tical for many different devices. Flip-chip or beam-lead
devices can be made more efficiently, and the choice
of contact metallurgies can be broadened. With the
flip-chip approach, automatic orientation and bonding
is relatively simple, as proven by IBM’s experience.

On-the-Junction Passivation

Passivating directly on the junction is a much dif-
ferent technology, with different advantages and com-
promises. Since there is no prior contact metallurgy,
the glass can be chosen to have a coefficient of thermal
expansion close to that of silicon, and the glazing tem-
perature can be tailored to fulfill a specific need.

If a mesa device is to be passivated, the geometry
controls the choice of glass. In order to insure that the
junction is completely coated, a relatively thick
(>0.0005-in) coating must be applied. The coefficient
of expansion must be close to that of silicon. With
planar devices, a fuller spectrum of choices is available,
with the application technique varying to suit the

gathered. First, when using the “CERDIP” packages,
yields through the sealing furnace were consistently
higher when hermetic glass passivation was used.
SOLDER GLASS
SEAL
CERAMIC LID
KOVAR SILICON IC  WIRE LEAD koA

\ BONDS

CERAMIC BASE

I
SOLDER GLASS
SEAL

Fig. 4—Fairchild’s CERDIP seals leads and lid in a sin-
gle operation, uses devitrifiable-type glass for seal.
(FAIRCHILD SEMICONDUCTOR)
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GLASS

SILICON
DIE

REFRACTORY METAL
ALLOY STUD

Fig. 5— Unitrode’s double-stud package features glass
passivation directly on the junction. Refractory-metal
alloy studs, silicon die and glass sleeve have closely
matched TCs. (UNITRODE)

specific device. The key here is removing the oxide and
replacing it with glass. Since the interconnection metal
is applied after glassing, metal processing restrictions
often determine the glass to be used.

Device characteristics attributable to hermetic, on-
the-junction passivation are sharp breakdown (ex-
cluding bulk effects), total ambient protection and
stability of the surface under normally adverse con-
ditions. Indeed, in many cases observed at Innotech,

LEAKAGE CURRENT

500 1000 150 2000 2500

TIME (hours)

parameter distribution on wafers tightened signifi-
cantly and V.,

For highly complex structures such as thyristors,
major manufacturers have come out with successful,
reliable, plastic power units by using a glassed,
hermetically-passivated die. At least three manu-
facturers have adopted the double-stud type package,
and at least two sell hermetically passivated chips.

increased 30% or more.

Future Prospects

Competition is forcing semiconductor houses to
improve packaging technology by integrating it more
closely with the device manufacturing process. Re-
liability, for semiconductors, has always implied
hermeticity. Because older hermetic sealing methods
are inherently costly, the seal must be moved close to,
if not onto, the device itself.

The successful history of fired-on hermetic glass
passivation indicates that this method of sealing the
device can give the required reliability and lower
costs. However, to be successful, the glass materials
must be tailored to the devices and the processing. =

Author Seymour Merrin is vice president of Innotech
Corp., specializing in hermetic passivation and surface-
stabilizing glasses and appropriate application technologies.
A Ph.D. from Penn State University, Dr. Merrin has been
a key figure in semiconductor packaging technology with
Sperry and IBM and has done extensive consulting with
other semiconductor houses.
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Safe from costly transient voltages

Transient voltages during assem-
bly may damage up to 30% of the
MOS transistors you use.

Not any more.

Now, TI builds MOSFETs with
monolithie, back-to-back diode pro-
tection that’s designed to block out
troublesome transients.

And, they eliminate time-con-
suming precautionary assembly
steps. That means lower produc-
tion costs, fewer wasted devices.

The 3N201, 3N202 and 3N203
dual-gate MOSFETs, with inte-

grated diode protection, have wide
application in VHF and FM RF
amplifiers, IF amplifiers,
and demodulators.

You can expect better system
performance because of these
unique TI MOSFET advantages:
10 db higher output impedance;
low feedback capacitance of 0.03
pF maximum; and a typical low
noise figure of 2.8 db.

All together, these characteris-
tics add up to the performance you
want at considerably lower cost.

mixers

Priced below comparable devices
and in a different league compared
to intricate tube 'n socket tech-
nology, these MOSFET prices are
set toyouradvantage: 3N201,$1.00;
3N202, 95¢; 3N203, 90¢ (500-999).

All three are available now from
TI stock or authorized distributors.
Ask for the new data sheet and
application reports. Write: Texas

Instruments Incor- &
porated, PO Box 5012, 0
MS 308, Dallas, Texas

75222,

TEXAS INSTRUMENTS
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Laser Scans

Documents for Remote Readout

Systems approach spurns exotic solutions and
“breakthroughs’ to produce a manufacturable document reader with a
potential for discriminating between 16 gray levels.

THOMAS J. HEALEY, McCown Labs. and MILTON C. KURTZ, Marco Scientific Instruments

Despite a decade of significant im-
provement in cost, reliability, per-
formance, efficiency and spectrum
signature, the laser today is con-
spicuous by its absence from the gen-
eral industry and consumer market.
It remains the nearly-exclusive
property of the scientific-technical-
military community. To date, there
are no standard equipment catalogs
for the design engineer who wants
to incorporate laser subsystems in
his product.

A document translator was one of
the most promising prospects turned
up in a recent survey of possible laser
applications that could serve general

business and industrial companies.
The high energy density and coherent
radiation available led to the develop-
ment of the laser document trans-
lator. This system consists of:
— Specimen handling system
— Helium-neon laser
— Spot-forming optics
—Beam deflector
—Light collection optics and sensors
—Data processing system
—Read-out device

Design philosophy, based on accept-
ed machine shop practices and toler-
eliminated “state-of-the-art
concepts” and “technological break-
throughs”. Consequently, the system

ances,

Page-transport drum holds doc-
ument to be read, moves rapidly
past optical system scanner. Use
of standard machine products

enhances
system.

manufacturability of

operates in a very simple manner.

The document to be read is placed
in a holder mounted on a carriage
whose movement is controlled by a
motorized lead screw. This carriage
holds the document in the focal plane
of spot-forming optics that converge a
collimated beam from a laser beam
expander into a 0.001-in-diam spot.
Deflected in a circular path by a ro-
tating mirror, the light reflected by
the paper is gathered by an optical
system and detected by a PIN-diode
detector that feeds video image in-
formation to the data processing
system.

A separate detector, positioned to
intercept the line scan just before it
scans the generates a
synchronizing reference pulse for the
data processing system. Pulse width
depends on the time required for the
scanned spot to sweep over the de-
tector’s surface, and can be sharpened
by an aperture plate that masks the
detector’s sensitive area.

An electronic data processing sys-
tem interfaces the scanner-reader
with the following functions: start
frame signal, start line signal, video
pulse train and end frame signal. The
serial function signals are processed
in a 16-bit parallel digital system. In
use, the scanning motor is activated,
and the single-faced mirror scans the
laser-light spot at 1800 rpm. A syn-
chronizing pulse occurs once each

document,

revolution of the mirror, immediately
(Continued)
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Document Reader (Cont’d)

before the document is scanned.
These pulses are blocked from the
data processing system until the read
mode is activated by a switch that
opens the read gate in the data proc-
essing system and starts the docu-
ment carriage. The next scan line
synchronizing pulse enters the data
processor through this open gate and
turns on the internal synchronous
clock. Clock activation is entered
as the most significant bit of the 16-
bit digital train. The next bit indi-
cates that a document is being read.
These two bits are used as control
bits. As the system clock runs, a gate
is opened in synchronization with the
clock to admit video information if
present. The video information is
entered in bit number three as a “1”
if video is present and a “0” if no video
is present at the time the gate is open-
ed. Obviously, this system is sensitive

only to light-dark information. Later
units will have a pulse height dis-
criminator and digital storage corre-
sponding to a specified gray scale for
graphics reading and storage. In addi-
tion to enabling the video gate, clock
pulses are used to switch bit number
four to indicate coordinates on the
document, alternately recording posi-
tion along the scan (y direction) and
scan number (x direction). As the first
two bits are used as control bits, the
second two bits are used as synchron-
izing bits.

As the system clock runs, the clock
pulses are counted in a 12-bit register
corresponding to reading increments
along the scan line (approximately
2000). The beginning of line scan
synchronizing pulse is used to count
the scan number five in the same reg-
ister but is identified by bit number
four. Therefore, the data would ap-

———.

pear in the register as 1st scan 1st
increment, 1st scan 2nd increment,
1st scan 3rd increment . . . 1st scan
1998th increment, 1st scan 1999th
increment, 1st scan 2000th incre-
ment. The beginning of line scan
synchronizing pulse at the beginning
of line scan number two would be
counted in the y register and would
appear as 2nd scan lst increment,
2nd scan 2nd increment . . . 2nd scan
2000th increment. The process would
be repeated for approximately 600
scans. At the end of the document car-
riage travel, a switch closure indi-
cates the end of frame sequence and
closes the gate to block further data
entry. The system is compatible for
storing the document as dots of infor-
mation in two coordinates. The infor-
mation can be processed for image
enhancement, decoding, or simply
stored for later or archival retrieval.

LASER
PAGE
SCANNER

MULTI-CHANNEL
A/D CONVERTER

MULTIPLEXER

COMPUTER RECORD OR DISPLAY

LASER

Graphic representation of document reader system illustrates
method of expanding a computer’s read-in/read-out capability.
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The image is reconstructed at a re-
mote source over hard line, data link,
modem or any other appropriate
means. The initial system was read
out for convenience on a storage
oscilloscope fed by a digital-to-analog
processor-converter. Conversion from
the 2000 point register generates a
0-1V ramp to control one axis of the
oscilloscope. A similar 0-1V ramp
controls the other axis to create a
symmetrical raster. Stored data
points are fed in synchronism with
the axis generation to Z-axis-modu-
late the scope and restore the doc-
ument. Buffer amplifiers in the D/A
converter provide image inversion
(positive to negative), mirror imag-
ing, and aspect ratio change. These
functions allow great flexibility
especially if hard copy is to be the
output.

Further developments led to the
construction of a reproducing unit
which has resolution comparable to
the input. It generates hard copy not
only on conventional silver film
emulsions, but also on a large va-
riety of other materials, possible only
because of the high power density
inherent in lasers. Documents with
up to 16 gray levels are practical.

This system is the basis for McCown
Labs. LTD-8511-1 laser document
translator. &

Thomas J. Healey, director of marketing
for McCown Labs., Tempe, Ariz., and
Milton C. Kurtz, president of Marco
Scientific Instruments, Sunnyvale, Calif.,
co-authored this article. Both men have
extensive experience in the application
of electro-optic devices in industrial and
systems applications.

LOW COST,

FLAME RETARDANT
CIRCUIT BOARDS
FROM
GTI-DYTRONICS

Combustible materials in electrical
products have become a hot subject
in design engineering circles lately
and circuit boards are one item which
has come under fire. The problem with
increased fireproofing is increased
cost. GTI's answer to combustible cir-
cuit boards is glass polyester, and at
costs which are competitive with
paper phenolic boards.

As an added benefit, you get GTI's
patented die stamped circuits which
carry temperature-resistant, thermal
setting epoxy adhesives, all at costs
less than normally found in compara-
ble etched boards...and that’s a fact!

Now, we've made some pretty big
statements about how good our circuit
boards are. Why not make us back
them up? Put Tom Hardy on the spot.
Call (219) 453-3261 or write him at
GTI Corporation, Dytronics Division,
P.O.Box 217, Leesburg, Indiana 46538.

®
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The Great Idea...by Kelvin,Varley,
Poggendorff and Porter.

Porter is the gentleman seated second
from the left. With a little help from his
friends,Hank Porter came up with a great
idea. Or really, two great ideas. The
DIGIVIDER® and the DIGIDECADE®,

The DIGIVIDER is a voltage divider
that comes in two configurations. The
Kelvin-Varley-Porter version and the
Poggendorff-Porter configuration. They
are Thumbwheel Switches that act like
ten-turn potentiometers, only better. Now
you can “click” the dial settings to what-
ever voltage you want (as an output) and
that’s exactly what you get. And you
don’t need a magnifying glass to read
the digits.

DIGIVIDER accuracies range from 0.1
to 0.025% full scale voltage ratio (0.01%
available) with resolutions to 0.0001%
and input impedances from 100 to
100,000 ohms. Trimming options are also
available.

The Poggendorff-Porter DIGIVIDER
configuration can also be used as a

resistance decade. Again, similar to a
ten-turn potentiometer, only in this case,
resistance as well as voltage settings are
directly related to dial settings.

The DIGIDECADE also comes in a dif-
ferent circuit configuration without any-
one’s name attached to it. Here, as a

resistance decade, it utilizes a weighted
code of 1-2-2-2-2-, using five resistors to
achieve nine discrete steps of resistance
from (0-9) or multiples thereof. It is a
linear progression that yields the desired
total resistonce.

DIGIDECADES have accuracies to
0.1% of setting, resistance ranges from
10 ohms to T megohm and step sizes of
1 to 100,000 ohms.

As with all DIGITRAN products, you
can count on stability and quality. You
won'’t get more than a 5 milliohm change
in contact resistance through 100,000
accurate switching operations.

So, write for our new catalog on
DIGIVIDERS and DIGIDECADES, or even
better, give us a call. That's a great idea
too

THE DIGITRAN COMPANY

A Division of Becton, Dickinson and Co.

855 South Arroyo Parkway, Pasadena, California 91105 ¢« Phone: (213) 4149-3110, TWX 910-588-3794

Pictured l. to r.:William Thompson Kelvin,1824-1907,England, Hank Porter,U.S.A., Cromwell Fleetwood Varley,1828-1883 England, Johann Christian Poggendor(f1796-1877,Germany,
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What Is European Electronics All About?
March 30 - April 8, 1971 1

........ Tour the Paris Components Show
... See European manufacturers in action
............ Attend engineering seminars

The changing face of electronics demands that you
direct your attention to world markets. You can learn
firsthand what’s going on in Europe while EDN
handles the details. For full particulars, complete and
mail the coupon today.

MAIL THIS REQUEST FOR INFORMATION TODAY
RESERVATION DEADLINE JAN. 25, 1971  (303) 388-4511

RETURN TO: Miss Yvonne Dulla, Tour Coordinator,

EDN 270 St. Paul St.,

Denver, Colorado 80206
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Cut the Size of Your
Power Supply in Halflwith Fast,High-Voltage
lTransistors from RCA.

).

Conventional 5 V, 25 A Supply New 5V, 50 A Supply

For details and application note, write: RCA, Commercial Engineering, Section 50L-1/UT14, Harrison, N.J. 07029
CIRCLE NO. 13
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CUSTOMER ENGINEERING CLINIC

Found—

Design Ideas

600 Solutions for One Problem

In the July 15 Clinic, EDN issued a
call for solutions to a test problem.
A simple circuit was needed to permit
the simultaneous testing of two zener
diodes with a dual-channel oscillo-
scope. Some unsuccessful approaches
were documented — and $50 was offer-
ed for the first workable solution,
with the winner to be decided by the
person whose company needed the
answer.

Your response was so magnificent,
and effective, that we are printing the
letter we received from Mr. Cone
along with the circuit he finally used.

Mr. Bob Koeper
EDN

270 St. Paul
Denver, Colorado 80206

Dear Bob:

As winner of the $50 award for the
best solution to the July 15 Customer
Engineering 'Clinic problem “How
to Test Two Zener Diodes Simultan-
eously”, we have chosen Mark D.
Broussard, of 1317 Melrose, Garland,
Texas, with honorable mention to
Robert Gelbman of Farmingdale,
N.Y.

Approximately 900 answers were
received, of which some 600 could be
considered “correct”,—these involved
use of a center-tapped transformer,
a dual-secondary transformer, or a
4-diode bridge.

In actual tests the center-tapped
design proved most satisfactory, and

the many individuals who suggested
(Continued)
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Final Two-Zener Test Circuit. The meter has been cal-
ibrated to show equivalent steady-state dc zener current.

NEXT ISSUE'S PROBLEM:

30-MHz Synchronous Counter Is Erratic at 20 MHz

Next issue’s Clinic tells how to make
a 30-MHz synchronous counter count
reliably at 20 MHz.
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IF YOU'RE

WELL
REGULATED

YOU DON’T
NEED US.

But experience has taught us that well-regulated
DC power for digital airborne equipment is hard to come
by. Since you may have had problems in this area, we
thought perhaps we could share our experience with you.

For example, over the years we've produced voltage
regulator modules designed to permit an increase in
rated current by adding an external higher power pass
transistor. We've provided for current limiting and fold
back for short circuit protection and for BITE. We've also
solved the problems of overload protection and
provided for remote voltage sensing to compensate for
line drop.

Add to this multiple outputs and special packaging
options and it represents a lot of capability Singer can
put at your service. But then that's what you expect from
the leader in the field, isn't it?

Write for your copy of our catalog and start down the
road to a well-regulated system. Singer-General
Precision, Inc., Kearfott Division, 1150 McBride
Avenue, Little Falls, N.J. 07424.

GENERAL RANGE

Input Voltage Range 26-220V ac or 12-28V dc
Input Frequency 50-500 Hz

Output Voltage 1 to 1000V dc

Output Power up to 500W

Ambient Operating Temperature  —54°Cto +71°C
Typical Regulation Available .05%

RFI per MIL-1-6181

Typical Transient Response less than 50 sec.

Military Specs: MIL-E-5400, MIL-E-5272, MIL-E-16400
Typical power/ wt. 28w per 1B, nominal efficiency 65%

SINGER

KEARFOTT DIVISION
CIRCLE NO. 14
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it were narrowed to a dozen semi-
finalists who had also recommended
a 100 kQ or 1 MQ resistor across the
zeners to eliminate the baseline
phase shift (generally ascribed to
diode leakage but probably caused by
capacitance).

Further testing showed that 1 M(Q
resistors connected across the steer-
ing diodes were more effective than
any value that was acceptable across
the zeners. However, nobody had sug-
gested that particular configuration,
so Mr. Broussard’s six-page answer
was chosen because it was the most
complete and detailed, and covered
every other conceivable permutation
and possibility.

Among other solutions submitted
were those requiring special scopes,
probes, plug-ins, op amps or transis-
tors.

Thanks for your kindness in run-
ning this problem, although I might
not so readily have jumped at it,
had I known there would be 900 an-
swers to read! Anyhow, it proves that
the column is popular, and I strongly
feel that other problems of this type
would be extremely interesting.

The comments in my original letter
showed that we were already close
to the correct solution. All of us have
these mental blocks from time to
time, and many individuals must be
sweating over things that someone
else, not necessarily more intelligent
or better trained, will see instantly.

Thanks again,

John H. Cone
P.S. If you doubt this, and will pay
the postage, we'll send you 40 pounds
of letters, at least half of which say,
in effect, “This is great sport, hope
they do more of it!” O

EDN will pay $50 for any problem-
solution article accepted for publication

EDN December 1, 1970
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KTI Is Alive and Well—
And Operating under Chapter 11

As the economic blight continues, young electronic firms are fighting
for survival. One such firm, Kinetic Technology, Inc., has gone bank-
rupt—but, under Chapter 11, that’s one way of becoming solvent again.

THOMAS P. RIGOLI, San Francisco Regional Editor

Back in May 1968, Hal Tenney, Gunnar Hurtig and
Rich Simoni spun out of Western Microwave, Inc.
to form their own company. Bustling with confident
enthusiasm, the maverick trio planned their venture
around the then-virgin active-filter technology.

Everything seemed right. Tenney, formerly Group
VP at Western Microwave, had the marketing savvy
and was just the man to head up the new company.
Hurtig was second to none as a designer of active fil-
ters—and Simoni’s strong background in personnel
administration was sure to keep everyone running in
the same direction. To top it all off, the three founders
enjoyed a warm personal friendship. They named their
brainchild, located in Santa Clara, Calif., “Kinetic
Technology, Incorporated”—and affectionately re-
ferred to her as KTI.

Almost two years later to the day, KTI went to court
and filed for bankruptcy—or as the lawyers put it,

“Chapter 11”.

What happened to the West Coast firm during those
two years that led them to seek out Chapter 11 of
the Bankruptcy Act? And what are their hopes for the
future? Believing that others might learn from their
experience, KTI agreed to share their plight and their
plan with EDN’s readers.

“The Best Laid Plans . . .”

When Robert Burns poeticized about man’s “best laid
plans” going astray, he probably wasn’t thinking about
electronics companies. Nevertheless, KTT’s plight is an
exemplar of the poet’s timeless adage.

On paper, the company’s growth plan looked great.
First, the newfound venture planned to develop a
standard line of active filter components. Then, some-
time later, they would move to the next level of com-
plexity by developing subsystem modules around these

(Continued)
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standard components. And, of course, their ultimate
goal would be to develop whole signal-processing sys-
tems where their standard line of active filter com-
ponents would continue to play a major role. The foun-
ders agreed that if all went according to plan, their
corporation would become financially self-sufficient
during its second year of operation.

As poet Burns would have it, KTI’s plans had gone
far astray before the enthusiastic personnel celebrated
their first company Christmas party.

Feeding on each other’s enthusiastic optimism, the
founders agreed to accept a system job before they had
developed a standard line of components. The system
job seemed too good to pass up because it was sure to
result in profitable follow-on business. After signing
the contract, KTI devoted their total effort during the
next 120 days toward developing their first system. For
the time being, their original growth plan was held in
abeyance.

Because the system was delivered on time and ac-
cording to specification, a satisfied customer gave
KTI the follow-on business that they expected —but
all was not roses. Accepting the system job prema-
turely did cause some perturbations. For one thing, the
magnitude of the job was underestimated and KTI lost
money. This was easy to swallow because the follow-
on was sure to make up for the loss. More serious, how-
ever, KTTI’s staff was built up much more quickly than
planned. And it was now impossible to continue oper-
ating on the personal money of the founders who had
already guaranteed the lease of $45,000 worth of equip-
ment. KTI now needed financial assistance.

Ironically, many investment houses ignored KTI's
financial plea because they weren’t asking for enough
money. It seemed that most investors preferred to in-
vest chunks of money that were far larger than what
KTI needed. Finally, financial relief to the tune of
$200,900 came from a New York-based investment
fund. Received in the Fall of 1968, this money went
fast, and by the Spring of 1969, more money was
needed.

Because of a law governing regulated investment
funds, KTI could not get additional capital from their
original source. From another East Coast investment
house, however, KTI secured $450,000. At this point
the investment houses were the two major stockhold-
ers. Together, they held 50% ownership in the year-
old company.

The founders soon came to realize that they had
received “sink-or-swim” investments. When the large

scissors) was very optimistic about his company’s future.
Little did he realize that KT| would experience two difficult
years followed by bankruptcy.

investors chose not to serve on KTI's board of directors,
the three founders thought that this would be to their
advantage. But as time went on, they began to wish
that they had a financial advisor on their board. And
when the struggling firm phoned the investment firms
for financial guidance, the typical response at the
other end of the line was “KTI who??”

Still feeding on each other’s optimism, KTT’s foun-
ders forged ahead without sound financial guidance.
Unfortunately, they learned too late that what they
needed was a good financial administrator—or at the
very least, a pessimist in their group.

Sequence of Setbacks

If sound financial planning had been the only thing
that the California firm needed, they probably wouldn’t
be bankrupt today. Quite a number of companies have
been formed by highly-competent engineers who
lacked the necessary business acumen. In due time,
these engineers either became smart businessmen —or
they hired some. Under ordinary circumstances, it’s
likely that KTI would have done the same thing. But
the circumstances for KTI were rather extraordinary.
Their need for sound financial planning was heavily
aggravated by a sequence of setbacks that virtually
snowballed them into Chapter 11.

Faced with developing a new product for an old
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KTI’s active-filter prowess is demonstrated by this system,
a tunable audio spectrum analyzer. Each module is a fourth-
order bandpass filter that is tunable over the audio range.
Though KTI successfully developed this system, they did so
at the expense of deviating from their original plan to de-
velop a standard line of active filter components first.

market, KTI encountered her first setback because
she depended on what turned out to be an undepend-
able company to do some critical hybrid work. After the
hybrid source accepted a small order for 100 pieces,
they didn’t inform KTI until 90 days later that they
couldn’t deliver. Falling behind schedule and with
orders that couldn’t be met, KTI quickly looked for
another source of income. This largely contributed to
their decision to accept the system job prematurely.
Because the magnitude of the job was underestimated,
the young firm was burdened with the task of rapidly
building an effective team to do the work. After com-
pleting the job at a loss, KTI was content to chalk their
first setback up to the “learning curve”.

Just after the company marked its first anniversary,
they experienced their most tragic setback. It all began
when President Tenney decided to take a much-needed
vacation. On May 17, 1969, he and his wife climbed
aboard his private plane and took off for what was to
be a two-week rest in Mexico. It wasn’t until three
months later that President Tenney returned to
work —thankful to be alive. While attempting to land
in Mexico, the Tenney couple had a close brush with
death as their plane somersaulted after overshooting
the runway. During Tenney’s three-month recupera-
tion, the already-struggling KTI became demoralized
without his leadership.

On Chapter 11, KTI's VP Gunnar Hurtig comments, “It's a
hell of a way to run a company —every Friday we have to de-
cide if we're going to open the doors on Monday.”

Late in 1969, it looked as though KTI would get a
reprieve from the DIFAR military program. After
successfully developing prototypes for the program,
KTI expanded her staff to 70 people and anxiously
awaited the follow-on business. There was good reason
to expect the follow-on business because KTI had no
competition—and the parts were needed right away.
Then the unexpected happened —the program was put
on “hold”. It was then that the country was just begin-
ning to feel the economic pinch that today prevails more
like a stranglehold. During the program’s suspension,
KTI lost its competitive edge —and with that went the
follow-on business.

About the same time the DIFAR program was sus-
pended, KTI found herself in need of more money if
she hoped to remain in operation. Just before Thanks-
giving 1969, KTI was about to receive $50,000 more
from their second investor. But there was a financial
string attached. Before parting with the money, the
investor insisted that KTI secure professional help
from a financial planning consultant—and further-
more, that the KTI employee currently responsible
for the firm’s financial planning be dismissed. Now
KTI didn’t have a financial administrator, as such, be-
cause the three founders shared that responsibility.
Nevertheless, the investment firm insisted on a scape-
goat—or else the “blood money” would not be given.

(Continued)
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The short straw fell to KTT's personnel administrator,
Rich Simoni. Just before Thanksgiving, 1969, Pres-
ident Tenney was forced to ask his good friend, Simoni,
to leave the company.

As if to rub salt in their wounds, one of KTI’s former
customers started its own active-filter facility by hiring
away two of KTI’s engineers. Alleging that the engi-
neers left with proprietary literature and techniques
for developing active filters, KTI is now in the throes
of suing their former customer.

Acquisition Goes Up in Smoke

When it looked like there wouldn’t be any follow-on
business from the DIFAR program, KTI set out to
find an “honorable” acquisition. After considering sev-
eral possibilities, they finally chose to be acquired by
a large, Midwestern resistor manufacturer.

As they began negotiations, both parties agreed that
theirs would truly be a profitable marriage. The
resistor manufacturer looked forward to acquiring
a high technology business —and in return, KTI would
receive a solid financial base plus the services of a
seasoned marketing organization. For the next three
months, KTI devoted the majority of her efforts toward
closing the deal.

After the initial purchase document was drawn up,
it went through four subsequent revisions—until
finally, both KTI and her prospective parent were
satisfied with all the provisions. As if to put the ribbon
on the final package, President Tenney flew to New
York to wrap up the last-minute details with KTI’s
two major stockholders. Upon returning home the
second week in May, 1970, Tenney thought that every-
thing was taken care of, save for the final signing.
Then the proverbial fly landed in the ointment.

During that second week in May, KTI's honorable
acquisition went up in smoke. One of KTI's major
stockholders started the fire when he insisted, at this
late stage, that certain wording be changed in the
purchase document. Interpreting this as a rejection,
the Midwestern firm quickly withdrew its offer.
Despite the fact that KTI convinced her dissenting
stockholder that the word change was unnecessary,
her prospective partner refused to resubmit the offer.

In retrospect, KTI feels that the hassle over the
wording gave the acquiring company just the excuse
it was looking for to back out of the deal. Negotiations
spanned the first quarter of 1970 —the period when
money grew tight and electronic companies throughout
the country were feeling the pinch. During that same

S

Understanding to unmerciful describes the range of creditors’
attitudes after KTl filed for Chapter 11. As the “pop’’ poster
over the pay phone indicates, Ma Bell was not very under-
standing.

period, the value of the acquiring company’s stock
plummeted from 12 to 4. Because of this, the acquiring
company had to part with three times as many shares
as originally planned to consummate the acquisition.
KTI now feels that it was the tight-money economy,
rather than the wording hassle, that caused the immi-
nent acquisition to fall through.

Subsequent to withdrawing their original offer to
purchase KTI, the Midwestern resistor manufacturer
made a much less attractive offer which reflected the
economic blight that was beginning to afflict the
country. Basically, the offer amounted to buying
KTTI’s entire product line —moving it to the Midwestern
facility — and retaining only Tenney and Hurtig on the
West Coast to handle engineering and marketing
functions. A very disappointed KTI refused this offer.
And by June 1, 1970, KTI had reduced her staff from
70 to 7 people and was operating under Chapter 11.

Chapter 11 - An Uncomfortable Shelter

“It’s a hell of a way to run a company —every Friday
we have to decide if we're going to open the doors on
Monday.” So responded Gunnar Hurtig when EDN
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Small production staff presently handles manufacturing
while the unused equipment stacked in the corner awaits
better times. Hal Tenney comments, “It's amazing how effi-
cient you can be when you have such limited resources to
work with—we're fortunate to have Jack Geissinger as our
manufacturing manager because he’s an expert at getting
the maximum output from the minimum input.”

asked what it was like to operate under Chapter 11.

Although operating under Chapter 11 is difficult,
both Tenney and Hurtig are thankful for its legal
shelter that gives them an opportunity to get back into
the black. As Tenney puts it, “I don’t know why a
company would file for Chapter 11 unless they had the
intention of becoming solvent again. It certainly puts
a lot of restrictions on you—but on the other hand, it
gives you time to solve your problems. Nothing
happens in a rash way—everything happens in an
orderly manner.”

Elaborating on what it’s like, Hurtig added, “Nobody
trusts you. Everything is cash-and-carry right down to
the pay telephones you see hanging on our wall. With-
out the coin in the bank, you have no alternative but
to close your doors.”

Often credited with “keeping the wolves away”,
Chapter 11 permits a flagging company to suspend
past debts temporarily—and continue to operate on
a cash-on-delivery basis. Chapter 11 aims to give
struggling businesses a chance to get back into the
black.

After coming under the Chapter 11 shelter, the
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Home-brew ad, aimed at stimulating cash sales, kicked off
the August sales campaign. Costing $7000, the modest
sales promotion resulted in-$35,000 sales and $215,000 in
long-term orders.

debtor firm must propose an acceptable arrangement
to handle past debts to a committee composed of the
firm’s creditors. At the writing of this article, KTI
had proposed such an arrangement which has met the
approval of their creditors’ committee.

As KTI will testify, operating under Chapter 11
has been quite an experience. They report that their
creditors fall into one of three categories:

—those that recognize you're in Chapter 11 and

simply do nothing.

—those that are very understanding and go out

of their way to help you.

—and of course, the unmerciful Simon Legrees.

To give some examples, let’s consider two of KTI's
creditors that present quite a contrast in attitudes.
One is the fellow who supplied KTI with their daily
coffee service—and the other is the Pacific Tele-
phone Co.

When the coffee serviceman learned of KTI’s plight,
he was very sympathetic and asked if there was any-
thing that he could do personally. On that same visit,
he left a gift of more coffee, cream and cups —despite
the fact that KTI owed him money.

(Continued)
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Then there’s Ma Bell, referred to by KTI as “their
favorite bad creditor”. Bankrupt or not, a business
without telephones is going to find it impossible to
function. Ma Bell understands this better than any-
one—and it appears that she’s not above taking ad-
vantage of it. For example, KTI's phones were shut
down without warning shortly after they filed for
Chapter 11. They were summarily told that if they
wished to have a single phone installed (without
referral service from the old number), they must make
a deposit of $1200. KTI contended that this deposit
was far too exorbitant—and it must have been—be-
cause the phone company then agreed to reduce the
required deposit to $500 (which included the referral
service). After considering other possibilities, KTI
chose to have pay phones installed because they re-
quired only a $300 deposit. Besides, most outgoing
business calls would have to go through the operator
anyway. Except for the inconvenience of overflowing
coin boxes, KTI finds that their three pay phones
do the job well. They still feel, however, that Ma Bell
is “Public Enemy No. 1” on their list of creditors.

In contrast to their creditors with wide-ranging
attitudes KTI has experienced with few exceptions
a somewhat unanimous attitude in their sales rep-
resentatives. KTI’s sales managers, Dick Smith on
the East Coast and Fred Glynn on the West Coast,
have made particular note of this. Fred Glynn (who
handles everything West of the Mississippi) refers to
this attitude as “the fair-weather friend syndrome”.
Glynn, who also wears the hat of senior applications
engineer in the home office, explains that, for the
most part, KTI's sales representatives “just weren’t
around when we needed them most.” He attributes
their desertion to one of the following reasons:

—sales representatives were skeptical about re-
ceiving commissions from a bankrupt company,
OFss i |4
—they didn’t want to attach their name to seme-
thing that might fail, or . . .

—they felt that if KTI did go out of business, there
would be no replacement parts. Hence, customers
buying KTI products could be placed in a difficult
situation—and their reputation as sales represen-
tatives would suffer.

The few outside these classifications were truly
exceptional in that they seemed to work even harder
to help their bankrupt client.

Faced with the apprehensions of their sales rep-
resentatives and a worsening economic climate, the

KTl timeshares a computer to tailor their active filters to
their customer’s unique requirements quickly. Replacing
several people, it has become a great asset during the Chap-
ter 11 operation.

future for the bankrupt firm did indeed look bleak.

August Sales Campaign

As KTI entered her second month of bankruptcy,
the morale of the half-dozen employees had rapidly
ebbed. President Tenney, who learned financial
administration the hard way, continued his search
for investors—while Engineer Hurtig continued to
service the few faithful customers. The remaining
personnel —including the firm’s only secretary—be-
came involved in stimulating cash sales. Despite
the ardent effort of the hopeful half-dozen, KTI was
getting very little cooperation from their sales rep-
resentatives. On top of this, the nation’s economic
blight grew worse with each passing day.

During the second month of bankruptcy, Paul
Newcomb, a business consultant, suggested that KTI
stage an innovative sales campaign. Tenney and
Hurtig warmed to the idea.

After a brainstorming session, KTI home-brewed
their own sales campaign—right down to creating
an unusual advertisement that touted “Save 30% or
more—NOW!” Billed as a “cash-builder sale”, the ad
offered large savings on KTT’s universal active filters
if cash payments were made before the end of August,
1970. As further enticement, the quaint ad offered
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KTl team, once 70 people, has been reduced to the handful
shown. Although each employee has a primary function, all
have learned to wear many hats as KTl struggles toward
solvency.

“one free with each (sic) ten purchased” —and “10%
kickback in free engineering services”. To inspire
their sales representatives, a contest was also an-
nounced whereby the KTI representative with the most
sales could win an attractive cash bonus.

Total cost of the modest sales promotion was $7000.
This was a rather good investment, considering the
results it produced. During the month of August,
KTI received a long-term order for $120,000. On top
of that, $35,000 was garnered from several individ-
ual sales, and the bankrupt firm convinced a “foot-
dragging” customer to place a $95,000 order.

The August sales campaign was successful in more
ways than one. It did indeed build cash and create
a backlog of business—essential ingredients for
becoming profitable. But additionally, the sales cam-
paign delivered KTI from a limbo operation to a goal-
seeking environment. This boosted morale —and KTI’s
customers began to be convinced that the bankrupt
firm was still a viable entity that had every intention
of becoming solvent again.

Nobody’s In a Hurry But Us

Having received a morale boost from the August
sales campaign, KTI renewed its efforts more strongly
than ever to find new financial backing. To date, the

company has contacted 54 potential investors, trying
to convince them that KTI’s future is so positive that
it will overcome the problems associated with the
past. Summarizing KTI's effort, Tenney told EDN;
“At any other time, I don’t think that we would have
any problem finding financial backing —but right now
the money is just too tight.” Tenney went on to explain
that the 54 investors contacted by KTI can be typically
categorized as:

1. Those who understand the product and market
potential interested —but
they currently have too many of their own
problems caused by the tight money environment.

2. Those in the business of acquisition who are
very selective, recognizing that they are in a
position to acquire companies already turning
a profit.

3. Those who are seriously interested in providing
financial backing and are trying to work out
a feasible plan.

4. Those not interested at all.

Of the 54 potential investors contacted so far, most
of them fall into the first two categories and very
few fall into the last. The third category, which seems
to be the most promising, represents about 10% of
the total. As KTI continues its search for a financial
oasis, Tenney laments, “Nobody seems to be in a hurry
but us.”

and are genuinely

Monday Morning Quarterbacking

Looking back, both Tenney and Hurtig will be the
first to admit that they made mistakes. Unlike typical
Monday morning quarterbacks, however, KTI's two
remaining founders intend to do more than just talk
about how they “should” have played the game.

With enthusiasm now tempered with realism,
Tenney explained, “When we came under Chapter 11,
it was just like starting the company all over again
—but this time from a negative position.” Chapter 11
has indeed made it a new ball game. Armed with
experience from two tough years in business, the KTI
team has learned from their mistakes—and this
time they aim to win.

How does KTI plan to avoid those big mistakes that
they made as a fledgling business? When EDN posed
this question, Tenney first replied, “For one thing,
we’ve become more realistic, particularly where finan-
cial planning is concerned. In soliciting future financial
backing, we now realize the advantages of having a
local investor that will sit on our board of directors

(Continued)
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and look over our shoulder. Though I've learned much
about financial administration through hard ex-
perience, I still plan to use professional guidance. I
think we could be successful today if, in our early
stages, we had sound financial planning.”

Hurtig added to this, “I think we underestimated the
time it would take to cultivate an old market to accept
a new product. And because our product was new, we
spent a great deal of time educating our customers
—only to find out too late that we were doing it to our
detriment. Our over-educated customers began using
our technology to build their own active filters rather
then relying on us to do the work. Though we still
appreciate the importance of customer education, we
will be more careful in the future to avoid giving away
the store.”

In spite of KTI’s catastrophic chronology, a few im-
portant things have remained unchanged: Hal Tenney
is still a highly competent strategist when it comes to
marketing —and Gunnar Hurtig is still a wizard when

it comes to designing active filters. Both men still be-
lieve in the brainchild that they created a little over
two years ago.

With sharpened business acumen garnered from two
years of hard experience, the two remaining founders
now seem to have all the essential ingredients to be
a successful company. As Hal Tenney pilots the bank-
rupt firm into the black, Gunnar Hurtig continues to
share his talents with industry as Chairman of the EIA
Working Group on Active Filters. From all indications,
the happy ending —or “new beginning” —to KTI’s story
is not far away. But for the moment, KTI is alive and
well —and operating under Chapter 11. =

As EDN went to press, KTI was negotiating a very
promising refinancing arrangement that could restore
them to solvency. To learn more of KTI's active-filter
capability—and, very likely, the happy ending, write:
Kinetic Technology, Inc., 3393 De La Cruz Blvd., Santa
Clara, CA 95050.

During these austere times, it's become quite
common to hear or read about financially-
stressed companies filing for “Chapter 11". Just
what is “Chapter 11" all about? Because it is a
legal term, EDN took this question to a lawyer.
Attorney Robert G. Moore, Los Altos, Calif., of-
fered the following explanation:

“Though the Bankruptcy Act may not be very
exciting reading for electronic designers, it does
contain a very important chapter for companies in
serious financial trouble who want to stay in
business. Of course, I'm referring to Chapter XI.

“Let me first make it clear that Chapter XI pro-
vides for a special bankruptcy proceeding. Unlike
ordinary bankruptcy proceedings that result in
liquidation of the company, Chapter XI allows a
financially-anemic enterprise a reasonable oppor-
tunity to rehabilitate itself and regain solvency.

“After filing for Chapter Xl, the over-burdened
debtor must promptly present his creditors with a
feasible plan for payment of outstanding debts.
Typically, the debtor proposes that his creditors
reduce the amounts on their claims—and/or ex-
tend the due date of same. While the creditors are

Chapter XlI Explained

considering the proposal, they are barred from
harassing the debtor, who during this same period
is allowed to continue his business operation. It
takes only a simple majority of the creditors to
accept or reject the debtor’'s proposed payment
plan. If accepted, the debtor’s financial burden
is alleviated because his creditors have agreed to
accept a loss or extend time for payment. Rejec-
tion of the proposal, however, dooms a debtor to
liquidate through ordinary bankruptcy proceed-
ings.

“There's great incentive for the creditors to ac-
cept the debtor’s payment plan even if it does
result in a loss. Though liquidation may give the
creditor an immediate under-par payoff, he
stands to gain much more if the debtor survives,
prospers and becomes a long-term customer of
his product and/or services.

“Like a boxer between rounds, a company un-
der Chapter Xl is being given a short respite, after
which he resumes the match with a stronger will
to win. As a famous sea-lawyer by the name of J. P.
Jones once said, ‘Il have not yet begun to fight,

. . under Chapter XI." "
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Design Products

Say Goodby to Bulky X-Ray Generators

X-ray technology has come a long way
since Roentgen accidentally discovered
the mysterious “X” radiation in 1895.
Until now, X-ray equipment has remained
characteristically bulky and cumber-
some because of the high-voltage cables
and heavy radiation shielding required.
Thanks to the Watkins-Johnson Co., the
X-ray generator has now entered the
Lilliputian world.

Developed by W-J’s Stewart Div., the
portable X-ray generator owes its small
size to a revolutionary X-ray tube design.
The W-J engineers succeeded in integrat-
ing a specially-developed pulse trans-
former into the X-ray tube’s sealed assem-
bly —thereby eliminating the 1/2-in HV
cable normally required for the tube/
transformer interface. Encased in lead
shielding and weighing 6 lb, the novel
X-ray tube combines a computer-designed
electron gun with an indirectly heated
cathode. Compared to convential, power-
hungry tungsten filaments, the indirectly
heated cathode provides the same large

current pulse emission levels at one-tenth
the power input. X-ray generators the size
of footballs and smaller have been built
with pulse output capabilities approach-
ing 100,000V at 600 mA. Originally de-
veloped for a jet fighter, the rugged, min-
iature X-ray tube should introduce a new
dimension in portability and placement
of the generating heads.

Beyond its successful airborne role, the
X-ray generator aims to find many new
industrial, analytical and medical appli-
cations. The photo suggests non-destruc-
tive testing (film and electronic imaging)
of packaged ICs. As a gauging device, the
X-ray generator could also provide accu-
rate thickness and density measurements
of semiconductor materials. Handy for
production-line testing, this X-ray gen-
erator can be readily placed in the most
advantageous position without requiring
a HV cable assembly.

With 400V, 3-us pulses, the new entry
delivers an X-ray intensity of 200 meV/
cm?/us (10,000 roentgens per hour) at 1

Mini Cube Makes Midi Power Supplies

In announcing a new series of power sup-
plies, Powercube Corp., has squeezed maxi
power into a midi “Cube-Pac”. The series
provides voltages from 4 to 100V and up
to 50W output power in packages no larger
than 7-1/2 in®—this compares to com-
petitive units ranging from 100 to 500 in?.
Although a standard line is available,
Powercube offers “off-the-shelf” custom
units with up to eight different outputs,
merely by tying together standard mini
power cubes as required. “Cube-Pacs” use
as few as two power cubes (one inverter,

DIP Trimmer Exhibits TCR of +2 PPM/°C

Using IC technology, Amphenol Controls
Div. of the Bunker-Ramo Corp. has de-
veloped a 14-lead, dual-in-line pack-
aged trimmer/resistor network —ideal for
automatic insertion and frugal with board

one regulator converter) to as many as
seven cubes (one switching preregulator,
one inverter and five regulator convert-
ers). Line and load regulation spec range
from < =5 mV for supplies up to 10V out-
put, to < =100 mV for 100V supplies.
The “Cube-Pac” enclosure is provided
with special feedthroughs for RFI/EMI
suppression and can be supplied to meet
MIL Specs 461 and 826. Powercube Corp.,
A Subs. of Unitrode Corp., 214 Calvary
St., Waltham, MA 02154. 251

space. Designated TRN Series 3765, each
network contains a combination of fixed
and variable resistance cermet elements
fabricated on a common substrate. These
units sell for approximately $3 each in
production quantities.

Resistive elements are prepared from a
newly developed cermet paste that ex-
hibits a nominal temperature coefficient
of 50 PPM over —40 through 85°C. One-
step depositon yields uniform, pre-
dictable TCR draft limited to =2 PPM/°C
between resistors. Resistance range is
100 to 1 MQ with standard tolerance of
+10 percent (+1 percent special).

meter. W-J reports that the X-ray genera-
tor dissipates about 30W and can contin-
uously deliver 400 pulses/s for 8 min with-
out external cooling. The generators have
been packaged as shown in the photo; the
smallest X-ray tube transformer assembly
currently available measures 2.5 by 2.5
by 8 in. Costs for the X-ray generator,
including compact power supply range
from $3000 to $5000. Watkins-Johnson
Co., Stewart Div., 440 Mount Hermon Rd.,
Scotts Valley, CA 95060. 250

“Cube-Pac” shown contains one switch-
ing preregulator, one inverter and three
regulator converters.

Each resistor within the package has
its own set of terminals—enabling the
designer to interconnect terminals in any
manner he desires. These trimmer/re-
sistor networks offer convenient voltage
or current compensation of operational
amplifiers. For such application, two
anticipated off-the-shelf networks will
contain 10 k() trimmer with two 10 k()
and two 5 k() resistors; and 1 k() trimmer
with two 1 kQ and two 500} resistors.
Both networks will have a 500 k() current
limiting resistor as well. Amphenol Con-
trols Div., The Bunker-Ramo Corp., 120 S.
Main St., Janesville, WI 53545. 252
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Design Products

“Dipswitch”’ Broadens DIP Possibilities

Dual in-line package, designated “Dip-
switeh” by Daven Div., McGraw-Edison,
contains six separate switches that can
be programmed to be No or Nc in any of
the six shaft positions. Using individual
cams to control closure and opening of con-
tact pairs, Daven can program any desired
switching configuration without special
tooling and assembly costs.

An option offered is tandem operation

where two “Dipswitches” are coupled by
a special rear shaft extension. Common
poles also can be tied together internally
at the factory.

Contacts have a positive wiping action
and are made of gold-plated beryllium cop-
per. They are rated 125 mA at 115V ac or
28V dc. Daven, A Div. of Thomas A. Edi-
son Industries, Grenier Field, Manchester,
N H 03103. 253

Photoelectric Mini-Reader at Mini-Price

Low-cost and compact photoelectric mini-
reader MTR-2000 is designed for such ap-

plications as typesetting, programmed

machine tool and test equipment.

Priced below $500 in OEM quantities,
the perforated tape reader reads at rates
up to 200 characters/s and mounts in
<0.25 ft* of front panel space.

Data and sprocket output reliability
tests show no dropout for more than 150
million bits at 75°C and more than 500
million bits at 25°C.

The only moving assembly in the reader
is a low-inertia drive sprocket attached

the

directly to electrically-controlled
step motor.

Standard features include: stop on stop
character, continuous run or step mode,
end-of-tape/no-tape sensing, 0 to 70°C
operation, output data latches, power
filtering, 6- and 8-level tape, spare lamp
and advanced sprocket TTS tape. Elec-
tronic Engineering Co. of California,
1441 E. Chestnut Ave., Santa Ana, CA
92701. 254

ECOLOGY KITS FULL OF LIFE!

Man's survival depends upon suitable
ecological balance. These 5 well planned, F o 55-Nitinol the SEERnige
experiment kits explore different portions antastic PR=NAGOL , .o B8 SUERNE
of environment—introduc tors on which nickel-titanium alloy which you can twist,
atural nees rely. Perform Dimerous bend or coil into any shape, then apply
with Hater % included heat and watch it sprink back to its
avail. locally). Compl. instruct original annealed shape. Developed at

.353AT GREEN LEAVES $5.00 Ppd.
#71,354AT WATER LIFE ...$6.00 Ppd.
#71,355AT PREDATOR PREY $6.00 Ppd.
#71,356AT LIFE MOVERS ..$5.00 Ppd.
#71,357AT LIFE F/DEATH .$5.00 Ppd.

[

devices,
locking

ranges

Stock No.

$16.50 AIR POLLUTION TESTER!

I"irst  low-cost survey-type instrument

Quickly provides quantitative results in

threshold limit rang 't hy Amer. Conf Giant Free Catalog

of Gov't Industrial Hygier Sensitive Completely new 1971 edition—118 pages
accurate, wide measuring range. Tnelude Bargains galore! New categories, items,
2 ampoules each to test for (0, (O illustrations. Dozens of electrical and
H28, NOjz, and SO,. Sufficient for 2 to 1 clectromagnetic part aceessories. Enor
tests depending on concentration. Light mous  selection  of  Astronomical Tele
weight Kit includes sturdy vacuum pump, scopes, Microscopes, Binoculars, Magni
counling tubes, complete instruetions with fiers, Magnets, Lenses, Prisms. Many
seales to determine results. Sets (1) or  war  surplus items for hobbyists. —ex-
replacement ampoules available for $4.75 perimenters., workshop, factory Write
Stock No. 71,349AT. . ... .$16.50 Ppd. for Giant Free Catalog ‘‘AT"’

» - ele - el=4= = -
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NITINOL.”“METLITH A MEMORY"’

7.8, Naval Ordnance
non-magnetic,
new product potential: thermall
self-erectable  structures,

Corrosion resistant,
low density. Tremendous

actuated

low

EDMUND

oL B - Shect
DaGU VRSN FHETS

FOR EXCELLENCE IN

ROTARY SWITCHES

SPECIFY GRAYHILL

® 15°,30°, 36°, 45°, 60° or 90°
Angle Of Throw

2 To 24 Positions Per Pole

Ratings Up To 15 Amps.

1 To 6 Poles Per Deck

1 To 12 Decks

Diameters 5" To 214"

Shorting Or Non-shorting Contacts
Explosion Proof

Military Or Commercial Styles

Single Or Concentric Shafts

Solder Lug Or Printed Circuit Terminals
Switch And Potentiometer Combinations
Key Lock Option

Homing Rotor (Bridging And

Shorting) Option

Spring Return Option

Power or Signal Switching

Isolated Position (Pull-To-Turn) Option
Adjustable Stop Option

For your Grayhill
Engineering Catalog
offering complete technical

data— contact

555 Hillgrove Avenue

LaGrange, lllinois 60525
Area Code 312, Phone 354-1040

Difference Between Excellent and Adequate
CIRCLE NO. 16
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Computer Products

Hard Copy

Display copier, Model 9750, makes per-
manent records of alphanumeric or graph-
ic displays from CRT monitors quickly and
reliably. Cost per copy, at five copies
per minute, is < $0.02. A. B. Dick Co.,
5700 W. Touhy Ave., Chicago, IL 60648.

255

Card Reader M200 offers combined re-
liability of LED and semiconductor de-
vices. Operating at 200 cards/min, the

M200 sells for $1275 in OEM quanti-

ties. Documentation, Inc., Melbourne, FL
32901. 256

Impact printer Model 101 prints on stan-
dard paper at 165 characters/s or 132
character lines/min. Price is from $2400
with OEM discount available. Centronics
Data Computer Corp., 1 Wall St., Hudson,
N H 03051. 257

Multiple card reader Model 8800 handles
80-column cards at 650 cards/min or 96-
column cards at 1000 cards/min. Hopper
and stacker capacity is 1000 cards. Price
in OEM quantities is $2500 each. Bridge
Data Products, Inc., 738 S. 42nd St., Phil-
adelphia, PA 19104. 258

Systems

General purpose computer, Westinghouse
2500, has a 16-bit word length and an
850 ns memory. Basic computer with
4096 words of internal memory sells for
$9950. Westinghouse Electric Corp., Box
2278, Pittsburgh, PA 15230. 259

Minicomputer, Model CF16A, features
126-instruction repertoire, 1.6 us memoryv
cycle time and single I/O transfer rates
up to 500,000 16-bit words/s. Memory is
expandable to 32,768 words. Xerox Data
Systems, 701 S. Aviation Blvd., El Se-
gundo, CA 90245. 260

Modem/acoustical coupler, Model ADC
300, operates from 0 to >300 baud, linear,
using frequency modulation. The 4-1/2-
by 5-1/2- by 1-1/2-in unit accepts only
serial, binary asynchronous input data.
National Midco Industries, Inc.,, Box
5433, Trenton, N J 08638. 261

Magnetic Tape

Drive system DPC-202 for magnetic-tape
cassettes (4 by 2-1/2 by 3/8 in) employs
patented direction-sensing clutch that
permits one dc motor for both run and
fast rewind. The unit, developed for OEM
market, is priced at under $100 each in
quantity. 3M Co., 3M Center, St. Paul,
MN 55101. 262

Tape transports 20291 and 20292 feature
automatic threading and loading. Drives
operate at speeds of from 75 to 120 ips,
respectively. Bucode, Inc., 175 Engineers
Rd., Hauppage, NY 11787. 263

Incremental deck is an on-line cassette
that has the ability to read and write on
an incremental basis up to 30 characters/s.
Price range is $355 to $775. International
Computer Products, Inc., Box 34484,
Dallas, TX 73234. 264

Five models of magnetic tape transports,
2000 Series, move tape up to 45 ips and
have clocked digital outputs. Available
packing densities are 800 and 1600 bpi.
Mohawk Data Sciences Corp., Palisade
St., Herkimer, NY 13350. 265

Incremental cassette magnetic-tape re-
corder, Model 400T, has selectable read/
write baud rates of 110, 150 and 300.
Stopping and starting on a character in
read mode is achieved without loss of a
character. Mobark Instruments Corp.,
1038 W. Evelyn Ave., Sunnyvale, CA
94086. 266

POWER
SUPPLIES

Now you can save space and improve
reliability by mounting an Acopian
mini-module power supply directly
into a printed circuit board. Sizes
start at 2.32” x 1.82” x 1”. Both
single and dual outputs are available.
And the duals can be used to power
op amps or for unbalanced loads.
Other features include:

e Choice of 58 different single output
modules ranging from 1 to 28 volts,
40 ma to 500 ma

e 406 combinations of dual output
modules with electrically indepen-
dent, like or different outputs in
each section

e 0.02 to 0.1% load and line regula-
tion, depending on model

e 0.5 mv RMS ripple

e Prices as low as $39 for singles,
$58 for duals

Do you have the latest Acopian cata-

log? It lists over 82,000 AC to DC

power modules for industrial or MIL-

spec applications. For your copy,

write Acopian Corp., Easton, Pa.

18042, or call (215) 258-5441. And

remember, every Acopian power

module is shipped with this tag...

WAS
s POWER SUPRLY
H SHIPPED WITHIN

JAYS

Acopian

DT S ¢ R Y TS T e A S e
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Ferrite Shielded Air
Core Yoke C5380. De-
signed for high speed pre-
cision character displays
(nanosecond writing
speeds). Undesirable mag-
netic coupling and stray fields
eliminated by unique shield
design.

Syntronic engineers and manufactures the
most extensive line of deflection yokes
available . . . and continually develops new
designs to satisfy the ever increasing
requirements of the display industry. For large
production or custom applications get the
engineering control and production experience that
only SYNTRONIC, the yoke specialists, can provide.

syntrom'

@'

@ (@
& 5 &

INSTRUMENTS, INC.

100 Industrial Rd., Addison, Ili. 60101
phone 312-543-6444

2

-

CIRCLE NO. 18

a-dapt-a-bil-i-ty
(o-dap’ta-bils-t1 ))n.

1. Capacity to adjust or make suitable for new or
special use. 2 Capable of applying aviation/aero-
Space-proven metering, measuring and control devices
and principles to other sophisticated electronic instru-
mentation needs. 3. Ability to act, with short notice,
to satisfy all attendant engineering and manufactur-

ing requirements.

AERONETICS Division can solve your electronic
control and instrumentation needs with technical and
manufacturing flexibility. Let us prove it by sending
your requirements and specifications today!

ABIrONeTICS

A DIVISION OF AAR CORP

2100 Touhy Avenue

Elk Grove Village, lllinois 60007
PHONE: (312) 593-6700

TELEX: 253594 / CABLE: AIRNAVCOM

CIRCLE NO. 19
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Computer Products

Memories

Disc memory M-200D, having a head-per-
track configuration, has an average access
time of 8.7 ms. Storage capacities are from
265,000 to 6,400,000 bits and from 16 to
128 tracks per nickel cobalt disc, 12 inches
in diam. Applied Magnetics Corp., 75
Robin Hill Rd., Goleta, CA 93017. 267

Read-only core memory, Model 401-11,
has maximum capacity of 2k by 48 bits —
four 8.8- by 9.2- by 1.2-in modules. Cycle
time is 500 ns and access time is 180 ns.
Quadri Corp., 2959 W. Fairmont, Phoenix,
AZ 85017. 268

Standard core memory systems, FI-4,
offer capacities from 4k by 20 to 8k by
10 bits and feature 1 us full cycle time.
Access time is 390 ns. Construction is 3D,
3 wire organization using 18-mil cores.
Ferroxcube Corp., Saugerties, NY 12477.

269

Semiconductor memory systéem has a
storage capacity of 64,000 bits. System
is completely self-contained, including
control logic, power supplies and cooling.
Advanced Memory Systems, 1276 Ham-
merwood Ave., Sunnyvale, CA 94086. 270

Off-the-shelf MOS/LSI arrays include two
ROMs (2560 bit), two read/write (256 and
128 bits), a 1024-bit dynamic shift reg-
ister, and an analog switch. They are
available in either flat pack or DIP and
designed to operate at —55 to 125°C. Col-
lins Radio Co., Newport Beach, CA 92663.

271
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High quality capacitors unrivalled in the
precision, dependability and compact-
ness. Quality is recognized by ever
wider use in measurement equipment,
computers, and automatic controllers.
“LEAF"” the matter of capacitors to
MATSUO ELECTRIC CO.

MATSUO

SOLID TANTALUM CAPACITORS
FOR HYBRID ICs -“‘MICROCAP"-

Specifications:

Operating Temperature Range: —55°C to +-85°C
Standard Voltage Rating: 6.3, 10, 16, 20, 25, 35 VOC
Standard Capacitance Value: .001 to 22MFD (E6 series)
Standard Capacitance Tolerance: +20% (M)

I
MATSUQ'S other capacitors
include:

Metallized Polyester Film Capa-
citor: Type FNX-H mylar wrapped.
Solid Tantalum Capacitors: Type TAX
hermetically sealed in metallic case,
Type TSX encased in metallic case and
sealed with epoxy resin, Type TSL en-
cased in metallic case and sealed with
epoxy resin. Polyester Film Capaci-
tors: Type MFL epoxy dipped, Type MFK
epoxy dipped, non inductive, Type MXT
encased in plastic tube, non inductive.

For further information, Please write to
Manufacturers and Exporters

MATSUO ELECTRIC CO., LTD.
Head Office: 3-5, 3-chome, Sennari-cho, Toyonaka-shi, Osaka, Japan
Cable: ““NCCMATSUO'' OSAKA  Telex: 523-4164 0SA

Tokyo Office: 7, 3-chome, Nishi-Gotanda, Shinagawa-ku, Tokyo

CIRCLE NO. 40

Components
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Linear position transmitter, Model 5141,
has shaft actuation force of 4 oz at 20°C,
no backlash and a dither life of 10 million
cycles. Stock ranges are 5 and 10 k() for
7/16-in travel with additional resistance
and travel ranges available. Other speci-
fications include 0.8W power rating

(70°C), =1 percent overall accuracy and
a weight of 2 oz. Bourns, Inc., 1200 Col-
umbia Ave., Riverside, CA 92507. 272

Subminiature reed relay is now available
for $0.39. Unit measures only 0.275 (diam)
by 0.95 in (length), and available coil
voltages are 1, 3, 5, 6, 12, and 24V. Con-
tacts are rated up to 1A at 20W and have
a breakdown voltage of 750 Vdc. Rated
life is over 100 million operations. Elec-
tronic Application Co., 2213 Edwards
Ave., South El Monte, CA 91733. 273

Seven bar-segment display has single
plane viewing, front or rear lamp replace-
ment, choice of screen colors and plug-in
unit. Optional features include caption
display of either three or six messages
and conventional rear-projection 12-mes-
sage display. Industrial Electronic Engi-
neers, Inc., 7720-40 Lemona Ave., Van
Nuys, CA 91405. 274

GLASS ENCLOSED

Thermostatic

DELAY RELAYS (-

ANPERITE

Offer true
hermetic

sealing —
—assure
maximum

stability

and life!

Delays: 2 to 180 seconds
Actuated by a heater, they operate on A.C.,
D.C., or Pulsating Current. .. Being hermeti-
cally sealed, they are not affected by alti-
tude, moisture, or climate changes . . . SPST
only — normally open or normally closed
. . . Compensated for ambient temperature
changes from —55° to +80°C. . .. Heaters
consume approximately 2 W. and may be
operated continuously. The units are rugged,
explosion-proof, long-lived, and inexpensive!
TYPES: Standard Radio Octal

and 9-Pin Miniature. . ... List Price, $4.00

PROBLEM? Send for Bulletin No. TR-81.

AMPERITE

BALLAST
REGULATORS

Hermetically sealed, they are
not affected by changes in
altitude, ambient temperature |} !
(—50° to +70° C.), or humid- m[.“
ity . . . Rugged, light, compact, PERITE,
most inexpensive. CESLEATON

List Price, $3.00
Write for
4-page  ||E[T"TT7C
Technical Bl oo o Auvni
Bulletin 2] VARIES APPROX. iom.v
No. AB-51 30% | 2%

AMPERITE

600 PALISADE AVE., UNION CITY, N.J. 07087

Telephone: 201 UNion 4-9503

In Canada: Atlas Radio Corp., Ltd.,
50 Wingold Ave., Toronto 10

CIRCLE NO. 20
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BABCOCK

RADICALLY IMPROVED CONTACT
STRUCTURE AVAILABLE FOR
CONTROL SYSTEM RELAYS...

| THE SERIES K

New Babcock Series K relays, 2, 4 and 6PDT, incorporate

L a unique “lift-off" method of actuating contacts. ..
v which minimizes inertia effects, and greatly reduces

bounce and chatter. The armature and yoke design is also a new development, with

high efficiency affording high contact pressure and sensitivity. Learn more about these

unconventional Series K relays—with conventional interchangeability.

Write Babcock Electronics Corp., Subsidiary of Esterline Corp., 3501 No.

Harbor Blvd., Costa Mesa, Calif. 92626; or call (714) 540-1234.

Available from your local Babcock Distributor: Hamilton-Avnet or Powell Electronics.

ESTERLINE

g
- ocX
. =

Mercury Wetted
CIRCLE NO. 21
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MIL-R-6106 MIL-R-5757 3A Industrial 10A Industrial

A size hreakthrough in metalized polycarbonate capacitors

is now produced by S&EI Manufacturing. The new mini-miniature 22 series of 50VDC
and 100VDC metalized polycarbonates are available in all standard encasements.
They feature an excellent combination of high thermal stability and small size, making
them particularly superior for circuits requiring a flat T.C. and low losses. A typical
size in our 22R series, of 10.0 mfd. 50VDC, is .58 O.D. x 1.16 in length. A 1.0 mfd.
size is .40” x .67". So we invite you to call for any special configuration techniques
and sizes, or send for our data catalog sheets.

S&EICL/]Z/L Manufacturing/Capacitors

18800 Parthenia Street, Northridge, California 91324 « (213) 349-4111 * TWX 910-493-1252
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Pin sockets, J-150, grip IC modules firmly,
yet permit component removal and rein-
stallation without loss of holding power.
Removal of a plugged-in module requires
over 50 g/pin. Terminals are 0.15 in long,
and they will accept both round leads
(0.016-to 0.019-in diameter) and flat leads
(0.015-to 0.023-in wide). Texas Electronic
Instruments, Inc., 5619 Etheridge, Hous-
ton, TX 77017. 275

Ceramic multilayer feed-through capaci-
tors, Type CL, have minimum capacitance
value of 50,000 pF. Typical insertion loss
is 20 dB at 1 MHz and 70 dB at 1000 MHz.
Voltage rating is 100V dc with 10A rated
current, with no voltage derating over
operating temperature range of —55 to
125°C. Allen-Bradley Co., 1201 S. 2nd St.,
Milwaukee, WI 53204. 276

Printed-circuit connector for 1/16- and
1/32-in boards has contact spacing on 0.05-
in centers, and a choice of 20, 40, 60, or 80
terminations. Called .050 Series, the gold-
plated solder tails on the connector back
are staggered for easy access. Connector
bodies, molded of dialyll phthalate, can
be polarized with keys in selected contact
positions. National Connector Div., Fabri-
Tek, Inc., 9210 Science Center Dr., Minne-
apolis, MN 55428. 277
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Circuits

VHF linear power amplifier is broadband,
offers 5W output and provides both good
linearity and low distortion. Model HSA-
81D2 has a frequency range of 85 to 155
MHz and a 0.15 dB bandwidth of 70 MHz.
Gain is 21 dB. Optimax, Inc., Box 105,
Advance Lane, Colmar, PA 18915. 278

o 5 TR
12-bit integrating A/D converter, Model
ADPAC MP2600, provides 12 binary-bit
or 3-1/2 BCD-digit outputs at 0.05% accu-
racy and 7.5 ms total conversion time. Its
true differential input presents 1000 M()
impedance. Dimensions of the mechani-
cally and electrically shielded module are
4 by 2 by 0.39 inch. Price is $175 in unit
quantities. Analogic Corp., Audubon Rd.,
Wakefield, MA 01880. 279

A/D encoder modules have up to 8-bit reso-
lution and 1-MHz word conversion speed.
Designated the IAD-M family, these use
modified successive approximation en-
coding. Currently available models pro-
vide 4-, 6- or 8-bit resolution and are
priced from $525 to $855 in single lots.
Inter-Computer Electronics, Inc., 1213
Walnut St., Lansdale, PA 19446. 280

CRYSTAL OSCILLATOR

Crystal oscillator, Model PCOXO-5, has
aging rate of 5 parts in 10'°/day and is
available in 1, 3 or 5 MHz. Frequency sta-
bility is 2 parts in 10'/°C between 0 and
60°C, input voltage is 28V dc and output is
1V rms. Size is 2 by 2 by 4 inches, and
price is $297 in 10 piece lots. Bulova Watch
Co., Inc., Electronics Div., 61-20 Wood-
side Ave., Woodside, NY 11377. 281

VECTOR-PAK SYSTEM SOLVES PACKAGING PROBLEMS

e CAGES NOW AVAILABLE FULLY OR PARTIALLY ASSEMBLED.
® NEW EASY-TO-ORDER NUMBERING SYSTEM.

® BUILT IN ADJUSTABILITY AND FLEXIBILITY TO SOLVE YOUR
PACKAGING PROBLEMS.

L

@ New “NIM"” Bins and Modules for cost saving interchangeability — exclusive

Vector Card Mounting System.

@ Rugged all aluminum Vector-Pak Card Cages with extruded guides located at
50" or .750” spacing — easily adjusted.

@ Dozens of new Plugbords for building Plug-In Cards — IC and discrete types.
Multi-Mod Cases — sleek functional aluminum cases for instruments and

@other circuitry. 4 slotted interior surfaces for cards, mounting plates.

@ Front Panel Card Mount Plates supplied ready for cards, “pots” and switches—
Mount plates in Vector-Pak Cages.

Send jor new specification sheets.

VECTOR ELECTRONIC CO., INC.
12460 Gladstone Ave., Sylmar, California 91342
Phone: (213) 365-9661 [ TWX (910) 496-1539
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Introducing muLTiPOWER
muLTi-outPuT MODULAR POWER SUPPLIES

3-4-0r 5 OUTPUTS + 5VDC +15VDC — 15VDC + 28VDC — 6VDC

|15VAC GNP

: . ")
:ﬂ:tfa ey W
»
§1RO seact s
Economical - - - Reliable - - - Small Size
Low Noise - - - Series Regulated - - - Convection

Cooled - - - Current Limiting — Standard
Overvoltage —Optional. Available from stock.

AsStro-Space Laboratories, Inc.

@‘s—g Research Park, Huntsville, Alabama 35806

(205) 837-5830
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The Digilin 340 Multimeter gave you auto-zero, constant high input
impedance, award winning utility.

Now look what the new 340A
gives you besides

expect in a low-cost
meter. New averaging
circuit does a better
job on nonsinusoidals,

Digilin’s widely accepted
Model 340 digital
multimeter is even
better as the

Model 340A. too.  Utmost quality
Three ways — best components
better. Check operated at conserva-
these new tive levels, extensive
features: use of TTL IC’s, opti-

* Fast response
of less than 1
second from 0 to
full scale using a 3-pole

active input filter. Plus normal
mode rejection of 60 db at 60 Hz and

low noise. * Best AC stability, better on
low input frequencies than you'd ever

mized circuit layout on
all-plug-in boards, new flex
. cable techniques, new extra-

. stable A/D converter. Plus all the
other Digilin innovations that made
the 340 so great. And it’s still priced
under $400. Digilin, Inc., 1007 Air Way,
Glendale, Calif. 91201 (213) 240-1200.

d ® ® l ®
igqilin
DIGITAL INSTRUMENTS
CIRCLE NO. 25

Circuits

Varo High Voltage Rectifiers:
Silicon Performance at Selenium prices.

|

Equally well suited for use in other
cathode ray tube applications,
electrostatic power supplies and
voltage multipliers.

ONLY $1-32

i

"

At last, economical high voltage
silicon rectifiers at selenium
prices! Ideal for use in all high
voltage, low current applications.

 5,000-40,000 Volts

¢ 5, 10, 25 milliamp ratings

» Standard and Fast

Recovery

These are the high voltage recti-
fiers that make completely solid
state television circuits possible.

VARO

10,000v, 5mA rating. Quantity of
1,000. Complete details, applica-
tions, and price list available.

WE CATALOG IN EEM

SEMICONDUCTOR DIVISION, 1000 N. SHILOH ROAD, GARLAND, TEXAS 75040 (214) 272-4551
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Voltage sensors, available in single and
three-phase 60 or 400 Hz units, are de-
signed to protect equipment from damag-
ing dropouts or excessive levels. Type
VAA sensors have accuracy of 1%, use
an rms type detector and are available
with pickup and dropout time delay from
250 ms to 10s, preset at the factory for any
sense voltage between 95 and 150V rms.
Logitek, Inc., 42 Central Dr., Farming-
dale, NY 11735. 282

Dual voltage-tuned oscillator, Model
200302092, has outputs of 65 mW mini-
mum over the frequency bands of 3.6 to 4.3
and 5.8 to 6.5 GHz. Ferrite load isolators
enable smooth monotonic tuning and as-
sure less than *0.05% frequency shift
into a 1.5:1 VSWR rotated through all
phases. Temperature stability is 150
PPM/°C. Addington Labs., Inc., 1043
Di Giulio Ave., Santa Clara, CA 95050.

283

Data amplifier has unique design that per-
mits recording of dc through 10 kHz data
accurately, regardless of the dc bias or
offset present. Differential input, gain of
2500 and system accuracy of better than
0.1% are features of the Model 1100.
Diginetics, Inc., Box 777, Bridgeton, MO
63044. 284
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New SC's

MSI shift register US7495A has been
added to the Series 54/74 family of high
speed logic. The unit is a four-bit, parallel-
input, parallel-output device featuring
selective right or left shift mode control
and individual clock inputs for left or right
shift timing. In lots of 100 to 999, price for
the 0 to 70°C unit is $4.65 each. Sprague
Electric Co., North Adams, MA 01247.

285

COS/MOS 14-stage ripple-carry binary
counter/divider CD4020D operates from
dc to 2.5 MHz typically, has 10 uW typical
power dissipation, single power supply
operation from 6 to 10V, operates over the
full military temperature range of —55 to
125°C and at the 1000-unit level price
costs $12.50 each for the 16-lead, dual
in-line, ceramic-packaged device. RCA/
Electronic Components, Harrison, N J
07029. 286

Buffer register ICs include four devices for
parallel-in, parallel-out applications. Each
unit contains ten clocked “D” flip-flops
that are of the dc-coupled master-slave
variety. Propagation delays are typically
<30 ns, and transfer rate is typically <20
MHz for the 8200-8203 units. Available
in both 0 to 75°C and —55 to 125°C ver-
sions, prices start at $8.39 each in quanti-
ties between 100 and 999. Signetics Corp.,
811 E. Arques Ave., Sunnyvale, CA 94086.

287

UNIVERSAL

INCREASES FLEXIBILITY
IN PROTOTYPING
PRODUCTION AND
FIELD SERVICE

U Series panel with

point to point wiring
saves time, space and money

B Available in multiples of 9 row sections up to 54 rows.

m Each 9 row section accepts 3 plugs for interfacing or
input-output connections.

m Accepts 14, 16, 24 and 36 lead Dual-in-Line integrated circuits.

m Double sided board with power and ground planes connected
to additional wire wrap terminations outside of contact row.

B Wire wrap terminations with tri-level connection length.
Request complete I. C. folder.

A AT Tel: 617-222-2202
inc. 34 Perry Ave., Attleboro, Mass. 02703
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PRECISION GOAXITUBE CABLE

- v s OANITITIEE coaia catie

s TUBE COMBANY, INC. ‘20

.. wh D
e - T4

This semi-rigid coaxial cable provides low attenuation, maxi-
mum shielding effectiveness, lowest possible VSWR, broad
frequency response, and high power rating. Available in all
standard constructions and in special constructions to your
specifications. Phone or write for your copy of our new tech-
nical manual containing information on Precision Coaxitube
cable and fabricated products, plus helpful engineering data.

PRECISION TUBE COMPANY, INC.

NORTH WALES, PENNSYLVANIA 19454
Phone: 215-699-5801 TWX: 510-661-8427
CIRCLE NO. 28
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INA/D AND DIA
CONVERTERS

WHAT SETS
ANALOGIC
APART ©

SPECS.

More specifications than most other
companies.Tighter specifications than
most other companies. Specifications
that are met on a continuing basis.
Analogic’s specifications are conserv-
atively stated, never overstated, and
are designed into the product not
the result of test ““fall ins".

LOW COST, HIGH PERFORMANCE
A/D CONVERTER

Analogic’s low-cost,high-performance
AN 2800 series is a recent addition to
what we believe to be the industry’s
most complete line of A/D and D/A
converters.

® Available in 8,10, or 12 binary bits
and 2 or_3 BCD digit configurations
sDTL/T2L compatiblesAccuracy to
0.01%mSpeeds to 1~ U sec/bitaTem-
perature coefficients are: 9ppm/°C
(gain); 0.0015% F.S./°C (offset);
and 2ppm/©C (differential interbit
quantizing)®Adjustable word lengths
® Unipolar and bipolar input ranges
mAll standard output codes (including
NRZ serial)

Contained on an easily repairable
single 2-13/16" x 4-5/8" plug-in
card, the AN 2800 has accessible
built-in clock rate, offset and range
adjustments.

Cost of the AN 2800 is $275 to $345,
with substantial OEM discounts de-
pending upon output resolution.
The most knowledgeable and available
A/D and A/D application engineers in
the industry are ready to assist you.
For immediate information call Paul
LaBrie, (617) 246-0300 or write
for definitive data sheets and our
comprehensive short form catalog.
Analogic Corporation,Audubon Road,
Wakefield, Massachusetts 01880.

Al\lALDGIG@.
...The Digitizers
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New SC's

—a -

Random access semiconductor memory
IM5503 is a 256-bit, high-speed T2L, fully
binary decoded unit with access time of 75
ns and low power dissipation of 1.5 mW/
bit. Chip select, write enable and open col-
lector outputs also are provided in this 16-
pin ceramic dual in-line ‘packaged unit.
Price in lots of 100 pieces is $57 each (0 to
75°C) and $85 each (—55 to 125°C). Intersil
Memory, Inc., 10900 Tantau Ave., Cuper-
tino, CA 95014. 288

Balanced modulator/demodulator SG1596
is designed for use in suppressed carrier
and amplitude modulation, synchronous
detection, FM detection, phase detection
and chopper applications. The unit fea-
tures carrier suppression up to —65 dB,
common mode rejection of —85 dB, ad-
justable gain, balanced inputs and out-
puts and temperature operation from —55
to 125°C. Price in lots of 100 items is $4.40
each. Silicon General, Inc., 7382 Bolsa
Ave., Westminster, CA 92683. 292

Voltage regulator LM376 provides an out-
put voltage range from 5 to 25V, output
current to 25 mA and load regulation of
1%. Series pass transistors can be added to
obtain output currents as high as 10A.
Packaged in an 8-pin silicone molded con-
tainer for a 50% size advantage over the
standard 16-pin package, price in quanti-
ties of 100 to 999 is $1.50 each. National
Semiconductor Corp., 2900 Semiconductor
Dr., Santa Clara, CA 95051. 290

LB ABBANB.

High-power red-light-emitting diodes in the
MYV 4 Series provide output levels of 5000
fL (at 2V, 1A). Light output wavelength
(6700A) is controlled to +200A, keeping it
well above the sensitivity range of most
photographic films. Peak currents to 25A
are allowed for 1 us at rates to 300
pulses/s. Price in lots of 100 to 999 is
$9.25 each. Monsanto Electronic Special
Products, 10131 Bubb Rd., Cupertino, CA
95014. 291

MOS/LSI arrays include six new devices
with access time for storage arrays of 40
ns. Units are a 512-word 2560-bit ROM
($32), a 256-word 2560-bit ROM ($32), a
256-bit 64 by 4 read/write storage array
($24) a 128-bit 64 by 2 read/write storage
array ($20.50), a 1024-bit dynamic shift
register ($20) and an analog switch ($13).
Prices are for quantities of 100 to 999.
MOS Marketing Dept. 600, Collins Radio
Co., Newport Beach, CA 92663. 289

Microwave transistor HP21 offers an f,
typically 12 GHz, which defines the state
of the art today in commercially-available
small-signal microwave transistors. Other
characteristics include a gain >20 dB at
500 MHz, 3 dB at 8 GHz; power output
20 dBm (100 mW) at 4 GHz and +5 dBm
at 8 GHz. Typical noise figure is 3 dB at
1 GHz and 5.5 dB at 3 GHz. In lots from
100 to 490 price is $12.50 each (chip) and
$15 each (stripline). Inquiries Manager,
Hewlett-Packard Co., 1601 California
Ave., Palo Alto, CA 94304. 293
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Our D
servomotor
_ ismad
with power.

That's our SU-680D-29 perma-
nent-magnet D-C servomotor.
We call it our D motor for short.
It's small, rugged and powerful.
It delivers 12.7 watts of con-
tinuous power output at 8600
rpm and is a natural for any
servomechanism that requires
a prime mover. It has a high re-
peatability-to-time ratio which
makes it immensely stable, a
0-10,000 rpm speed range and
a high acceleration. Torque/
Inertia. Torque peaks at 15 oz-
in., 2 oz-in. continuous at 8600
rpm. It measures only 1% inches
in diameter and weighs just 8%
ounces.

SERVO-TEK PRODUCTS COMPANY
1086 Goffle Road, Hawthorne, New
Jersey 07506.

SERVO-TEK

PRODUCTS COMPANY

For full details write for our
interesting technical sheets
and get mad

with power

yourself.
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Tape drive tester, Model TDX, exercises
and tests Ampex TMX and TMZ digital
tape memory systems. Although priced
under $1000, it fully checks out data elec-
tronics and transport capabilities. Ampex
Corp., 9937 W. Jefferson Blvd., Culver
City, CA 90230. 294

Ellipsometer, Model AME-5060, provides
film thickness readings accurate within
+20A and refractive indices within +0.03
over the range of 20 to 2700A. Lightweight
and portable, it can be operated by produc-
tion line technicians under normal am-
bient light conditions. Price is $4957.
Applied Materials Technology, Inc., 2999
San Ysidro Way, Santa Clara, CA 95051.

295

Frequency synthesizer, Model SY-100A,
covers the 2 to 4 MHz range in 100 Hz in-
crements with stability of better than 1
part in 105 Output is 1V. Tuning is nor-
mally by thumbwheel switch. Spectral
purity is achieved by indirect synthesis,
using a phase-locked loop and self-
contained frequency standard. Price is
$1975. Transcom Electronics Corp., Box
426, Skokie, IL 60076. 296

['sHieoen Boxes |

Take
your

pick.

(Shown /5 size)

The newly expanded line of Pomona Shielded
“Black Boxes” now comes in six different
sizes; in cast or extruded aluminum; some
slotted to accept circuit boards; in a broad
choice of connector combinations or no con-
nectors. There's bound to be one to meet
your requirement. Write for complete infor-
mation in our General Catalog.

POMONA
ELECTRONICS

1500 E.Ninth Street * Pomona, California 91766

CIRCLE NO. 31
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The Par-Metal Catalog
contains more detailed
information for the
engineer and purchasing
agent than ever!

NEW PRODUCT FLASH!

Slope Front Floor Standing Rack.
e For immediate delivery.

¢ All welded construction.

e 17%2" x 19" sloped front.

Write for your free copy!

L ParMetal
¥ Products

DIVISION OF EON CORPORATION

1266 Atlantic Avenue
Brooklyn, N.Y. 11216

Tel. (212) 772-5800
CIRCLE NO. 32
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Equipment

Digital multimeter measures ac and dc
volts, ac and dc current and ohms with
100% over range and 3-1/2-digit display.
Reading speed is 5/s and accuracy is 0.1%.
The Model 1800 may be operated from
either 115V ac or 12V dc. Price is $275.
Eldorado Electrodata Corp., 601 Chalo-
mar Rd., Concord, CA 94520. 302

Resolver/synchro-to-digital converter,
Model 545/100, features 0.01° resolution
“Nixie” readout, 0.01% accuracy, 20,000°/s
tracking rate, 200,000 Sec™' velocity con-
stant and 100 ms maximum synchroniza-
tion time for a 180° step-input — plus BCD
output. Price is approximately $3500.
North Atlantic Industries, Inc., Terminal
Dr., Plainview, NY 11803. 297

Power supplies of the LW Series have cur-
rent ratings to 200A and voltage ranges to
48V dc in 42 models and four package
sizes. Both price and space requirements
have been cut nearly in half compared to
conventional series regulated supplies.
Regulation is generally 2%. Remote sens-
ing is provided. Prices start at $250.
Lambda Electronics Corp., 515 Broad
Hollow Rd., Melville, NY 11746. 298

Logic circuit analyzer, Model 4040, does
not need complex programming to verify
every possible combination of the input/
output logic or truth table for any logic
circuit having up to 1200 independent in-
puts. Price is $2250. Data Test Corp., 822
Challenge Dr., Concord, CA 94520. 299

Sweep/signal generator, Model 2001, offers
frequency range of 1 to 1400 MHz and may
be operated in three modes; start/stop,
sweeping from end to end, up or down;
Af with calibrated sweep width; and CW
with a 100% duty cycle. RF output is
leveled and calibrated. Price: $1695.
Wavetek, 9045 Balboa Ave., San Diego,
CA 92123. 300

Broadband optical radiometer accurately
measures total radiant power in either
specific wavelength intervals or over a
continuous spectrum in the infrared, visi-
ble and ultraviolet. Priced at $1100,
Model 8330A/8334A is direct reading and
calibrated in absolute units at any wave-
length. It measures irradiance, radiant
flux and radiance. Hewlett-Packard, 1501
Page Mill Rd., Palo Alto, CA 94304. 301
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Literature

“Manual Switches” is a 64-page catalog,
51B, that contains over 300 photographs,
drawings, mounting dimensions, cut-
aways, exploded views and schematic
diagrams of 10 major categories of push-
buttons, indicators and toggle switches.
This is the firm’s first major revision of
its manual switch catalog since 1966.
Micro Switch, A Div. of Honeywell, Inc.,
11 W. Spring St., Freeport, IL 61032. 325

-
Eleetron Tubes
“

.
O
Semiconductor
10971
Price List

“Electron Tubes & Semiconductors 1971
Price List” is a 60-page catalog that covers
more than 23,000 types of electron tubes
and semiconductors including integrated
circuits. Divided into more than 40 sec-
tions, the catalog is available from JSH
Electronics, Inc.,, Box 2898, Dept. NR,
Culver City, CA 90230. 326

Connector products including plate and
molded types are described in this con-
nector design guide. The design and con-
struction of components for wire wrapped
plate systems is covered, and center-to-
center terminal spacings of 0.05 to 0.2 in
are included in this variety of standard
and special configurations. National Con-
nector Div., Fabri-Tek, Inc., 9210 Science
Center Dr., Minneapolis, MN 55428. 327

Plastic molded transistors packaged in a
TO-18 base include 50 new devices added
to a family that offer power dissipation
of 360 mW and a junction temperature
operation of 150°C. Both an interchange-
ability chart, as well as a complete set
of data sheets are available. Sprague
Electric Co., Corporate Technical Litera-
ture Section, Marshall St., North Adams,
MA 01247. 328

5T
1 HIR
IRE posel s 8

“Adjustment Potentiometers, Precision
Potentiometers and Panel Controls” is a
20-page brochure that includes product
photographs, specifications, order infor-
mation and pricing for more than 100
potentiometers. Trimpot Products Div.,
Bourns, Inc., 1200 Columbia Ave., River-
side, CA 92507. 329

. Economy
POWET transistors
fromm Tesay bastraments
. !

@ L

Economy power transistor brochure CB-
124 contains six pages of information on
an expanded line of 41 plastic-encapsu-
lated silicon power transistors. An easy-
to-read chart lists parameters for each
device and arranges them by npn or pnp
construction and by TO-3 to TO-66 pack-
age. A cross reference also is included.
Texas Instruments, Incorporated, Inquiry
Answering Service, Box 5012, M/S 308,
Dallas, TX 75222. 330

Precision switches and typical switch
assemblies are covered in Catalog 72-2.
The 16 pages cover basic switches with
resilient seals and glass-to-metal seals
meeting categories 4 and 5 of MIL-S-8805.
Also included are updated data on HSI
high temperature switches for operation
to 800°F. Haydon Switch & Instrument,
Inc.,, 1500 Meriden Rd., Waterbury, CT
06720. 331

Wire, cable and tubing products catalog
contains 72 pages of descriptions. Products
ranging from hook-up wire and multicon-
ductor cable to coaxial cable and zipper
tubing are included in catalog W-7. Mar-
keting Services Dept., Alpha Wire Corp.,
711 Lidgerwood Ave., Elizabeth, N J
072017. 332

Back panel connector arrays capability
brochure describes a company’s total
packaging concept of manufacturing and
servicing back panel interconnecting
systems. Besides listing the many stan-
dard connector components available,
back panel assemblies, laminated printed
circuit boards, perforated metal plates
and metal connector frame configurations
also are included. Elco Corp., Willow
Grove, PA 19090. 333
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Accuracy Considerations

Gentlemen:

In the July 15 EDN Design Feature,
“Period Averaging Locks Accuracy”, Mr.
Charles Ulrick described an averaging
technique for measuring time intervals
which greatly enhances accuracy and
resolution. Time-interval averaging is
also employed in Hewlett-Packard’s Mod-
el 5326A/B Timer/Counter/DVM, intro-
duced this past February. There are some
differences between the HP approach and
Mr. Ulrick’s, and there are factors affect-
ing accuracy that weren’t discussed by
Mr. Ulrick.

Assume a conventional single-shot time-
interval counter as illustrated in Fig. 1.
When such a counter measures an un-
known time interval, the resolution of the
measurement is equal to the period of the
counted clock frequency—0.1 us in this

in Time-Interval Averaging

INPUT SYNCHRONIZERS

R i I et B I % i a
AMPLIFIER/ | |
(i A 8 v
(T{ali])‘ i TRIGGER + S Q OF— . > =10N
S |
CIRCUITS I |
: — R Q o] { et Ty
| i : T |
| | | :
| =
AMPLIFIER/ | | [ 185 al |
INUTBo 1 TRIGGER } s Q Q cLock | : |
(stop) CIRCUITS { y c GATE | | I
! |
S a : > !
| I | !
(AR w0 ST o] [ N o s, 5" F.5 I : I
10 MHz |
OSCILLATOR DECADE COUNTING :
FIG. 2 (clock) ASSEMBLY L ______ |
READOUT MAIN GATE
CONTROL

case. The accuracy of the measurement,
however, is limited by three major factors:
(1) clock instability, (2) one-count ambigu-
ity, (3) trigger errors in A and B channels
due to noise. These three factors outweigh
several smaller error factors which can
be ignored with the traditional single-shot
time interval technique. However, when

INPUT A AMPLIFIER/ TRIGGER Flme interval averaging is employed, t.he
(start) CIRCUITS improved resolution and accuracy begins
to approach these smaller error factors. At
this point they can no longer be ignored.
Among these error terms are: (1) unequal
INPUT B AMPLIFIER/ TRIGGER g 9
(stop) CIRCUITS
READOUT
MAIN GATE
CONTROL
10 MHz OSCILLATOR DECADE COUNTING
2 »> > ASSEMBLY
> (clock)
FIG. 1
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+ Wants

¢« Inclusion

Dear Sir:

© In reference to your editorial (EDN,
@ September 1) | take objection to your
© omission of the reliability engineer
© from the coalition of experts that is re-
@ quired to put forth a cooperative effort
@ in the development of hybrid technol-
’ ogy. As a reliability engineer who is
> working with the development of hy-
& brid circuit modules, | see the reliabil-
% ity engineer playing a greater role in
5 the challenge of developing reliable
hybrids.

In many cases, classical statistical
@ methodology cannot be applied as it
© was applied in reliability evaluation of
the

less expensive semiconductor
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components; however, one must learn
how to characterize the reliability of
hybrids so that proper design improve-
ment can be made. Remember, the
reliability engineer is concerned spe-
cifically with performance and failure
during the entire life cycle of devices,
and this therefore leads him to con-
cern himself with the design as well as
the manufacturing process.

Finally, to quote your editorial,
“there is a learning curve which must
be negotiated before economy and
reliability can outstrip older technol-
ogies”. | submit that the expertise of
the reliability engineer is essential to
the fulfillment of the goal—reliable
hybrids in the 1970s.

Larry J. Gallace
RCA/Electronic Components

et G e T A A R T R AR

response times of A and B channels, (2)
trigger error due to hysteresis of the
Schmitt trigger.

Fig. 2 illustrates a counter capable of
time-interval-average measurements. The
differences between this counter and the
traditional counter in Fig. 1 are the di-
vider circuits which are used to select the
10" intervals to be averaged and the syn-
chronizer circuits which make certain that
the time-interval average will tend toward
the true value. The synchronizers are the
key difference from Mr. Ulrick’s approach.

The strobe technique which Mr. Ulrick
uses relies on accurately detecting co-
incidence between input and clock pulses
and accumulating their number. As Mr.
Ulrick pointed out, this technique has an
inherent systematic error, since the strobe
pulse cannot truly be an impulse, and
hence true coincidence cannot be detected.
In addition, the propagation delays and
risetimes associated with the TTL gates
used (in particular A7) also produce sys-
tematic errors. As Mr. Ulrick states, this
technique yields a small percentage devi-
ation in readings; however, he does not
specify the measurement accuracy. In
fact, accuracy is questionable for time in-
tervals less than 10 ns.

The synchronizer technique makes it
possible to measure averaged time inter-
vals as short as 150 ps with a maximum
repeatable resolution of 10 ps.

For a more detailed analysis, refer to
these articles in the April 1970 issues of
the Hewlett-Packard Journal: “Timer/
Counter/DVM: A Synergistic Prodigy” and
“Measuring Nanosecond Time Intervals
by Averaging”.

Roger A. Costa

Product Manager
Hewlett-Packard Co.
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Design Data

Application Notes

“Design Guide to High Reliability Low-
Cost Coils” includes selection charts on
electrical tapes, insulating resins and heat
shrinkable tubings to aid the engineer in
choosing the right materials for original
relay design, modification or value analy-
sis. Dielectric Materials and Systems Div.,
3M Co., 3M Center, Box 3050, St. Paul,
MN 55101. 450

“High Density Manual Switches” is an
article reprint that contains a graph com-
paring the efficiency of patchboards, pin-
boards, matrix selector switches, shaft-
type rotary switches, thumbwheel and
leverwheel switches. Cherry Electrical
Products Corp., Waukegan, IL 60085.
451

Computing Counter Applications Library
has been increased by 16 new application
sheets. The Library is a collection of real-
world measurements and computations
made by the HP 5360A Computing Coun-
ter, an instrument which has both com-
puting ability and precision frequency and
time measurement capabilities. Inquiries

‘““High Technology Focus” is an eight-page
report that summarizes findings of two re-
search studies. Brochure lists 109 manu-
facturers of 396 mopEM and multiplexer
products and indicates their production of
couplers, terminals, peripherals, and data
communications systems. High Technol-
ogy West, 1060 Crenshaw Blvd., Los
Angeles, CA 90019. 453

““Series 54/74 Design Loading Rules” is
an application note, 25636-1, that con-
tains three tables of information on dc
loading with normalized fan-out. All dc
load factors are normalized with respect to
a standard gate input. Sprague Electric
Co., North Adams, MA 01247. 454

“Synchro-To-Digital Converters: Pick the
One That Fits the Job” is a four-page fold-
out app note that discusses two funda-
mental but very different methods for
digitizing shaft "angle information pro-
duced by synchro (or resolver) shaft trans-
ducers. Both sampling and tracking are
treated. North Atlantic Industries, Inc.,

“To Make the Best Springs for the Worst
Conditions” is the title of a new eight-page
brochure giving technical data on more
than 30 specialty spring alloys. Data in-
cludes recommended heat treatments,
typical applications, mill limits, packag-
ing information and a selection chart.
Reader Service Dept., Techalloy Co.,
Inc., Rahns, PA 19426. 456

“Testing and Evaluation of Servomecha-
nisms” includes practical information on
the subject. Sections cover servomecha-
nism principles, testing, difficulties and
data interpretation. Ling Electronics,
1515 S. Manchester Ave., Anaheim, CA
92803. 457

Design advantages of machine-wound com-
ponents are outlined for engineers plan-
ning use of servo motors and tachometers.
The technique described permits a 1/3 re-
duction of motor length in comparison to
standard components using conventional
hand-wound stators. Magnetic Compo-
nents Div., Cedar Products, Control Data

Manager, Hewlett-Packard Co., 1601 Terminal Dr., Plainview, NY 11803. 455 Corp., 2300 Berkshire Lane N., Minne-
California Ave., Palo Alto, CA 94304. apolis, MN 55427. 458
452
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R.S. No. Title Page No.
L61 Multiplexing—Today’s Circuits and Systems 2]
L62 Voltage-Controlled One-Shots from Standard ICs 31
L63 Glass—Its Vital Role in Semiconductor Packaging 35
L64 Laser Scans Documents for Remote Readout 41
L65 Customer Engineering Clinic 47
72 EDN December 1,

1.97:0



“We packed even moré
citcuitry into CTS
cerinet 1ésistor networks.

New 8 and

18-lead styles added to 4 & 16-lead

“Series 760 “Dual °In-Line “Packages.

CTS now offers you a choice
of four popular space-saver
packages. Packed with up to
17 resistors per module, round
or flat leads, (no extra cost for
flat leads) they provide an
infinite number of circuit
combinations. All are designed
to simplify automatic insertion
along with IC’s and other DIP
products for reduced costs.
Easy to hand-mount, too.
Available without inorganic
cover coat, so you can trim for
circuit balance in your own
plant. 5 Ibs. pull strength on all
leads; .100” lead spacing;
rated up to 2 wattson 18

lead style.

CTS of Berne, Inc., Berne,
Indiana 46711. (219) 589-3111.

Series 750 edge-mount
cermet resistor packages
available with up to 7
resistors per module in

9 package configurations.

CTS corroration @ 53%
Elkhart, Indiana i/z)

CIRCLE NO. 33

YOUR CTS ANSWER
MAN will be glad to
work with you to pack
maximum circuitry
into your compact
design with this
expanded line of dual
in-line packages.



Introducing RCA’'s new superswitch:
light sensor and power amplifier
on one IC chip!

Choose a medium-speed application that
uses a light sensor. You'll find the circuitry
easier to design when you use the RCA-
CA3062—because there's less to design.

The CA3062 consists of two parallel-
connected photosensitive Darlington pairs
which drive a differential power amplifier
to provide a normally-off and normally-on
output in response to a light input.

Available in a compact, window-ended
TO-5style package, the CA3062 has 100mA
output current capability, and can be oper-
ated atsupply voltagesintherangeof5to15
volts dc. It iscompatible with RCA’s 40736R
infrared emitter. Use it for counter and posi-
tion sensors, optical tachometers, limit
detectors, level scanners, paper web sen-
sors, wheel balancers, and similar devices.

CA3062 Photo Detector and Power Amplifier

FOR: counters

For further details, see your local RCA
Representative or your RCA Distributor.
For technical bulletin, File No. 421, write:
RCA, Commercial Engineering, Section
50L-1 /CA41, Harrison, New Jersey 07029.
International: RCA, 2-4 rue du Liévre, 1227
Geneva, Switzerland, or P. O. Box 112,
Hong Kong.

(5x actual size)

[0 edge monitoring
O position sensor
O isolators

[ inspection

sorters
level controls
intrusion alarms

FEATURES: [ Darlington—connected photosensitive

pairs

100 mA output current capability
(drives a relay or thyristor directly)

5to 15 Vdc supply voltage range

compatible with RCA=40736R IR emitter

PHOTOSENSITIVE

SECTION 4 +V l
|
.

AMPLIFIER SECTION

=

|
CA3062

1

CA3062 $2.95 (1000-unit level)

Light Operated Relay Driver

Integrated Circuits
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