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NORMALIZED FREQUENCY - M

High and Low pass

Precision in a
variable filter

Band Pass, Minimum (26 %) and Octave

Bandwidths

1952 Universal Filter . .. $950. in USA

You don't have to sacrifice precision for
the versatility of a variable filter. The
new GR 1952 Universal Filter gives you
sharp cutoff-rate, flat pass-band
filtering with a unique selection of
operating conditions.

The 1952 offers four switch-selected
filtering modes: low-pass, high-pass,
band-reject, and band-pass. High and
low filters are fourth-order Chebyshev

approximations with 4-0.1 dB pass-band
ripple and initial cutoff rate of at least
30 dB per octave. Since all switching

is done within the instrument, these
fine characteristics are maintained in
all modes and at all frequencies from

4 to 60,000 Hz.

For convenience and accuracy in band-
pass and band-reject operations, the
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Band reject, “*Null", and various ratios of
high-to-low cutoft

high and low filters can be gang-tuned
(with a front-panel switch) to maintain
constant-percentage bandwidth.
Minimum bandwidth in the band-pass
mode is a mere 26% of center frequency
(nearly 1/3 octave), and a ‘‘null"
(infinite attenuation) characteristic is
provided in the band-reject mode.

For complete information, write General
Radio Company, W. Concord,
Massachusetts 01781; telephone (617)
369-4400; TWX 710 347-1051.
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The perfect data acquisition system:

HP has exactly what you want...at
the price you want.

Hewlett-Packard’s data acquisition
line spans the complete capability
spectrum—all with off-the-shelf
availability. From inexpensive data
systems to on-line data reduction—
and everything in-between.

Your standard system is tailored
to your own specific measurement
needs. No costly special engineering
before you take delivery. It's field-
proved, and the safest buy in

Electronics | April 15, 1968

the industry. Prices range from
$8,000 to $47,000.

The popularity of the HP 2010
Series demonstrates the flexibility
of HP data acquisition systems;
over 500 in use today. The new
2012 Series now adds unmatched
speed, accuracy and noise im-
munity to the HP line. HP systems
offer up to nine different output
devices, including printers, type-
writers, tape and card punches and
magnetic tape recorders.

HEWLETT PACKARD

P

b

HP also has combined a measuring
system with an HP computer in the
standard 2018 Data Acquisition
Systems. These systems give you
full control of your measurements,
with on-line, real-time answers.

Looking for the perfect data
acquisition system? You can save
time and money by calling your local
HP field engineer or writing
Hewlett-Packard, Palo Alto, Calif.
94304; Europe: 54 Route des
Acacias, Geneva.

06809
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These ABC’s
spell more

log converter
performance.

You get more with the Hewlett-Packard 7562A Log-
arithmic Converter than with any other instrument of
its kind. It provides DC logarithmic voltage output
from AC or DC input signals, with 80 dB dynamic
range, true RMS detection for increased accuracy and
unprecedented 0.5 Hz to 100 kHz frequency coverage, in
three ranges. Two input voltage ranges 1 mv-10 V or
10 mv-100 V. Fast response to 2 us DC rise time and
60 dB/sec AC slewing speed.

The 7562A is ideal for a wide range of demanding

A.
0.5 Hz t0 100 kHz frequency range

B.
80 dB dynamic range

C.
True RM

applications such as gain-frequency plotting with X-Y
recorders, vibration analysis and semi-log or log-log
plotting. Reliability is assured with rugged, compact,
solid-state construction (including use of IC’s). Use with
scopes, X-Y and strip-chart recorders. A perfect com-
panion for the new HP 3305A Logarithmic Sweep
Oscillator. Price: $995.

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

HEWLETT ﬁ PACKARD
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Readers Comment

In search of protection

To the Editor:

I am afraid that Petar Volkov’s
scr regulator [Feb. 5, p. 88] will
not always work properly; at least,
it will not work with a good trans-
former. For instance, I am working
on an amplifier intended for 120
watts rms at audio frequencies,
using an output transformer and
two 2N3055 transistors. I found that
it needed 42 volts d-c at full load,
about 5 amperes. I calculated the
power transformer output as 45
volts rms; a 5,000-microfarad input
capacitor would do, and the trans-
former output impedance, seen from
the secondary, is about 0.5 ohm.
With no load, the power supply’s
output would be about 60 volts d-c.
However, this is too high—an input
signal would kill one transistor and
then a 115-volt collector-to-emitter
voltage would kill the other tran-
sistor. Therefore, regulation was
needed and Volkov’s design seemed
a likely candidate.

But after making some calcula-
tions I found that if the voltage was
just under the desired 42 volts at
the output, the scr of Volkov’s cir-
cuit would conduct before a phase
angle of 40° was reached, and the
input’s peak voltage would charge
the capacitor to 65 volts—back to
the original undesired condition.
Thus, a huge time constant would
be necessary, and the resistor would
cause much undesired heat. So I am
looking for something else. Perhaps
an ordinary transistor and a diode
in lieu of the scr of Volkov’s design,
or a two-capacitor arrangement.

Allain Le Solleuz
Brest,
France

The author repliesé

As T understand it, you need a
protection against voltage rise dur-
ing no load periods.

A classical solution of this prob-
lem is not to use a C-input filter
at all (as you and I did, T guess),
but rather an L-input filter supplied
with the necessary bleeder.

If weight and volume are to be
kept to a minimum, then I suggest
you use the scr regulator in my
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Add Sprague Series 7400A
to your prints for
Series 74N T'TL circuits.

They’re pin-for-pin identical.

SERIES 74N FUNCTION SPRAGUE PART NO.
SN7 400N Quad 2-Input NAND USN-7400A
SN7401N Quad 2-Input NAND (No Collector Load) USN-7401A
SN7402N Quad 2-Input NOR USN-7402A
SN7410N Triple 3-Input NAND USN-7410A
SN7420N Dual 4-Input NAND USN-7420A
SN7430N Single 8-Input NAND USN-7430A
SN7440N Dual 4-Input NAND Buffer USN-7440A
SN7450N 2-Wide 2-Input Expandable AND-OR-INVERT USN-7450A
SN7451N 2-Wide 2-Input AND-OR-INVERT USN-7451A
SN7453N 4-Wide 2-Input Expandable AND-OR-INVERT USN-7453A
SN7454N 4-Wide 2-Input AND-OR-INVERT USN-7454A
SN7460N Dual 4-Input Expander USN-7460A
SN7470N D-C Clocked J-K Flip Flop USN-7470A
SN7472N J-K Master Slave Flip Flop USN-7472A
Dual J-K Master Slave Flip Flop:
SN7473N Single chip, pin 11 GND USN-7473A
— Single chip, pin 7 GND USN-74107A
SN7474N Dual D-Type Edge-Triggered Flip Flop USN-7474A
— Dual AC Clocked J-K Flip Flop USN-7479A

Series 5400, full-temperature-range equivalents in 14 pin flat-packs,
are also available for rapid delivery from Sprague.

| ™% \1

Don’t spend another week
without calling Sprague.

For complete technical data on Series 5400 and 7400A
circuits, write to Technical Literature Service, Sprague
Electric Co., 35 Marshall St., North Adams, Mass. 01247

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

SPRAGUE

THE MARK OF RELIABILITY

485-7134R1
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Bolt a new METERMATE
to any panel meter

...it's asingle-ended D.C. voltmeter
.. it’s a high impedance differential voltmeter
.. it’s alog scale D.C. voltmeter
..it’s a log ratiometer D.C. voltmeter
.. it’s a “you-name-it-we’ve-got-it” meter

Now standard panel meters read voltage at high source
impedances. METERMATES for various functions mount
flush at the rear of the meter and fit within the length of the
meter terminals — take no extra space, install easily. Ranges
are altered simply by changing one external resistor value.

METERMATES are available as individual units or with com-
panion meters in a complete selection of types and ranges.
Call your Philbrick/Nexus sales representative for complete
specifications, prices and applications assistance. Or write,
Philbrick/Nexus Research, 22 Allied Drive at Route 128,
Dedham, Massachusetts 02026.

p
H”-‘ihwx NEXUS

ETER MATE
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circuit, followed by a transistor
d-c stabilizer. Here the scr regu-
lator is used only to cut the power
dissipation in the transistor d-c sta-
bilizer (as much as 50%).

I must warn you that this scr
regulator has a ripple in the output;
this is inherent in its trigger operat-
ing nature. But such a d-c voltage
is good for loads like relays, signal
lamps, electromagnetic valves and
small d-¢ motors.

Petar Volkov
Zagreb,
Yugoslavia

Seen in a different light

To the Editor:

The particular point we wish to
make pertains to the cover picture
on your March 4th issue and your
comments on page 81 as follows,
“On the cover, six of these arrays
are appropriately lighted to depict
a running figure.” A casual exam-
ination of the front cover reveals
that the picture has been assembled
from six photographs of the same
matrix rather than from six ma-
trixes.

This may appear to be a minor
objection, but, examined more
closely, it has deeper significance.
There are only a few manufacturers
with proven capabilities of fabri-
cating light-emitting diode arrays
and the relative capabilities of these
companies are largely determined
by their ability to improve emission
efficiency and display area. The
display device on your cover is one-
sixth of the area shown; it is x-y
addressed and, therefore, multiple
exposures were used to create the
photographs—with multiple expo-
sures the apparent brightness can

be artificially altered; not all seg-
ments are illuminated and, in fact,
eight of the diodes are not illumi-
nated in any of the pictures.
Through the use of art work and
scientific photography a deceptively
attractive display has been assem-
bled.

Bowmar Canada Ltd. in 1965
fabricated a 7 x 9 matrix of infrared
diodes on a single 0.2” x 0.3” sub-
strate and, the same year, a matrix
of red-emitting gallium arsenide-
phosphide diodes of equal size. Sub-
sequently we have developed mono-
lithic arrays of gallium phosphide
diodes with individual access which
permit simultaneous exposure of
each data point. The status of our
display laboratory in the North
American marketplace hinges on
our ability to build advanced dis-
play devices.

While we realize that modern ad-
vertising will always present an ex-
aggerated impression of the state
of the art, we feel that your edito-
rial comments should be carefully
weighed to prevent presentations
of the form described above.

Robert D. Rinehart
Vice president, Operations
Bowmar Canada Litd.

= As Robert Rinehart says, even
the most casual examination of the
cover shows that the same matrix
was used six times. We did not ex-
pect our readers to draw the infer-
ence, from our description, that six
different matrixes were used.

Readers’ letters should be addressed:
To the Editor,

Electronics,

330 West 42nd Street, New York,

N.Y. 10036
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“Four to six weeks
for power supply
delivery? .

Forget it!

Acopian will ship
any of their
62,000 different
AC to DC plug-in
power supplies
in just 3 days!”

| This catalog lists

| 62,000 models of
AC to DC plug-in

| power supplies

| available for ship-

| ment in just three

|

days. Choose the
exact outputs you
need. Singles or
| duals, regulated
or unregulated.
Write or phone for
| your free copy.
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Acopian Corp., Easton, Penna. 18042
Phone: (215) 258-5441
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collage

The Year of the
Marathons ... (3

one for Bikelo,
m%m'

1964, to most
everyone, is best
remembered as the Z
year in which
Bikela Abebe of
Ethiopia won the =
Olympic marathon
in the record time
of 2h.12m.11.2s.
Without wishing to denigrate this achieve-
ment, it should be noted that 1964 was also
the year in which Motorola was party to a
space shot that set many marathon records.
The shot was Mariner 4, launched at Mars in
November, 1964. One of the records is for
long distance communications: signals were
received from more than two million miles out
in space. The second record is for distance
traveled. Mariner 4 traveled more than 350-
million miles just getting to Mars; and kept
going strong, logging more than 1.5-billion
miles before finally being shut down by JPL
in late December of 1967. While NASA/JPL
deserve most of the credit for these records,
we want the world to know that it was our
CW transponder and Flight Command subsys-
tem that made vital contributions to the com-
munications and guidance of the now ancient
Mariner, thereby making these records pos-
sible. Just about the time Mariner 4 celebrated
its third anniversary, the boys at JPL com-
manded it to break lock on the guide star
which had been controlling its attitude
throughout most of its journey, and all sys-
tems, including ours were still in fine shape.
If these monumental achievements don't im-
press you, our Aerospace Center communica-
tions people would like you to write and tell
them what does.

KeePING
SAM iN

Does your small tactical missile wander
aimlessly about the sky, seemingly more
interested in sight-seeing than hitting
whatever you aimed it at? Well, now

you can simmer down. Our Guidance
Systems R&D experts have bread-
boarded some highly advanced ideas for
improving the guidance system of SAM,
a small tactical missile its deployers
would like to keep on target. The im-
provements are in the realm of doppler
modulation techniques which help
attain more rapid acquisition and im-
proved range resolution. Some achieve-
ments are: an advanced phase
monopulse antenna, multiple modula-
tion techniques that operate with a
single illuminating radar system mode,
and improved microwave integrated
circuits. If you have a SAM of your very
own...or a Gus, a Ben, or even a Far-
ley, maybe we can help guide it. Send
a missive to the Guidance Programs
Office at our Aerospace Center.

\ ‘Shape Up,| !
A\ Lnjildels

\

How many
of you
would
know what
to do if we
dropped anl|
MR-300 on
your door-
step?
Would it
help if we
told you it is also called the AN/
FRC-147(V)? Probably not; so listen.
The MR-300 is the world's greatest
solid state microwave equipment.
That’s because it has silicon transis-
tors for ultra-reliability, a 2-watt
long-life klystron that assures a full
1-watt (+ 30 dbm) power output to
the antenna, a 600 channel capacity
using SSB multiplex or equivalent
loading, a low noise receiver featur-
ing optional tunnel diode amplifier,
and lots of other nice things. Write
to the Microwave Program Office
at our Chicago Center for a stirring
spec sheet. Who knows, we just
might leave an MR-300 on your
doorstep. So be prepared.

Aerospace Center Dept. 2008
8201 E. McDowell Rd., Scottsdale
Arizona 85252, Phone (602) 947-8011
Chicago Center Dept. 985
1450 N. Cicero Ave., Chicago,
Illinois 60651, Phone (312) 379-6700

(M) MmoTOROLA

Government Electronics Division
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People

The Electronic Systems division of
the TRW Systems Group is chang-
ing its ways, says Paul F. Glaser,
41, the divi-
sion’s new as-
sistant general
manager for
projects. He
notes that where
the division—as
well as the en-
tire systems
group—has tra-
ditionally been in the space busi-
ness, with its few-of-a-kind pro-
duction requirements, there is a
thrust now to get into more sus-
tained production. “One of the di-
vision’s changes of pace has been
toward hardware production and
away from the image we have of
being an analysis and study
house.” To back up this change,
the division is adding a facility in
Manhattan Beach, Calif., which
will have 500,000 feet of manufac-
turing space.

“We're developing a capability
for quick reaction—an ability to
turn designs into hardware with
a short turnaround time. An in-
creasingly larger amount of our
efforts are going into avionics sys-
tems, including electronic counter-
measures equipment. We're doing
this because we foresee such things
as v/stoL aircraft and the super-
sonic transport requiring com-
mand, control, and communications
systems as complex as those used
in some of the space systems we
provide.”

New direction. Glaser concedes
that ~Nasa’s fiscal plight has been
a factor in reorienting his division.
“We're now building spaceborne
programers and data processors,
but we’ve also made proposals on
this kind of equipment for aircraft
that could lead to reasonably high
production volumes.” Glaser esti-
mates deliverable hardware now
represents about 20% of the divi-
sion’s business; he expects that fig-
ure to double in five years.

He also predicts drastic changes
in electronic equipment design
over the next decade because of
the influence of large-scale integra-
tion. Glaser says TRw officials had

Glaser
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The ML-EEG4Y is the smallest 10 kv (peak) switch tube—and the
smallest 10 kv (peak) regulator tube you can buy.

ML-EE64Y gives you up to 36 free cubic inches per tube, and
doesn’t require a socket. It offers you a 12 amp peak

current, high signal sensitivity, and a simple BeO heat sink with
no other cooling required. The ML-EE64Y provides tabs

for simple, low-cost connection.

For complete data, write to Machlett—the tube specialist

most responsive to customer needs—today. The

Machlett Laboratories, Inc., 1063 Hope Street,

Stamford, Connecticut 06907.

Why use this tube...for high voltage switching
or voltage regulation...when this one is better?

Electronics | April 15, 1968

BB \VIL-EE64Y
Actual size.

THE MACHLETT LABORATORIES, INC.

SUBSIDIARY OF RAYTHEON COMPANY
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Breakthrough by Dearborn!

100 uF @ 50V

in 1” x 3%¢’ metal-encased

METALLIZED POLYCARBONATE-FILM CAPAGITORS

$ Capacitance range of Dearborn DIMIE®
Series now extended to almost 18 times higher than
previously-available values!

A new order of size and stability in capacitors
for critical low-voltage miniaturized circuits.

$ Rated for operation at temperatures to
-+125 C without derating.

Low loss characteristics, high current-carrying
capabilities—ideally suited for specialized a-c and
r-f applications.

For complete technical information,
write to Dearborn Electronics, Inc.,
Box 530, Orlando, Fla. 32802.

(a subsldmry of the Sprugue Electric Compuny]

Electronics, i

 FOREMOST IN FILM CAPACITOR!

1D-7101R1
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People

this in mind when they worked
out plans for the new home for
4,400 Electronic Systems division
employees.

“We wanted to bring engineer-
ing and manufacturing very close
together,” Glaser says, “because
there’s such a close tie between
the chemist, physicist, designer,
and manufacturer. It will be hard
to say where physics stops and
manufacturing begins.”

Walter B. LaBerge, who has just
stepped into the top post at the
Philco-Ford Corp.’s electronics
group, is con- :
vinced defense
spending is
about to level off
—perhaps even
taper off. This
thrusts upon the
new Philco-Ford
vice president

the task of chan- LaBerge
neling his divisions” resources to
provide the nonmilitary area with
an increasing share.

“Fortunately,” says the 44-year-
old LaBerge, “our six defense,
space, and industrial electronics
divisions have long experience in
communications and digital han-
dling, experience that is in grow-
ing demand in the civilian sector.”

Emphasis. LaBerge, who has a
Ph.D. in physics from the Univer-
sity of Notre Dame, is quick to
point out that defense needs will
still run high. “We’ve learned two
lessons in Vietnam. First, we know
that we’ll have to continue putting
our defense dollars into weapons
for that kind of war. Second, com-
mand and control problems—tac-
tical, strategic, and logistic—will
receive greater emphasis.” This,
adds the Philco-Ford executive, is
right down the alley of two of his
divisions, wor. and Communica-
tions and Electronics.

The company is already apply-
ing the antenna technology used
to track satellites for the commun-
ications subsystem of the Bay
area (San  Francisco-Oakland)
rapid transit system, and for work
related to California’s water re-
sources.
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In less time than it takes
to read this page, you could learn to use
this new Universal Impedance Bridge.

Ready? One, two, three, go.

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

measurement.

1. Select the function you want.

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

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

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

Electronics | April 15, 1968

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

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

Ask your Hewlett-Packard field engineer for
a demonstration. Or write us for complete
specs: Palo Alto, California 94304. Tel. (415)
326-7000. Europe: 54 Route des Acacias,
Geneva.

HEWLETT ﬁ PACKARD

An extra measure of quality.

3 Obtain a null with the

CRL dial. Now, read your

1844
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TO YOU DESIGNERS

DEDICATED TO

BUILDING SIMPLER,

LOWER-COST

SILICON POWER CIRCUITS

Nowadays, complementary symmetry is the way to
go when you’re after more economy and less com-
plexity in the power portions of your industrial circuit
designs.

You get all the circuit-simplifying advantages of
direct-coupled, complementary symmetry plus rea-
lize a higher degree of frequency stability in both ac
and dc-driven loads without the addition of expen-
sive, impedance-matching driver transformers.

And Motorola has the broadest 3-to-30-ampere,
NPN/PNP silicon power transistor line available any-
where for the widest range of cost-cutting, direct-
coupled application possibilities in the industry — 27
silicon power pairs . . . headed by the unique 30 A,
200 W units . . . in your choice of voltage, gain and
power capability.

Complement your new design proto-
types with one of Motorola’s 3-to-30-
ampere silicon power pair kits . . .

I s

HIGH-PERFORMANCE ALL SOLID-STATE.
‘SERVO AMPLIFIERS.

available for a limited time for 30%
below list price! We'll include two in-
formative industrial application notes:
““High-Performance All Solid-State

s () e

Servo Amplifiers,’” and ‘“Complemen-

wea tary Solid-State Audio Amplifiers’’
that discuss at length phase shift re-
duction and easy conversion to trans-
formerless operation. Just fill in and
mail the coupon to receive this out-
standing ‘‘3-to-30 offer"’.

COMPLEMENTARY SOLID-STATE
AUDIO AMPLIFIERS

)

MOTOROLE S mabeeios rvees i

Pair up with silicon power!

(AN225, AN230)

GROUND PLANE

Ry

2N3904
(2

sV
5 Q,

OUTPUT

Cy 0.25 uF

Ryg 510
2w

All resistors + 5% =

All resistors 1/2 watt unless otherwise specified
Qg and Qg mounted on heat sinks with case to-ambient thermal resistance £ 3.5 C/watt (each transistor)
(]'1 and 05 mounted on heat sinks with case-10-amblent thermal resistance S 18 C/watt (each transistor}

1N4728

104F, 10V
5108 4

i

£10% Q
2021w 2N3790

852 Load

Qg

2N3714
39038 0 Bl 1w
25V ~3s5v

* Rgg ~ AS REQUIRED TO GIVE 20-40 MILLIAMPS QUIESCENT CURRENT IN Q; AND Qg
ALL RESISTORS 1/2WATT, 5% UNLESS OTHERWISE INDICATED.

COMPLEMENTARY SILICON POWER SERVO AMPLIFIER
Both ac and dc-driven loads can be utilized with this simple, compact
amplifier which will drive 20 V (RMS) in a 40Q load, giving an output
of 10 W. Voltage gain at 25°C is 37 dB and gain variation over —55°
to +100°C operating range is within =5 dB. Power gain is 60 dB
(min). Harmonic distortion is less than 5%, at all levels up to 20 V
(RMS) and is typically less than 19 at 25°C.

~whene the piceless inqrediont & cane!

12

COMPLEMENTARY SILICON POWER 50 W AUDIO AMPLIFIER
Excellent frequency response — 5 cycles to 300 kHz — is obtainable
with this industrially-oriented amplifier. It can provide 65 W at 20 Hz,
72 W at 1 kHz and 68 W at 20 kHz. Flat frequency response results
from 100 Hz to 20 kHz, being down only 0.35 dB at 20 Hz. Phase
shift is 18° at 20 Hz and 6° at 20 kHz.

Electronics | April 15, 1968



... OUR COMPLEMENTS.

MOTOROLA 3-TO-30 A COMPLEMENTARY SILICON POWER

Ic Vceo

Type VcE(sat) NPN/PNP
Max. | Volts hre Po c fr Regular Combination
Amps | (sus) Package NPN PNP @ Ic Watts Volts (max) MHz Price (1-99)
40 2N4921 2N4918 3 $ 298
60 Case 77 2N4922 2N4919 20/100 @ 500 mA 30 06 @1A 3 3.38
80 2N4923 2N4920 3 4.05
3 40 2N3506 2N3867 40/200@ 1.5A 0.75@ 1.5A 60 26.50
40 2N4237 2N4234 30/150 @ 0.25 A 06 @1A 3 5.25
60 TO-5 2N3507 2N3868 40/200 @ 1.5 A 6 0.75@ 1.5A 60 29.95
60 2N4238 2N4235 30/150 @ 0.25 A 06 @1A 3 6.35
80 2N4239 2N4236 30/150 @ 0.25 A 06 @1A 3 7.05
40 2N5190 2N5193 3.58
60 Case 77 2N5191 2N5194 25/100 @ 1.5A 30 06 @15A 4 4.00
80 2N5192 2N5195 5.95
4 40 2N4910 2N4898 3 3.50
60 TO-66 2N4911 2N4899 20/100 @ 0.5 A 25 06 @1A 3 4.40
80 2N4912 2N4900 3 5.00
40 2N4913 2N4904 25/100 @ 2.5 A 10 @25A 5.75
40 2N5067 2N4901 20/80 @1A 04 @1A 4.55
60 2N4914 2N4905 25/100 @ 2.5 A 87.5 10 @25A 4 7.05
5 60 TO-3 2N5068 2N4902 | 20/80 @ 1A 04 @1A 5.55
80 2N4915 2N4906 25/100 @ 2.5 A 1.0 @25A 9.80
80 2N5069 2N4903 20/80 @1A 04 @1A 7.10
60 2N3713 2N3789 25/90 @1A 10 @4A - 13.30
60 TO-3 2N3715 2N3791 50/150 @ 1 A 150 10 @5A 4 17.20
10 80 2N3714 2N3790 25/90 @1A 10 @4A 4 15.35
80 2N3716 2N3792 50/150 @ 1 A 10 @5A 4 21.60
15 60 TO-3 2N3055 2N4908 20/70 @4 A 115 1.1 @4A 1 11.15
40 2N5301 2N4398 18.10
30 €0 TO-3 5N5302 2N4399 15/60 @ 15A 200 10 @15A 4 21.10

Case 77

Name Title
Company Div/Dept.
Address City State

(Be sure to include check for appropriate kit ordered payable to Motorola Inc. Mail to Motorola
Semiconductors, Box 955, Phoenix, Arizona, 85001. Offer void after June 1, 1968.)

“3-30” PAIR-UP-WITH-SILICON-POWER OFFER

The silicon power pairs below are offered at 30% below regular,
combination, NPN/PNP, 1-99 list prices. Pair me up with a:

— 3 A, 80V 2N4923/4920 Kit . . .
3 A, 80 V 2N4239/4236 Kit . . .
, 80 V 2N5192/5195 Kit . .
, 80 V 2N4912/4900 Kit . .

— 4A
— 4A
5A

, 80 V 2N5069/4903 Kit . . .
—10 A, 80 V 2N3714/3790 Kit .
—30 A, 40 V 2N5301/4398 Kit .

Special ‘‘3-30”

Special ““3-30”

. Special “3-30"

. Special “3-30”
Special “3-30”

. . Special “3-30”
. Special “3-30"”

kit price $ 2.75
kit price $ 4.95
kit price $ 4.15
kit price $ 3.50
kit price $ 495
kit price $10.75
kit price $12.65

All kits include AN225 on Servo Ampllflers and AN230 on Audio
Amplifiers.

Send me data sheetsonthe A,

“3-30” PAIR-UP-WITH-SILICON-POWER OFFER

MOTOROLA Semiconductors

Electronics | April 15, 1968
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Application For I

|FET :
|SWITCHES |

o e

PROBLEM: Use one flat pack to switch
two * 10 V signals . . . and drive with

l 5 V logic.
e OUT ’

& 0UT

g Cing
Sl e
— —

=

nh

T

l REQUIRED: Two switching channels
completely contained in one package
. . . Delay less than1 uS . . . Inverting
logic (logic low — switch OFF) . . .

' -55°C to +125°C operation.
GIVEN

1. e;n 210 V.

2. DTL logic — output swing
is5V.

3. Available power supplies:

+5V, +10V, -20 V.

gt 10V ;‘ll
W P Voo

=2
z

DGIIIF

<

Yy

Ver

' SOLUTION: Siliconix DG111F - Both
l channels complete in one package,
MOS FET switch and bipolar driver
. . no other parts needed. Connect
DTL output to driver input, ground
l “R”,Vgc to +10, P and Vg to -20,
apply ein to source and drain is output.
Tight packaging your hang up? Con-
i tact us for applications assistance or
write for our free FET Switch and
Driver Data Packet.

!
L=
;
ISiIiccmix incorporated i

1140 W. Evelyn Ave. ® Sunnyvale, CA 94086
I Phone (408) 245-1000 ® TWX:910-339-9216
[ N B _§ B N |
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Meetings

Southwestern Conference and
Exhibition, IEEE; Sheraton Lincoln
Hotel, Houston, April 17-19.

Symposium on Automation Techniques
in Industry, Institution of Electronics
and Radio Engineers; Paisley, Scotland,
April 17-19,

State of the Art Seminar: Components
and Devices in System Applications,
Purdue University; Lafayette, Ind.,
April 19-May 25.

Conference on Switching Techniques,
IEEE and Institution of Electrical
Engineers, Institution of Electronic and
Radio Engineers; London, April 21-25.

Conference for Protective Relay
Engineers, Texas A&M, University;
College Station, Texas, April 22-24.

Chemical and Petroleum Instrumenta-
tion Symposium, Instrument Society of
America; Hotel du Pont, Wilmington,
Del., April 22-23.

Frequency Control Symposium, U.S.
Army Electronics Command; Shelburne
Hotel, Atlantic City, N.J., April 22-24.

Region Ill Meeting, IEEE; Fontainebleau
Motor Hotel, New Orleans, April 22-24.

American Power Conference, |IEEE and
lllinois Institute of Technology;
Sherman House, Chicago, April 23-25.

Fiber Optics History Technology and
Applications, Society of Photo Optical
Instrumentation Engineers; Holiday Inn,
Baltimore, Md., April 29-30.

Relay Conference, National Association
of Relay Manufacturers and School of

Electrical Engineering, Oklahoma State
University; Stillwater, Okla., April 23-24.,

Cybernetics Conference, IEEE; Munich,
West Germany, April 23-26.

Spring Joint Computer Conference,
American Federation of Information
Processing Societies; Atlantic City, N.J.,
April 30-May 2.

Symposium and Equipment Show,
American Vacuum Society; Grand Hotel,
Anaheim, Calif., May 1-3.

Human Factors in Electronics
Symposium, IEEE; Mariott Twin Bridges
Motor Hotel, Washington, May 6-7.

National Conference on Aerospace
Meteorology, American Institute of
Aeronautics and Astronautics;
New Orleans, May 6-9.

Technical Conference and Exhibit,
American Society for Quality Control;
Sheraton Hotel, Philadelphia, May 6-8.

Electronic Components Technical
Conference, IEEE; Everglades Hotel,
Marriott Twin Bridges Motor Hotel,
Washington, May 8-10.*

Short Courses

Data communications for management
control, the American University,
Washington, May 20-23; $175.

Computer-aided testing and failure
diagnostics of solid state systems,
University of Wisconsin, Madison,
May 23-24; $50.

Digital control fundamentals,
Milwaukee School of Engineering,
Milwaukee, June 3-7; $150.

Call for papers

Conference on Tube Techniques, IEEE;
United Engineering Center Auditorium,
New York, Sept. 17-19. May 15 is dead-
line for submission of abstracts to
George Freedman, The Raytheon Co.,
Microwave Power Tube Division, Willow
St., Waltham, Mass. 02154

Ultrasonics Symposium, IEEE; Statler-
Hilton Hotel, New York, Step. 25-27.
July 15 is deadline for submission of
abstracts to R.W. Damon, Sperry Rand
Research Center, 100 North Rd., Sud-
bury, Mass. 01776

Allerton Conference on Circuit and Sys-
tem Theory, IEEE; Allerton House, Mon-
ticello, Ill., Oct. 2-4. Aug. 1 is deadline
for submission of abstracts to T.N.
Trick, Department of Electrical Engi-
neering, University of lllinois, Urbana,
111, 61801

Circuit Theory Symposium, IEEE; Hilton
Plaza Hotel, Miami Beach, Fla., Dec.
4-6. Aug. 1 is deadline for submission
of papers to B. K. Kinariwala, Depart-
ment of Electrical Engineering, Uni-
versity of Hawaii, Honolulu, Hawaii
96822.

* Meeting preview on page 16.

Electronics | April 15, 1968



Is there an AC digital
voltmeter anywhere

that can measure this
waveform accurately?

R BT
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« == s« « And this one too?
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There is now! The new Fluke 9500A
true rms automatic digital voltmeter reads these
complex waveforms to an accuracy of +0.05%.
And if you know your AC’s, that’s progress.

Another DVM on the market? Usually
that’s good for a ho-hum. But as we've
said above, if you know your ac’s, that’s
not the case with the new Fluke 9500A.
It’s the first automatic ac voltmeter capa-
ble of reading and digitally presenting
the true rms value of any input—regard-
less of waveform—to 0.05% absolute ac-
curacy (50 Hz to 10 KHz).

Frequency response is broad, 20 Hz to
700 KHz. The Model 9500A accepts
voltage from .001 to 1100 volts rms in
five ranges, each with 20% overranging.
Range selection is automatic or manual.
Crest factor of 10 virtually eliminates ef-
fects from voltage spikes or pulse trains.

Low capacitance, high resistance input
minimizes loading effects.

Self-calibration is automatic whenever
the instrument is turned on. On-line self-
calibration is either automatic or manual,
selectable by front panel switching. All
controls and indicators, conveniently lo-
cated on the front panel, are easy to use
and understand. Complete control of the
9500A is possible from a remote facility
if desired.

Price of the Model 95004, including
rack adapter, is $2,485. Extra cost op-
tions include a probe input ($75), rear
panel BNC input ($50), and 1-2-4-8 or
1-2-2-4 BCD digital outputs ($195). For

complete information, please call your
full service Fluke sales engineer (see
EEM), or write directly to us here at the
factory.

Fluke. Box 7428, Seattle, Washington 98133.
Phone: (206) 774-2211. TWX: 910-449-
2850. In Europe, address Fluke Internation-
al Corp., P.O. Box 50 Ledeboerstraat
27, Tilburg, Holland. Telex: 844-50237. In
the U.K., address Fluke International Corp.,
P.O. Box 102, Watford Herts, England.
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ALPHANUMERIG,
DIGITAL AND
SPECIAL READOUTS

Sixteen segments; full
Iph ic pr t
tion; 65,000 character
combinations.

Seven segments; 10
digits, 11 alphabetic
characters, plus deci-
mal point/degree sign.

Special characters pro-
duced to order.

ALL WITH OPTIMUM CONTRAST
AND ALL FROM TUNG-SOL

Optimum contrast in Tung-Sol readouts results from
the molecularly bonded, flush-surface filter. The use
of a new 20 mil lamp sharply reduces the load factor
while maintaining good brilliance. Heat is minimized
and reliability is substantially improved. Tung-Sol
readouts are designed to be inter-mixed. All charac-
ters have the same vertical dimension for accurate
in-line display. Viewing angle is 150°. Displays can be
supplied in color.

MOUNTING FLEXIBILITY

POSITIONING FASTENING
FLUSH RECESSED PROTUDING EARS BRACKETS CLAMPS

Write for fully explanatory brochure T-431. Tung-Sol
Division, Wagner Electric Corporation, One Summer
Avenue, Newark, New Jersey 07104.

TUNG-SOL

OPTIMUM CONTRAST
READOUTS

®REG. T.M. WAGNER ELECTRIC CORPORATION

Circle 16 on reader service card

Meeting preview

New spirit

The Electronic Components Con-
ference, threatened with extinction
a few years ago by the onrush of
complex monolithic integrated cir-
cuit technology, is again back in
the thick of things, with thick
films. Along with the regular ses-
sions on materials, packaging, and
manufacturing, this year’s confer-
ence, scheduled for Washington,
May 8 to 10, will, for the first time,
have two thick-film sessions.

Better performance. Among the
speakers in this area will be Brian
Dale, chief engineer at Sylvania’s
Semiconductor division, whose pa-
per will cover the use of thick-film
packaging techniques for fitting
beam-lead devices to both hybrid
microcircuits and inexpensive car-
riers. This is a process that elim-
inates double packaging, and
makes possible air-isolated circuit
components, resulting in improved
high-frequency performance.

Other topics to be covered in
the thick-film sessions are cermet
resistors, screen-printed capacitors
and high Q dielectrics.

Also scheduled is a session on
integrated components and filters.
In this session three Boeing engi-
neers, V.C. Hughes, O.R. Mulkey,
and M.H. Williamson, will de-
scribe how a thin-film hybrid tech-
nique was used to fabricate 17 dif-
ferent audio frequency RC filters
with tolerances of 0.1%.

Filter design. In the same ses-
sion, J.M. Giannotto, a researcher
with the U.S. Army Electronics
Command, will discuss the use of
energy-trapping  techniques in
acoustical filter design. He will
cover the deposition of both thin
films of cadmium sulfide and res-
onators on quartz wafers, a proc-
ess that obtains the electrical per-
formance of conventional filters
while cutting size.

Two Westinghouse engineers,
M.B. Shamash and S.G. Konsow-
ski, will describe their work in
packaging in a paper on the use
of nonporous thin-film dielectrics
and shadow printing of high-reso-
lution conductors.

For further information contact William S.

Hepner Jr., Electronic Industries Association,
2001 Eye Street NW, Washington, D.C. 20006
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We make planar power.

Not excuses.

SWITCHING TIME
1 ton|toff [@Ic| @ *I TYPE
hFE Veeo (mg‘-) VCe(sat) PT n°s" :s @Ac @":AB
25 min. 0.5V max.
&2 Tov | 40V 3A @ 1A 01A 35| 75| 1.5| 150| 2N4225
80 _min. 5A | 0-75V max. B-143002, 5, 8
@ 3A, 10V @ 3A, 0.3A B-143017, 20, 23
—.——_—205'2"‘1‘0\/ 40 to 80V e (1@\/57\136'5/\ tzé-,w 40 (300 | 3.0| 300 g:wgggg: g:g
ek 28 50W B-146002, 5, 8
T ton [STE0% P2 5180093 1 3
@ , @ ’ 60W < » 3,
225|600 |10 |1,000
20 min. 1o 100K 20A | 1.5V max. [100W B-148000, 1, 4
@ 10A, 5V @ 20A, 4A 60W B-155000, 1, 4
(SATURATED SWITCHING TEST CIRCUIT DIAGRAM FOR B-148000 & B-155000)
& MowToR ¢ Maximum Switching Times: td < 25 ns;
i 5:\ o T wee tr < 200 ns; ts < 300 ns; tf < 300 ns.
[ i | i g Test Conditions: V;, — 70V when generator
+veso—4 o with 50Q internal impedance is terminated in a
TI TEKTRONIX PART# 015-04
s z80e) Smvimal 509 load. VBB = — 5V; VCC — 55V; IC =~ 10A; < =
03 yF TO- TO-61
Toe s IB,= 1A; IB;= 1A; tp = 400 ns; f =720 Hz. Liclated

Ever been handed the line: “Seems we have every
type but the one you want—could we interest you in
something else?”’ Excuses, excuses. It’s nice to know
3endix doesn’t need to make them. Fact is, you never
have to compromise when selecting our silicon planar
power transistors. We make over 100 different types,
in 8 different packages, with collector currents of 3,
5, 10 and 20 amps, rated Vogp's from 40 to 100 volts.
Contact us for postradiation gain data.

All Bendix planar power transistors are SOAR

(Safe Operating ARea) specified to prevent second

Bendi Electronics

Chicago—(312) 637-6929; Dallas—(Z 1972; Detroit—(313) 548 0; East Northport, N.Y.

Neck, N.Y.—H. V. Sales . (516) HU 7-1142; Greenw , Conn. ) ) 869- ; Holmdel, N.J (
861-8350; Los Angeles- 3) 776-4100; Minneapolis—(612) 9 163 ( 41-¢ 5t
nemede, N.J.—(609) 93 0; Seattle- ay Johnston Co., Inc. ( / Cat £ 3
973-2121; Ottawa, Ont.—Computing Devices of Canada, P.O. Bo» 3 (6 300; San Juan, Puerto Rico

723-3879.
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on the standard 1 p-sec
I/C memory system
that packs 1/2 million
bits in a single

51/4” high unit.

That's the ICM-40. A fast, highly reliable core
memory system that's ready to meet your
system requirement.

And when you say so, we'll give you 3-week CFS
(Certified Fast Shipment) under our accelerated
shipment plan.

What's more, the ICM-40 is a standard product. ..

a proven performer with over 5,000 hours of life test
without failure. Plus, some 400 actual installations;
same success rate. What you'd expect from the most
experienced memory maker.

1/C Construction — The ICM-40 is a 1 microsecond,
full-cycle, magnetic core memory designed for
operation as a high-speed random-access store. It is
a basic system module that takes maximum
advantage of the high reliability and low power
consumption of integrated circuitry.

Packaging — Compactness and a high degree of
maintainability are achieved in the ICM-40 design by
packaging all of the circuitry on readily accessible,
removable circuit modules.

Capacity — The ICM-40 packs nearly 1/, million bits in
a single 5',” high module. The basic unit can be
specified for up to 16K words, 4-26 bits per word. It's
big brother, the ICM-40E with capacities of 32K
words, 4-78 bits per word is available with

60-day CFS.

If you've drawn a block marked *“‘core memory"
recently, why not find out more about the ICM-40/40E.
You'll be pleased by their versatility. And the
standard-product pricing. And our Certified

Fast Shipment commitment.

Now, don't you think it's about time you called us?
Or, write Honeywell, Computer Control Division,
Old Connecticut Path, Framingham,
Massachusetts 01701.

Honeywell

COMPUTER CONTROL

DIVISION

Circle 19 on reader service card
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Fairchild is introducing a new in-
tegrated circuit every week. The
last two months look like this.
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Which

IC Test System
does all
these things?

DIAGNOSTIC COMPUTER
PROGRAMS automatically check
out system operation.
AUTOMATIC SELF-CHECKING

DATALOG A FORCING FUNCTION, assures accurate data transfer

such as the input threshold
level of a flip-flop needed to
produce a specified output.

computer and test instrument.

between operator, teletypewriter,

FAST TESTING. 1.5 msec per test.
If crosspoint is changed, 5 msec.
10 msec on the lowest current scales.

TEN-YEAR GUARANTEE for
all instrument plug-in circuitry

GROWING LIBRARY (it’s almost all plug-in).

of improved software

VERY COMPLEX TEST packages to insure

SEQUENCES can be
programmed, yet
preparation of simple
tests can be learned
in two hours.

TYPED SUMMARY SHEETS.
Whenever desired. No interruption
in testing. Give total units tested
per test station, test yields and

bin yields.

DIRECT ENGLISH data logging
type-out, showing job name, serial
number, test number, decimal
point and units.

ABSOLUTE SOURCE CONTROL.
Sources can be turned ON or OFF and
changed in value in any sequence
with variable delays from 100 psec. to
as long as you please.

DATALOG at any test station—without
slowing down classification tests

at any other station.
t 2t

MULTIPLEXING. Several jobs

simult: ly. Any assigned, a
any time, to any test station.

against obsolescence.

NO ADJUSTMENT OR CALIBRATION
POINTS. (Eternal vigilance is the price
you pay for a single adjustment.)

OPEN AND SHORTED CONNECTIONS
and OSCILLATIONS are automatically
detected. System stops when a
selected consecutive number of
these occur.

COMPLETE FRONT PANEL DISPLAY
at any desired step, simultaneously
indicating all crosspoint connections,
forced values, measured limits
/ binning decisi'ons—everything'

. about each test.

MINIMIZED REPETITIVE INSTRUCTIONS
for the operator through data libraries,
variable word length programming,

and autopinning.

PROGRAMMABLE CURRENT LIMITS
for each source at each test.

one.

(complete for only $65,000)

This is our J259 computer-operated
Automatic Circuit Test System. It
includes a general-purpose digital
computer, teletypewriter, test instru-
ment (comprising modular elements:
24 x 8 crosspoint matrix, four volt-

22 Circle 22 on reader service card

age sources, measurement system,
and test deck), complete software
package, and courses in IC testing,
system operation, and maintenance.
TERADYNE, 183 Essex St., Boston,
Mass. 02111 Phone (617) 426-6560.
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Editorial comment

A little knowledge

Shock waves from the report issued by the Logistics
Management Institute earlier this year have spread be-
yond the Defense Department, where it was commis-
sioned, to touch the entire industry. The institute asserted
that profits for defense contractors based on percentage
of total capital investment are significantly lower than
those of contractors not involved with the Government.
And furthermore, the report said, even those lower profits
are declining. The LMr report suggested that the Govern-
ment be urged to back off on controls for high-risk proj-
ects.

The Defense Department asked the Electronic Indus-
tries Association for its comments on the study; during
EIA meetings in Washington last month, the report was
alternately praised and pummeled.

A study that yielded contrary results was made by M.L.
Weidenbaum, an economics professor at Washington
University. It concludes that the large defense companies
(North American Rockwell, Lockheed, General Dynam-
ics, McDonnell Douglas, Grumman, and Thiokol Chem-
ical) earn higher profits than nondefense firms of similar
size. Weidenbaum’s data shows that defense profits have
grown steadily higher than nondefense profits over the
past decade.

These conflicting conclusions could be attributed, in
part, to the measurement techniques. Weidenbaum used
net profits after taxes as a percent of stockholders” invest-
ment (return on net worth), But defenders of the L1
report suggest that it is unfair to compare all the com-
panies involved in the LM study with the giant aerospace
firms.

Congressman Chet Holifield (D., Calif.), commenting
on the M study, emphasizes that the figures were ob-
tained from many individual company profit figures—
some of them considerably higher than the average
reported.

Providing still another viewpoint, Robert Higdon, a
vice president of the Chase Manhattan Bank, notes: “Clas-
sically, profit opportunities attract competition which
drives down prices. Defense contractors interviewed by
LM stated that the primary reason for defense profit
being lower than commercial profits was the severity of
competition.” Higdon thinks this is not necessarily bad,
noting that under free-enterprise concepts, marginal com-
panies will drop out, leaving the field to the more com-
petent.

Many companies would like a more detailed break-
down of the LM report—into companies and categories—
to help them see where they fit into the picture. Others
are content with the ambiguities of the report. In this
group was one company that believes the study has gen-
erated a “credible image” which might generate some
Government action that would reduce the controls on
high-risk projects.

Other dissenters to further analysis of the LM report
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were saying, off the record, at the Washington parley
that it might cast doubt on Lmrs conclusions. We dis-
agree. Additional analysis would benefit the entire indus-
try. The Logistics Management Institute has conducted
a number of studies for the Defense Department and its
recommendations have been factored into the procure-
ment regulations. We think this respected study group
would be the first to agree that more light should be shed
on its report.

After Vietnam

Hanoi’s response to President Johnson’s enunciation of
a shift in U.S. policy encourages the hope that direct dis-
cussions can be arranged between representatives of
North Vietnam and the United States. It may be months
or years before the war is ended but now, at least, we've
caught a glimmer of light at the end of the tunnel.

The current peace maneuvers bring the question of
“After Vietnam, what?” into sharp focus. A year ago,
a committee of the Electronic Industries Association
tackled it. Its report®, issued last month, postulated a
“most probable course of events.”

The E1a study group believed that the U.S. would “con-
tinue its present policy of escalation, with the aim of
achieving a political settlement or ultimately forcing a
military settlement to the conflict.” The study group
sought to describe the market environment at the war’s
end for companies now in the defense/space business
and to measure the impact on systems procurement and
research and development. Its conclusions:

= After the war, defense expenditures will return to a
level which would have been reached had there been no
conflict. Nasa spending will decline throughout the war.

= Programs will be deferred if they aren’t related to
Vietnam and for some this may mean their demise.

= Electronics expenditures will undergo no significant
decline despite individual program losses in the short
term. The latter will be offset by other programs and by
an increasing electronics content in all programs, so that
the long-term prospects for electronics are good.

Of the many programs that will be deferred while the
war continues, research and development projects are
most vulnerable. Before leaving his post as Secretary of
Defense, Robert McNamara told Congress that special
efforts were being made to cull out marginal r&p pro-
grams and to defer to “future years” all projects whose
postponement would not have a seriously adverse effect
on the future military capabilities of the U.S.

Congressman Joseph Karth (D., Minn.) put it aptly
when he warned against the U.S. slipping into a “let
technology wait” mood, while the war is being fought.

Programs that are deferred lose momentum and key
personnel. An infusion of funds may often not be enough
to revive moribund programs. Karth calls for a continu-
ing investment in R&b in the U.S. to provide a continuing
payoff, not only for a sound defense posture but to find
a cure for our social ills. The point is well taken. In war
or peace we cannot bypass technology.

“The Post-Vietnam Defense and Space Market Environment



CAN OPENERS PHOTOCOPIERS

ADDING MACHINES _____ WASHING MACHINES

AIR CONDITIONERS VENDING MACHINES

AUTOMATIC TYPEWRITERS COMPUTERS

FILM PROJECTORS CLOTHES DRYERS

) i
want to start something?

COLLATORS AUTO TURN SIGNALS

VACUUM CLEANERS TAPE RECORDERS

RADIOS BLENDERS

PRINTING PRESSES COFFEEMAKERS

TELEVISION SETS

PHONOGRAPHS

specify Cherry long-life switches.

This year, 17 million products will start with Cherry switches. m
Product designers like Cherry’s long-life coil-spring mechanism. ERUEERS
Production people find high-overtravel Cherry switches install |swieh

much easier. If you are looking to start something and need
operating forces as low as 1Y grams or electrical ratings as high

as 25 amps, check CHERRY.

Check our complete line. Send for the new pocket-size Cherry “’Switch Selector Guide.”

CHERRY %

CHERRY ELECTRICAL PRODUCTS CORP. e 1656 Old Deerfield Road e Highland Park, lllinois 60035

TESTING EQUIPMENT Q GARAGE DOOR OPENERS

POWER TOOLS DISHWASHERS

CALCULATORS DEHUMIDIFIERS
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Siliconix to offer
microwave FET's

IC diode arrays get
lift from air isolation

TTL bandwagon
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Field effect transistors are not only bucking the trend to integrated
circuits but are widening their scope of operation. The latest advance lifts
commercial FET’s into the ultrahigh- and microwave-frequency ranges.
Siliconix has developed a junction device with a maximum frequency
of 1.5 gigahertz, plus a gain of 6, 500 mlcromhos and a noise level of under

- 4 decibels.

This. frequency capability, tnple ‘that of rival off—the shelf units, is
achieved by “twisting the basic geometric pattern,” according to J. B.
Compton, designer of the device. He expects the method to yield 3-Ghz
devices by next year and says the technique is applicable all the way up
to 10 Ghz.

Siliconix is aiming its new unit at commumcatlons apphcatlons
including radio, telemetry, and low-noise amplifying systems, but will
also sell the chip in unpackaged form to hybrid-circuit users. The price
will be under $6 each in lots of 100.

Fairchild Semiconductor is using a planar air-isolation technique to
produce monolithic diode arrays that perform at the level of discrete
arrays. The firm, which next month will introduce 16-diode and dual
eight-diode arrays incorporating the new approach, says the isolation of
the integrated-circuit elements is superior to anything achieved with
dielectric, hybrid chip-and-wire, or other approaches.

The isolation—involving a fine glass that is sedimented onto the front
of the wafer and an additional support wafer—is laid down after the
device elements are formed. It provides glass-encapsulation protection
as well as normal oxide protection. As a result, an epitaxial layer is left
between top metallization and the p and n regions, with succeeding
layers of oxide, aluminum, and glass interposed between bottom layers
and the backmg wafer.

Hal Clausen, senior marketmg engmeer for Fairchild, says the tech-

nique is apphcable to all monolithic IC’s, yields higher rehablhty, accom-

modates batch processing, requires fewer assembly operations, provides
greater pin and layout freedom, and produces more uniform electrical

characteristics. He further declares that the method w1]1 make discrete
diode arrays obsolete.

As transistor-transistor logic (TTL) finds its way into more integrated
circuits, the race to get more of the action heats up. Motorola Inc., which
announced its own TTL circuits late last year plus expansion of its second-
sourced Sylvania SUHL 2 line [Electronics, Oct. 2, 1967, p. 179], is
preparing a TTL entry styled after Texas Instruments’ 5400/7400 series.
The Semiconductor Products division in Phoenix is making circuits now,
but it will be “a few months,” says one Motorola official, before they are
available.

Meanwhile, in nearby Scottsdale, little Dickson Electronics intends to
“have a fling” at making TT’s 7400 series, as its president, Donald Dickson,
puts it. He says that if his firm gets good enough yields, shipments could
begin late this year in the company’s first venture into the monolithic IC
arena.
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Pentagon weighs
use of satellites
in limited war

Tv interests gird
for spectrum battle

Alaska tries to put
messages in orbit

Addenda

26
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The Pentagon is considering a quasi-tactical application for the long-
haul strategic satellite communications system that will eventually replace
the Initial Defense Communications Satellite System. The proposal calls
for the use of individual synchronous satellites in the system as regional
communications centers in a limited war. The satellites would connect
several ground stations in the theater of operations.

A Defense Communications Agency spokesman, Air Force Lt. Col.
Ralph Backes, described a hypothetical regional system, called Seasat,
for Southeast Asia satellite, at an American Institute of Aeronautics and
Astronautics conference in San Francisco last week.

Watch for broadcasting interests to wage a last-ditch battle to keep land
mobile radio users from “encroaching” on frequencies reserved for tele-
vision. It’s now clear that the FCC will reallocate some uhf frequencies
or will order channel sharing. The tv industry got the message this month
when FCC chairman Rosel H. Hyde, in his strongest statement yet on
the issue, bluntly told the National Association of Broadcasters, “It’s
likely that additional use will have to be made of spectrum space allocated
to television.”

Broadcasters are planning to launch independent studies of land mo-
bile. They aim to stress to the FCC, Congress, and the public that the
frequencies now assigned land mobile users are not being shared ef-
ficiently. They also want to push the FCC to study the possible use of
higher frequencies for land mobile communications.

Alaska is trying hard to get satellite communications service. State legis-
lative and communications officials will talk in Washington May 1 with
representatives of the FCC, Comsat, the State Department, ana the
Presidential Task Force on Communications. Alaska could either build
a ground station and tie into the Pacific Intelsat system—which would
allow communications to Washington State, Hawaii, and Japan and other
Far Eastern points—or tie into the U.S. domestic satellite pilot system
expected to be in service by 1970-71. The domestic system is expected
to be sanctioned in the next month or so.

Computer manufacturers will lose many lucrative maintenance contracts
on Government automatic data processing equipment if the General
Accounting Office has its way. GAO, Congress’s fiscal watchdog, contends
that Government agencies could save money if they used their own
computer maintenance personnel. Leaving out many specialized military
computers, the GAO calculated that Federal agencies now spend about
$50 million annually for maintenance contracts on computers owned by
the Government. . . . While foreign bids are still due on the giant
Intelsat 4 communications satellite, one domestic firm has already
released information on its bid. Lockheed Missiles and Space has proposed
a barrel-shaped satellite 9 feet wide and 16 feet high, weighing 1,075
pounds. . . . Six unidentified firms have been asked by Lockheed-
California to bid on the job of integrating the avionics hardware for its
L-1011 airbus. That varies from the usual way of equipping commercial
airliners, in which the airframe manufacturer negotiates with customers
directly to meet their avionics needs.
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Integrated
Gircuit

"SYLVANIA

Increase computer speed and reliability... | .o\ bees mouns
cut size and costs at same time. TURENE KR AR

Sylvania monolithic arrays come
in the familiar 14-lead package —
in-line or flat pack—you know so
well with our SUHL™ circuits.
Easy to plug into conventional cir-
cuit boards.

The big difference is packaging
density —more functions per pack-
age, less pins per function and
higher speed. Monolithic arrays,
typical of today’s most modern
MSI (medium-scale integration)
technology, give you in single com-
pact units such basic computer
subsystems as adders, frequency
dividers, registers and memories
which work at faster speeds, use less
power, need fewer connections and
cost less than discrete IC sub-
systems.

Table 1 gives you an idea of the
degree to which a computer can
be simplified, reduced in size and
made more efficient by use of
Sylvania arrays.

In addition, our arrays signifi-
cantly improve total system per-
formance and reliability. Consider
some of their advantages.

(Continued on next page)
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This Issue In capsule

IC Types
SUHL™ | and Il, the industry's fastest
and most complete TTL line.

"

IC Packaging
Molded plastic packaging lowers IC
costs.

(¢ TSI g V— g § ey ) WaBeS D)

i}-.

Hybrid Microcircuits
Active trim assures repeatability at
low cost.

IC Applications
World's largest aircraft uses some of
world's smallest IC systems.

Manager’s Corner
LSl is on its way, but MSI is here
today.

SM-60 4-bit storage register




TABLE 1. MONOLITHIC DIGITAL FUNCTIONAL ARRAYS VS. CONVENTIONAL ICs

Sylvania Monolithic Digital Functional Arrays Conventional Integrated Circuits

Number of
Typical Equivalent Equivalent
i Computer Number of
Subsystems IC Gates

Basic Single Stage
Fast Adder With Anticipated Carry

Four Bit Anticipated Carry Adder
Four Bit Ripple Carry Adder
Eight Bit Anticipated Carry Adder
Eight Bit Ripple Carry Adder
Decade Frequency Divider

Four Bit Register (Bus Transfer Output)

Four Bit Register
(Cascode Pullup Output)

(A) Based on Average of 15 mw per NAND/NOR and Average of 5mw per AND-NOR Expansion.
(B) Based on Average of 4 Gates per 14-Lead Package.
(C) Using 4 Sylvania JKs and a Pulse Shaping Gate, the Package Count would be 5 and Interconnections 37. Average Power Drain would be 190 mw.

FUNCTIONAL ARRAYS, TYPICAL CHARACTERISTICS (+25°C, +5.0 Volts) **Military **Industrial

t;)71 Avg. Power Noise Immunity (—55°C to +125°C) (0°C to +75°C)
Function Type Nos. (nsec) (mw) +(volts)— Prime FO Std. FO Prime FO Std. FO

*Minimum toggle frequency **Minimum fan-out
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Complex Sylvania monolithic array (below, in 28-lead package) per-
forms all the functions of the double-sided discrete-component IC
circuit board, above. Available soon, it will be much more economical
to produce in volume.

An array system puts more of its essential connec-
tions inside the basic 14-lead package. So there’s less
external wiring, and therefore a lower assembly cost,
as the diagram (above) indicates.

Arrays provide more equivalent gating functions per
pin: about 2 gates per pin typical in our SM-60 four-
bit storage register.

Because signal paths are shorter, arrays reduce
propagation-delay time and give better control of t;g
paths.

An array design, as opposed to a discrete-IC-board
unit, has less backwiring Shorter current paths reduce
cross-talk, external noise pickup, self-induced (L
noise as well as power-supply-decoupling requlrements
And metallization assures better ‘“‘dress” between in-
dividual components, and thus better control of inter-
component-connection electrical characteristics.

Sylvania now has, or is developing, arrays for every
stage of a computer:

Arithmetic Control Memory Input/Output
Adders: SM-10, | BCD* counter | 16-bit scratch-pad | BCD* to 7-line
-20, -30, -40 memory, SM-80 translator

4-bit universal
shift register*

Binary counter | 4-bit storage

register, SM-60, -70

*Presently in engineering development stage.

Our monolithic digital functional arrays— their
numbers and functions—are shown on page 2 opposite.
Tear it out and save it for reference.

CIRCLE NUMBER 300

Now SUHL™ ICs in moided
plastic packages give you
reliability plus economy.

More SUHL integrated circuits for the dollar, along
with other advantages for you in performance and
reliability. That's the big reason to consider these
TTL's now in a new modern molded plastic package.

Our SUHL circuits are still available in ceramic flat
packs and dual in-line plug-in packages. But now
SUHL is available in molded plastic packages with
glassivated wires and chips, providing an inert inter-
face between the plastic and the active device...a
Sylvania extra. In this package, our SUHL circuits
meet the needs of design engineers more economically
than ever before.

SUHL types in this newest package include the
AND-NOR, NAND/NOR and J-K flip-flop families.
All are temperature rated for operation over the 0-75°C
range. The glass-coated chips are moisture-proof and
are fully protected from contamination by foreign
matter. Heat dissipation capability is equivalent to
that of a ceramic flat-pack.

With the new molded plastic package, tinned rec-
tangular leads are spaced 100 mils apart and are canted
to facilitate automatic machine insertion in circuit
boards.

Leads are attached to chips using aluminum-to-
aluminum ultrasonic bonding methods. Because there
is no trimetal interface (silicon can represent the extra
metal), there is no possibility of self-generated bond
failure due to “‘purple plague”.

And where cost economy is important, these units
offer dependable SUHL circuitry at the lowest prices
ever. Sylvania passes along to the user the savings ac-
crued through more efficient assembly processes. So
you get our familiar high-quality SUHL circuits in an
efficient package at the right price.

CIRCLE NUMBER 301




SUHL™ I and Il IC’s—the runaway favorites in TTL—
now offer some 160 ditferent types.

SUHL | TYPICAL CHARACTERISTICS (+25°C, +4-5.0 Volts) **Military **Industrial

Avg. Power Noise Immunity (—55°C to +125°C) (0°C to +75°C)
Function Type Nos. (mw) +(volts)— Prime FO Std. FO Prime FO Std. FO

Dual 4-Input AND Expander SG-180, SG-181, SG-182, SG-183 < 1 0.9/gate 1.1
Dual 2 + 3 Input AND/OR Expander SG-290, SG-291, SG-292, SG-293 7 1.0

SUHL Il TYPICAL CHARACTERISTICS (+25°C, +45.0 Volts)

Dual 4-Input AND Expander SG-180, SG-181, SG-182, SG-183 < 1 0.9/gate 1.1

MONOLITHIC LINEAR AMPLIFIERS TYPICAL CHARACTERISTICS (+25°C)

Power Output
Dissipa- Input Signal
Supply tion Imped- Swing Temperature
Function Voltages (mW) ance Vp-p Range




Our Sylvania SUHL | and Il lines offer you more
different types of TTLs to do more different jobs
—faster and better—than any comparable TTL
line in the industry. For your convenience, the
list (left) is color-coded to the IC diagrams on
this page. Tear it out and save it for reference.
Applications engineers estimate that 809, of new
computer designs call for TTL. And our SUHL
line—Sylvania Universal High-level Logic—is
the industry’s acknowledged leader in TTL, the
line that other manufacturers admit to copying.
Speed is the most important advantage, of
course. Our SUHL II flip-flops, for example, pro-
vide up to 50 M Hz switching speed, as little as 6
nsec propagation delay time (tj5) while retain-
ing extremely high noise immunity.
Shown here is a full list of SUHL I and II
TTL logic elements available to you, all color-
coded to the appropriate diagrams. (The chart at 5
bottom, listing linear amplifiers, is not color cod- Basic NAND/NOR Gate - Basic AND-NOR Gate
ed.) Our monolithic digital functional arrays are
listed on page 2 with an article on the subject. R
SUHL circuits are still the fastest TTL’s; in 2 / i
addition to maintaining good switching speeds, 1 14
they keep waveform integrity under varying loads ry 13
and fluctuating temperatures.
Every Sylvania TTL element is fully and auto- 3 i
matically tested on our specially designed Multi- (Vee) 4 11
ple Rapid Automatic Test Of Monolithic Inte- . o
grated Circuits (MR. ATOMIC) equipment to o
assure that you get the performance you pay for 6 ; 9
every time. All units, except as noted, are avail- 7
able in 14-lead flat-pack style or dual in-line
plug-in packages.
CIRCLE NUMBER 302 iaih At
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SM-80, 16-bit scratch-pad memory.




Custom microcircuits:
repeatability at low cost
through active trim.

Now, through active trim of hybrid microcircuits,
Sylvania can meet exact requirements for repeat-
ability of quiescent DC level balance.

Until recently, electronic circuit designers would first
select circuit topology and then, to fulfill their specific
requirements, would compute active and passive de-
vice values. With that approach, circuit performances
could fall within a wide range of values, sometimes
resulting in poor production yield.

To improve yield, previous options open to the de-
sign engineer were either to select tightly toleranced
components or to specify adjustable elements to bring
circuit performance within acceptable limits. These
choices often lead either to relatively higher cost or to
larger package size.

But now, with the conventional microcircuit,
Sylvania individually trims passive components to
final value through the use of a null-detecting bridge.
Passive component trimming can achieve the desired
circuit performance characteristics.

Final adjustment is effected after active components
have been attached and after the circuit has been
energized. During this final trim, the rate and amount
of abrasion is controlled by monitoring the circuit
characteristic of interest. This trim allows the circuit
designer to work with broader tolerance of individual
circuit elements. Such a technique can be cost-effective
since in-process yields are substantially increased as
individual component tolerances are relaxed.

As one example of an active trim application, let’s
take a photocell signal amplifier. It is used in a char-
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Figure 2—Equivalent circuit diagram of photocell signal
amplifier.

acter recognition system where the quiescent DC level
from a matrix of cells has to be balanced. A require-
ment is that the output of each amplifier must be held
at a fixed DC value from unit to unit. The actual cir-
cuit is shown in Figure 1. Figure 2 is an equivalent
schematic.

The output voltage level is established by the output
of a differential amplifier. The emitters of the differ-
ential transistor pair (Q1 and Q2) are connected to a
transistor current source (Q3). The level of current is
fixed by the values of resistors R3 and R4 to set a bias
for Q3.

After all required adjustments have been made, this
circuit is energized and R4 is adjusted to a predeter-
mined value of output voltage. Since in the thick film
technology screened resistors are fired to value below
the desired nominal, R4 may be increased in value by
using air-abrasive trim techniques to effect a geometry
change. As the value of R4 is increased, the operating
point of Q3 is changed causing the increase in collector
current. As the voltage drop in R2 changes, DC level
at the output of the emitter follower approaches the
required level.

This represents just one example of how Sylvania
meets the need for inexpensive hybrid microelectronic
circuits tailored to your operational requirements.
CIRCLE NUMBER 303

Figure 1—Air-abrasive trim techniques are used to precisely adjust circuit operating characteristics.




Largest aircraft will rely
on some of worid’s smallest,
fastest IGs: Sylvania SUHL™II.

World's largest aircraft, U.S. Air Force C-5A Galaxy
built by Lockheed-Georgia Company of Marietta, Ga.,
employs Sylvania SUHL Il high-speed IC logic ele-
ments in its self-checking Malfunction Detection,
Analysis and Recording (MADAR) subsystem, its sta-
tion-keeping equipment (SKE) radar subsystem and
its landing gear proximity switch control units.

The Lockheed C-5A Galaxy will not only be the world’s
largest aircraft. It will also be one of the world’s most
self-sufficient.

Through its Malfunction Detection, Analysis and
Recording (MADAR) subsystem, the aircraft continu-
ously monitors over 600 critical test points during take-
off, flight and landing. If a defect occurs, the defective
subsystem’s number lights up on the flight engineer’s
instrument panel. Then for a diagnostic check, the
flight engineer calls for a live waveform and views it
adjacent to comparative ideal waveforms projected on
a screen from a random-access memory bank, and
takes corrective measures. And as he makes manual
diagnoses and corrections, MADAR continues moni-
toring other test points automatically.

The MADAR subsystem is designed around Sylvania
SUHL II ultra-high-speed integrated circuits. Our
SUHL II ICs also accomplish essential logic functions
in the synchronizer unit of the aircraft’s station-keep-
ing equipment (SKE) and in the landing gear prox-
imity switch control system. The SKE system is a low-
frequency (doppler) radar which automatically main-
tains the correct relative flight position of every aireraft
in a fleet. The landing-gear proximity switch senses the
position of the landing gear and landing-gear housing
doors, controls their sequence of operation and informs
the erew of any malfunction.

The MADAR control and sequencer uses about 450
SUHL IT ICs; the SKE synchronizer has some 378.

How important are they? Says Lockheed:

“By using integrated circuits and . . . thick-film
hybrid circuits, the size and weight of these systems
has been greatly reduced while reliability increased.
Development of either system without integrated cir-
cuits would have been impractical; the complexity of

BUSINESS REPLY MAIL
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One of ten printed IC mounting boards used in Galaxy's station-
keeping equipment (SKE) synchronizer.

Artist's conception of C-5A in flight. Aircraft is designed to carry
100,000 pounds of payload for 6300 miles, and up to 265,000 pounds for
shorter distances. It will be 82 yards long with a wingspan of 74 yards.

discrete component designs, to accomplish the required
logic functions, would have resulted in units too large
and heavy and too unreliable to use on aircraft.”

What more can we say?
CIRCLE NUMBER 304
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MANAGER’S CORNER

LSI...around the corner.
But MSI IS here now.

We’ve all heard tales of the girl who rejects the nice
boy next door while she waits for Prince Charming . . .
and winds up an old maid.

Right now in the computer business, medium-scale
integration (MSI)—in the form of monolithic digital
functional arrays—is in the position of the nice boy next
door, while LSI is Prince Charming.

MSI devices are something we make and you can use
—today, without redesign of your present circuit
configurations. LSI is still in the future both as to
volume manufacture and practical application.

There’s an unfortunate tendency in this industry to
“announce’” something when it’s on the drawing board,
and to say it’s “in stock’ when a prototype has been
produced. (By that definition, Sylvania could claim
we have LSI devices “in stock”, because we have pro-
duced and are testing prototypes with over 100 func-
tions on a chip.) But we don’t believe in that; when we
say we have something “‘in stock’, we mean we have a
device that works and that we can deliver in quantity
within a matter of days.

And we do have MSI devices in stock. Such devices
will be the basis of practical computer designs for the
next five years or so. Any computer manufacturer who
passes up MSI to wait for LSI is likely to find himself
in the situation of the girl waiting for Prince Charming.
Left out.

Our MSI monolithic arrays, available in the familiar
TO-85 14-lead flat pack or 14-lead dual-in-line plug-in
package, provide in general from 20 to 50 gating func-
tions on a single chip with a single layer of metalliza-
tion. These devices are fully compatible with existing
monolithic logic; they interface with present-day sys-
tems without major redesign effort on your part.

Larger-scale integration —which we’re working on—
refers to a functional device with more than 100 funec-
tions, created by multiple-layer interconnections using
metallized fixed connective patterns. This will bring

Sylvania LS| chip: over 1200 components, 100 logic functions.

about a technique in which—on a 500-gate 2-inch
wafer—by selection and rejection only functioning
gates are wired. This could yield 400 or more functions
in a single package . . . the beginning of the “‘computer-
on-a-wafer’” concept.

But such devices—to produce in volume and to be
used practically—will require much more sophistica-
tion on the part of both manufacturer and user than
the present state of the art permits. To produce them
will require the ability to create an extremely high
yield of usable functions on a wafer, excellent control
of multiple-layer interconnection techniques and very
complex testing and packaging procedures. Equipment
and process requirements will be elaborate and costly.

More significantly, the engineering required by the
computer designer, builder and user must be advanced
to a far higher level than present technologies demand.
Builders must understand the importance of these dif-
ferences before committing themselves to an approach.

So . .. LSI is coming. But meanwhile, MSI in the
form of functional arrays is the practical solution to
today’s computer design problems.

H. M. Luhrs
Product Marketing Manager
Integrated Circuits
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I'm tough

And 15,000 hours says I'm tough

Clifton’s long life synchros have exceeded 15,000 hours
of continuous testing and remained within specification.
Clifton will guarantee a minimum of 5,000 hours for
almost any application and, depending upon the end
use, may guarantee them much longer.

These synchros retain all the high accuracy or torque
of standard Clifton synchros. In fact, you can order
them right out of the Clifton catalog without forfeiting
a single catalog parameter except friction which is
raised slightly. NO PENALT'Y in phase shift,impedance

Electronics | April 15, 1968

angle, torque or input power and only a slight increase
in cost over standard synchros. Compare these features
with other long life synchros on the market today.

For further information call your local Clifton Sales
Office or 215 622-1000 or write 5050 State Road,
Drexel Hill, Pa. 19026.

CLIFTON

DIVISION OF LITTON INDUSTRIES
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When the name ofthegameis
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Type MMC, 1/20 watt, RNR50 Type CCM, 1/10 watt, RNR55 \\\\‘\

[V

No one matches the performance superiority of IRC metal film \
resistors, or their capability and flexibility to meet a variety of reliability

requirements.

Take these four sizes, for example. They meet or exceed all of the perform-
ance and environmental requirements of both MIL-R-10509 and MIL-R-
55182. Standard tolerances are as tight as £0.10% (+£0.05% on specials) and
temperature coefficients are as close as +25ppm/°C.

When the best military grade resistor isn't good enough, and the screening route to
increase survival probability has been decided upon, IRC has the capability, the facilities
and the experience to deliver resistors screened to any meaningful specification. The best
can be made better.

If the best must be better yet, IRC, under its Program for Assured Reliability, can also supply
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SCREENING

IRC is in a league by itself
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Type CCA, 1/8 watt, RNR60 Type CCB. 1/4 watt, RNR65

these four units to meet your choice of three maximum failure rates—
0.1%. 0.01% and 0.001%. Failure rate levels depend on the degree of
screening, process control, acceptance, and life tests required.

//" When your design requires reliability—be it screening, control, data, or documenta-
tion (or any combination) —look to IRC to supply metal film resistors matched to your
cost and performance needs.

B"‘},‘j’!;
NEW APPLICATIONS HANDBOOK. Ask for a copy of “"An &N ‘K:’
Analysis of Screening.” This informative handbook explains all the

techniques employed by IRC to achieve varying degrees of resis-
tor reliability.

For samples, prices, and data on any IRC metal film resistors,
write: IRC, Inc., 401 North Broad Street, Philadelphia, Pa. 19108. DIVISION OF TRW INC.

Electronics | April 15, 1968
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New connecto_rs. :
New standardization.

JT concepts have really branched out at Bendix.

Now—to the thousands of JT users who like the
advantages of rear-release crimp contacts— Bendix
offers the opportunity to standardize. It’ll ease
operation, installation and maintenance problems
in the field. Cut back on spares and application
tools. And you’ll enjoy the inherent benefits of size
and weight savings, reliability and extended con-
nector life. You liked rear-release crimp contacts so
well, we're putting them in all kinds of connectors in
all kinds of shapes. Rectangular connectors, cylin-

38 Circle 38 on reader service card

drical connectors, printed circuit connectors, rack
and panel connectors. All with solder or filter con-
tact options. A full variety of shell sizes and types.
Many insert patterns with 12-, 16-, 20-, 22- and
22M contacts. Double-density models with up to 128
contacts. Plus some entirely new designs coming
your way soon. If you haven’t tried them by now,
you should. They’ll grow on you. Write Electrical
Components Division, The Bendix Corporation,
Sidney, New York 13838.

Bendix 4 Electronics
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MEET THE DECISION MAKERS...

Four CVC High Vacuum Systems with AutoMate™ Control!

Just touch the start button, AutoMate does
the rest. The AutoMate Control on your
CVC system controls pumping cycles auto-
matically—as fast and accurate as your
best technician. The cycling decision is

made and carried out in response to pres-
sure in the system—you get the same re-
sults in your pumpdown every time. For full
details, write Consolidated Vacuum Cor-
poration, Rochester, New York 14603.

CV-144

CV-164

Cv-18

CV-1104

—d

APPLICATIONS

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

14” Pyrex 18” Pyrex 18" Pyrex 24" or 30" Stainless
SrUHISER Bell Jar Bell Jar Bell Jar Steel Bell Jar
DIFFUSION PUMP 4" BlueLine 6” BlueLine 6” BlueLine 10” BlueLine

Choice of multi-

Choice of multi-

Choice of multi-

Choice of multi-

RATING (Continuous
Duty/20%, duty)

BAFFLE coolant or liquid coolant or liquid coolant or liquid coolant or liquid
nitrogen nitrogen nitrogen nitrogen
EVAPORATION
Pl
POWER SL2PLY | 5 «yA/39 KVA 2 KVA/39 KVA 2 KVA/3.5 KVA 4 KVA/8 KVA

cvC

A BELL & HOWELL COMPANY

I3 BeLLsHowELL
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New CV-1104 System With AutoMate™ Control

See us at NEPCON East, Booth 324 June 4-6, The Coliseum

el
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save |
installation time! s 2
save panel space!rmg

L.

with Allen-Bradley terminal blocks i 5
factory assembled in 6-foot lengths

Yes, Allen-Bradley factory assembles 6-foot sections of Bulletin
1492 terminal blocks for your convenience. You save on installa-
tion time because you don’t perform the time-consuming block-
by-block assembly. Merely count the required number of
mounted terminals, slide them beyond the end of the solid
wooden backing strip, and snap off as shown. The notched metal
mounting channel breaks cleanly—no sawing or filing.

Further, these sturdy white nylon terminal blocks are real
space savers. A wide variety of terminals is available to handle
wire up to Size 1/0. Fuse blocks and switches are also avail-
able. For 600-volt jobs Style C blocks are supplied, while even
more compact Style F blocks are used for 300-volt applications.
Both Styles C and F mount on identical channels. By the way,
individual blocks can be removed easily without disturbing
adjacent blocks so assemblies can be modified quickly to meet
the changing job needs.

Your local Allen-Bradley appointed distributor has these 6-foot
lengths of terminal blocks in his stock. Please contact him so that
he can show you their many features. Or write to Henry G.
Rosenkranz, Allen-Bradley Co., 110 W. Greenfield Ave., Mil-
waukee, Wisconsin 53204 and ask for Publication 6109. In
Canada: Allen-Bradley Canada Ltd. Export Office: 630 Third
Ave., New York, N. Y., U.S.A. 10017.
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Meet the

MICRO SWITCH
QualityAssurance

Department

Left to right: vice president, design engineer, computer programmer, punch press operator, and shipping clerk.
Not present for picture: All the other employees of MICRO SWITCH.

Quality Assurance for the customer
is everyone’s business at MICRO
SWITCH. It is the result of a total
concern for the details that make up
customer satisfaction. It starts with
top management and permeates the
entire organization, involving every
step of manufacture—from raw ma-
terials and design on through pro-
duction and shipping.

The emphasis at MICRO SWITCH
is on the prevention of defects,
rather than simply their detection.

mcno SWITC

The Quality Assurance program is
designed to assure reliability before
manufacturing begins. It includes
such procedures as: a periodic cali-
bration system for all measuring
equipment, a strict vendor rating
system, extensive documentation to
cover all details in advance, and in-
novative operator self-checking
procedures.

Most important, our experienced,
highly trained personnel have a per-
sonal concern for customer satisfac-

if) ;ﬂd
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L
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L

£

FREEPORT, ILLINOIS 61032

A DIVISION OF HONEYWELL

e

tion. They know it’s the little things
that count.

What does this elaborate program
mean to you? Dependability. The
knowledge that each switch will hold
upaswellinyourequipment asit does
in our grueling laboratory tests. We’re
more careful to make you more sure.

To find out for yourself the many
ways MICRO SWITCH is more care-
ful, write for our booklet, “Quality
Assurance for our Customers.” No
obligation, of course.

HONEYWELL INTERNATIONALeSales and service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.

42 Circle 42 on reader service card
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THIS BOOKLET CONTAINS
COMPLETE DATA, PLUS
"HOW-TO-USE” IDEAS FOR
THE WORLD’S MOST
ADVANCED 1/C LOGIC FAMILY!

~whene the priceloss ingrediont i cane!
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IT'S YOURS FOR THE ASKING!

Most data brochures contain specification sheets for all of the
devices in the line. So does this one — for 56 MECL* Il integrated
circuits (29 different circuit designs). But, it also includes applica-
tions information, right on the data sheet, for each circuit. And,
that's not all . . . there’s 10-pages devoted solely to the unique and
interesting design philosophy of emitter-coupled logic. Then, to
make it the highly-practical design tool that it is, this new MECL
Data Brochure is designed for perpetual updating . . . New circuit
information can be added easily; and, there’s room for the MECL
300/350 series brochures that are currently in use.

Yes, the MECL Data Brochure is Extraordinary in many ways
... but then, so is the MECL line of integrated logic circuits. We felt
that the world’s fastest, most-advanced full complement line of
digital integrated circuits deserved more than just ordinary technical
data treatment . . . so, we prepared this special approach for you.

It's Yours for the Asking! Just drop us a line on your company
letterhead, at P.O. Box 955, Phoenix, Arizona 85001.

*Trademark of Motorola Inc.

MOTOROLA

Semiconductors



A word to the do-it-yourself module builder:

Don’t.

Buy our J Series modules instead.
The J Series is our new family
of general purpose, all integrated
circuit logic modules. Their per-
formance almost matches that
of our famous T Series modules,
but they cost about 25 % less. They're made to the same
dimensions as the T Series, with the same 52 pin connec-
tors, so they’re physically interchangeable. We make them
for our own seismic recorder systems, so they’re rugged
and reliable. Now, as of January, you can buy them (com-

Circle 44 on reader service card

plete with mounting hardware, racks and power supplies,
if you wish) in any of 25 different functions.

And save yourself the time and cost of making your
own: designing, assembling, testing, new procedures, new
equipment, new personnel, additional training, to say
nothing of the added paper work.

If you're building systems, you
must have better things to do than go
into the module assembly business.
Such as reading our J Series catalog.

It’s free.

Scientific Data Systems,
Santa Monica, California
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Integrated electronics

Plastic IC’s still 4-F

Despite manufacturers’ claims about
the ruggedness of plastic-packaged
integrated circuits and their suita-
bility for military applications, the
Pentagon remains unconvinced. Re-
liability testing by Government
groups, though not exhaustive, has
failed to establish a basis for ac-
ceptability, according to defense
officials.

But the prospect of realizing tre-
mendous cost savings by buying
plastic-encapsulated  devices in
place of metal-can versions has
prompted the Government to call
a meeting of solid state experts to
tackle the question. The experts will
be asked to come up with an an-
swer, or at least a basis for evalua-
tion.

Charged atmosphere. The con-
ference, at which Federal officers
and makers’ representatives will
confront one another, promises to
be stickier than one might suspect.
The ordinary give-and-take of such
meetings will be inhibited not only
by the conferees’ widely differing
viewpoints, but by earlier insinua-
tions of incompleteness in the claims
made for plastic 1C’s and by pres-
sure from the higher echelons of
Government.

On the Government side will be
representatives of the armed serv-
ices, NAsA, the Army’s Harry Dia-
mond Laboratories, and the Jet Pro-
pulsion Laboratory, among others.
Among the companies invited to the
mid-May meeting in Washington
are all the vendors of plastic 1C’s,
including the big four—Texas In-
struments, Motorola, Fairchild, and
Signetics—plus such users as Auto-
netics, which, incidently, has been
conducting extensive tests on the
devices for the past few months.
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[Electronics, April 17, 1967, p. 101].

Background. Plastic-encapsulated
1c’s, which have been around for a
few years now, have recently been
aggressively promoted by many
makers for use in military jobs now
open only to metal-can circuits.
These firms implied that the de-
vices” moisture resistance, while not
as good as that of the hermetically
sealed metal-can units, was suffi-
cient for most applications.

Since the plastic 1C’s usually cost
only half as much as their metal-
can counterparts, Government pur-

under less than worst-case condi-
tions.

No yardstick. However, since
there are no specific standards for
1c performance, and because each
Government service and agency has
its own reliability criteria, the issue
can’t be easily resolved. In fact,
some Government spokesmen indi-
cate an acceptance of the plastic
packaged product based on the spe-
cial needs of their department or
agency. The Government’s attitude
right now seems to be that the plas-
tic units can’t be flatly rejected on

Fracture. Stress caused by shrinkage is serious enough to snap the
interconnection wires on this plastic-packaged IC. Note the crack
(dark oval) around the package.

chasing agents, beset by budget
problems, have strenuously urged
their acceptance by the various
Federal groups responsible for relia-
bility evaluation. But these groups
have tested them under conditions
the metal devices must withstand,
and have found that the plastic
units fail in most cases, usually be-
cause of an insufficient moisture
barrier. The failures occur typically
after long-term (560 hours or more
of operation) testing, indicating a
cumulative breakdown. The failure
rate is often 100%, even after
months of satisfactory performance

the basis of the tests made so far,
and that future evaluation programs
should be carried out in a more co-
ordinated manner than the earlier
tests.

This general attitude won’t
lighten the atmosphere at the meet-
ing. One Government official asserts
that the absence of published re-
sults of long-term testing by makers
is “fairly clear evidence that the
plastic 1C’s still aren’t suitable.” He
also criticized the short-term testing
the firms do as unrealistic, and said
that “if makers invested as much
money into the plastic materials as
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they spend promoting the i1Cs,
they’d probably come up with a
suitable encasement.”

Cloudy specs? The producers, on
the other hand, continue to imply
that plastic devices can handle
most military tasks. Some have ven-
tured that the specifications the
Government issues are unrealistic
and stem from the days of vacuum
tubes.

One executive expressed the in-
dustry’s view this way: “On the one
hand, Uncle Sam tells us to use
state-of-the-art devices, and the
Pentagon issues a directive encour-
aging the use of microelectronics.
On the other hand, we're instructed
to use qualified parts wherever pos-
sible and we’re confronted with
specs that were set up for older
technologies, or by no specs at all.”

First with the fastest

Engineers at the Semiconductor
Products division of Motorola Inc.
have been working for some three
years toward the one-nanosecond
speed capability they think ultra-
high speed computers will require.
Now it appears the division will
be the first supplier to break that
barrier with a line of integrated
circuits—the first three devices in
its third-generation emitter-cou-
pled-logic family. Later, the family
will include at least one device in-
corporating large-scale integration.
The first entries in the mEcL 3 line
[Electronics, Nov. 13, 1967, p. 26]
are now in pilot production and
initial orders will be filled from this
operation.

For now, Motorola will introduce
a dual four-input or/NoR gate with
a typical propagation delay of
about one nanosecond into a 50-
ohm load; a quad two-input Nor
gate with the same properties and
a master-slave flip-flop exhibiting a
maximum delay of 1.5 nanoseconds
into a 50-ohm load. With lighter
loads—500 ohms at 5.2 volts—both
the dual and the quad will show
a typical propagation delay of just
0.8 nanoseconds. Both devices have
only one layer of metallization; the
flip-flop uses two layers.

On schedule. Further down the
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On the chip. Motorola will soon offer this large-scale integrated eight-
bit adder as part of its regular line. The circuit contains 448 components.

line is an eight-bit adder that has
448 components laid on a 53-by-
119-mil chip using a three-layer
metallization scheme. Walter Seel-
bach, Motorola’s manager of 1c re-
search and development, estimates
the adder will be ready for produc-
tion in the third or fourth quarter.
He said the line will also eventually
include such entries as a scratch-
pad memory array and a left-to-
right shift register. “But for the first
half of this year we'll be concentrat-
ing on the initial three parts.”

Seelbach thinks Motorola is six
months to a year ahead of other
semiconductor manufacturers in
this ultrahigh speed capability. He
describes the market for MmEcL 3 as
“trememdous.”

Seelbach also believes there will
be a military market. But now MECL
3 will be specified for temperatures
ranging from 0° to 75° C—short of
the -—55° to 125° specified by the
military.

High toggle frequency. “Hooked
up as a binary counter, the flip-flop
will be able to toggle in the 350-to-
400-megahertz range,” Seelbach
notes. He says the previous high in
toggle frequency in production cir-
cuits is the 85-Mhz figure at which
Motorola’s MECL 2 line is specified.
He adds that the 50- and 500-ohm
terminations for the dual four and
quad two devices are equivalent to
direct-current fanouts of 12 and 4,
respectively.

Each of the three devices will go
into a 170-by-250-mil hermetically
sealed ceramic flatpack having 14
leads. The package design, new to
Motorola, incorporates a stud that

is perpendicular to the plane of the
leads, which serves as both a ther-
mal and electrical connection. “To
remain flexible,” explains Seelbach,
“and to be able to dissipate more
power down the road, we had to
have better thermal characteristics
in the package. Only about 7° C
per watt are dissipated between the
chip junction and the end of the
stud. Standard flatpacks without
the stud dissipate between 100°
and 200° per watt inside the pack-
age. If the user mounts properly to
the stud, he could get as little as
25° per watt dissipated in the pack-
age.”

Michael Callahan, manager of re-
search and development for 1c de-
vices and processes, cites some of
the processing sophistication re-
quired to reach a speed of one
nanosecond. “We had to develop
shallow junctions—less than one-
micron deep except for collector-
substrate junctions. Most other
current-mode logic junctions are a
little deeper. Deposition also re-
quires tight controls. Aluminum
tends to go into solution with sili-
con and we don’t want this pene-
tration. So we use aluminum alloys
that slow down this tendency and
limit the metal’s penetration.”

Keep them small. Callahan says
that individual transistors in the
1c’s must operate at 1 to 2 giga-
hertz, and must be very small to
minimize the junction capacitances
essential for high speed. Resistors
must also be small. “The largest is
0.5 mil wide to keep parasitics
down.”

Regarding passivation, he ex-
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plains further that oxide integrity
is “excellent—less than three pin-
holes per wafer on the average.
When we first started, pinholes
were 10 times greater and we had
to monitor every run. We're now
down to monitoring just once a
day.” Motorola won’t reveal yield
data for any circuit, but Seelbach
says, “If it weren’t where it should
be, he wouldn’t be announcing the
product.”

The Phoenix division holds the
basic patents on emitter-coupled
logic, and Seelbach says the soon-
to-be-introduced third generation is
logically compatible with MEcL 1
and 2 families without any inter-
face circuitry. Prices have not yet
been established.

Going naked

A number of semiconductor mak-
ers have been selling unpackaged
chips—both discrete devices and
integrated circuits—for quite a few
years, but until recently most of
them haven’t been advertising the
bare chips.

Several factors have contributed
to this reluctance, especially on the
part of the bigger vendors: the
market is small (estimated at $25
million a year); small orders are
typical, and vendors have felt they
would be giving away some of
their secrets if they made a regular
business of selling unencapsulated
dice.

That reluctance appears to be on
the wane, principally because the
market is mushrooming rapidly as
hybrid-circuit suppliers step up
their demand for chips they pack-
age later. The larger semiconduc-
tor manufacturers are reassessing
their positions, and one—the Semi-
conductor Products division of Mo-
torola Inc.—plans to introduce a
line of standard unpackaged sili-
con transistors as its first aggres-
sive move to get a bigger share of
the business [Electronics, April 1,
p. 26].

Military orders. The devices
chosen—14 in all-are Motorola’s
most popular npn and pnp discrete
transistors. One of the prime rea-
sons for Motorola’s move, says Leo
Lehner, manager of product mar-
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keting at the Phoenix division, has
been a big jump in demand from
hybrid-circuit suppliers in the past
year. He says this demand has
been fueled mainly by the mili-
tary’s desire to integrate.

“Monolithic 1C’s can’t meet all
the requirements the military
wants integrated. People have de-
signed a lot of equipment with
military-specification parts in dis-
crete form,” explains Lehner, “and
now the military says integrate, so
the equipment maker goes the hy-
brid route and has a primary posi-
tion as a bidder.” Some of the more
popular npn silicon transistors Leh-
ner cited in this category are the
2N2217, 2N2218, and 2N2219, all of
which are covered by Motorola’s
unencapsulated line. The pnp
counterparts are the MSC2907A
and 2906 switching and amplifier
transistors. Motorola substitutes
the prefix MSC for the 2N prefix.

Other devices in the line are npn
and pnp low-level amplifiers
(MSC2484 and 3251, respectively);
npn and pnp high-voltage switch-
ing and amplifier transistors
(MSC3501 and 3637); npn and
pnp radio-frequency amplifiers
(MSC918 and 4957); npn and pnp
core drivers (MSC3725 and 3467);
and npn and pnp low-level
switches (MSC2369 and 3546).

Joining the fun. Lehner says
that Texas Instruments Inc. and
the Raytheon Co. have been sell-
ing standard unpackaged chips for
at least a year, and it’s known that
Fairchild’s Semiconductor divi-
sion, the National Semiconductor
Corp. and the Signetics Corp. are
also in the business. But none of
the others appears to be pursuing
the market with as much gusto as
Motorola. Lehner notes that stand-
ard zener diode chips will be com-
ing next from Motorola, to be
followed by unencapsulated 1c’s.

Meanwhile, a new firm, Intersil
Inc. of Cupertino, Calif., will begin
selling as its first product a com-
plete line of unpackaged flip-chip
transistors and n-channel junction
field-effect transistors.

National’s marketing manager,
Donald Valentine, says, “We've
just been quietly selling a few dice.
We never imagined anyone noticed
us—much less Motorola.” He says

the firm sells 15 of its prime 1c’s
and about 25 discrete transistors in
chip form, and has been stocking
dealers for the past six months.

Signetics has been selling un-
packaged 1c chips for three years,
and officials there report no reluc-
tance to do so, but neither is there
any intention to introduce off-the-
shelf dice.

Lehner says the military systems
in which the chips are ultimately
used, such as missile and guidance
systems and airborne computers,
involve fairly complicated technol-
ogy. As a result, Motorola can get
75% to 80% of the price it asks for
the same device in a metal can.
“The idea of the game is not econ-
omy at all,” he says. “The hybrid
or multichip circuit supplier wants
these chips for size reasons, tech-
nology, and to win bids.”

“If he wants to make a 100-volt
1, or a fancy r-f mixer, he can’t do
it with a monolithic 1c, so he has
to go the multichip route.”

Microselling. Lehner expects
most of Motorola’s chip sales to be
in quantities of thousands, but the
division isn’t overlooking smaller
orders. Chips in the standard tran-
sistor line will be shipped in con-
tainers for as few as 10 dice; an-
other carrier accommodates 1,000.
In both, the passivated dice fit in
individual recessed compartments.
A glass lid slides flush over the
“bins,” preventing movement of
the chips in shipping and allowing
the buyer to see them without
opening the compartment.

Ronald Camp, Motorola product
planner for silicon transistors, says
buyer sophistication has done a lot
to break down Motorola’s earlier
reluctance to sell chips. “We had
to go through a learning cycle with
the customer on testing, bonding,
and application. Maybe he didn’t
know how to bond well and he’d
blame us for supplying a bad chip.
Now the customer is generally
more knowledgeable in all these
areas.”

Wafers from which the chips are
taken are tested only to the mini-
mum specification for a device, but
Camp points out that there will be
almost no differences in the maxi-
mum ratings of the devices as chips
or in packages.
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Instrumentation

Lighting own way

Ever since the introduction of cold-
cathode indicating tubes, instru-
ment makers have been designing
them into their products. But the
Monsanto Co., whose electronic in-
struments group is a relative new-
comer, has now decided to follow
an independent line: adaptation of
its own research on solid state dis-
plays. The company believes it has
struck pay dirt with a light-emit-
ting diode array. The array is used
as the numerical readout in an ex-
perimental counter/timer.

Fred Katzman, who heads the
instruments group, says the array
represents the first time the feasi-
bility of a solid state readout has
been demonstrated as an integral

Replacement. Monsanto developed
this counter/timer to prove the
feasibility of a solid state display

in an instrument. The light-emitting
diode array eliminates power
supply, drivers, and tubes of
conventional cold-cathode readout
displays. The electronics that

have been eliminated are outlined
in the photo above.

part of a digital test-and-measuring
instrument.

Boon. The advantages are con-
siderable. Since each element in
the array lights when it is forward
biased with a current of about 10
to 100 milliamperes at about 1.5
volts, the displays are compatible
with integrated circuits. Conven-
tional displays, using cold-cathode
indicators, aren’t compatible be-
cause the tubes require about 100
volts. What’s more, the displays
can be driven directly from a dual
in-line 1c, while tube displays need
a separate power supply and driver
for each digit.

Not only are drivers, high-volt-
age supply, and tubes eliminated,
but, says George M. MacLeod, di-
rector of the Monsanto Electronic
Special Products division, “the solid
state displays have longer life,
greater strength, less heat genera-

tion, no parallax, and faster switch-
ing time.” He claims the array
eliminates the radio-frequency in-
terference traditionally associated
with gas-discharge tubes.

Each light-emitting diode array
can combine numbers, letters, and
symbols.

Says MacLeod: “No cold-cath-
ode tube or similar readout could
provide the full alphabet because
there just isn’t enough depth to in-
clude 26 letters.”

Proof of the pudding. Monsanto
modified one of its general-purpose
counter/timers with the diodes.
The conventional five-digit cold-
cathode display was replaced with
a red numeric display of gallium-
arsenide phosphide diodes.

The diodes had proved reliable
after several years of use singly as
indicator lights on other Monsanto
products. Even though the array’s
light output of 115 foot-lamberts
is significantly less than a cold-
cathode tube’s 200 foot-lamberts,
it is sufficient under ordinary oper-
ating conditions. Moreover, the
diode array offers superior contrast.

There still is a barrier: the cost
now is about $165 per digit. How-
ever, Monsanto believes that re-
fined production techniques will
make the cost competitive with
conventional displays, which cost
between $20 and $70 per digit.

In phase

The growing sophistication of ra-
dio transmission has generated a
corresponding need for quartz
crystals that can give very precise
frequency separation. That need, in
turn, is producing a new genera-
tion of highly accurate instruments
to test and measure crystal capa-
bilities.

Conferees at the Army Electron-
ics Command’s 22nd annual Fre-
quency Control Symposium will
get a liberal helping of such de-
vices to go with their salt water
taffy when they gather in Atlantic
City, N.J., next week. The Army
itself has come up with one of
these instruments, the Western
Electric Co. another, and the Hew-
lett-Packard Co. has computerized
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the whole shooting match.

In-house. The Army’s develop-
ment was spurred by increasing
military use of suppressed-carrier
single-sideband  transmission, a
mode that requires precise crystals
in the lower reaches of the high-
frequency range. The instrument,
a highly developed, well-buffered
oscillator, bases its correction sig-
nal on phase-shift information
rather than less accurate frequency
data.

The device is extremely sensi-
tive because it works passively: it
measures a crystal tickled with
only 0.1-'® watt and can be used
with most commercially available
bridges. What’s more, it can meas-
ure a 100-megahertz crystal to
within 0.1 hertz and is self-check-
ing. Made under license by Parzen
Research Inc. of Westbury, N.Y.,
the tester will be described at the
symposium by O.P. Layden, A.D.
Ballato, and C.L. Shibla of the
Army’s Electronics Command.

Familiar ring. A similar tech-
nique has been used by Western
Electric’s North Andover, Mass.,
laboratories. The method devel-
oped there by Robert P. Grenier
sends a synthesizer's signal
through the crystal into a cali-
brated phase detector. That fre-
quency passing through the crystal
with the least phase shift is the
resonant frequency. By locking the
synthesizer to that frequency and
displaying it on an oscilloscope,
the crystal’s resonant point can be
determined.

This technique, Grenier believes,
will cut resonance uncertainty
from about four parts in a million
to one part in 10 million. The tech-
nique may go on the production
line later this year, he adds.

Automated. The Hewlett-Pack-
ard innovation, from its labs’ piezo-
electric department, could bring a
new look to the 1EEE’s specs for
crystal testing, drawn up in 1957.
H-P’s new method, according to
C.A. Adams, co-author of a paper
on it with D.L.. Hammond and Al-
bert Benjaminson, uses the 1EEE pi
network with a vector voltmeter to
make phase measurements instead
of the traditional amplitude meas-
urement. From those measure-

50

ments, frequency and impedance
are derived.

“When the crystal is in perfect
resonance,” explains Adams, “the
phase goes to zero. The voltage
ratio in the pi network gives you
the voltage amplitude ratio. When
you take a small computer and
hook it up to the vector voltmeter
you simply program what you
want to look at in the frequency
range—the impedance or resonance
spectrum, for example.”

With a knowledge of these pa-
rameters all equivalent circuit
parameters (Li, Ry, Ci, and Co as
stated by the mEEE) can be com-
puted, Adams says.

Medical electronics

Eliminating the paper work

For every heart disorder a cardiol-
ogist uncovers with his electrocar-
diogram machine, he must scruti-
nize yards of the EkG’s paper tape,
searching for abnormalities in the
tell-tale wiggly lines. The slow proc-
ess suffices when the doctor has
but one patient to examine. But
with doctors now pressing for mass

screenings to uncover heart troubles
early, the tape-monitoring task
could become Herculean. The Hu-
metrics division of the Thiokol
Chemical Corp. has now developed
an EKG machine whose signals can
be interpreted by a technician, It
signals only when it locates some-
thing wrong. If it finds so much as
a hint of an abnormality, the patient
is referred to a cardiologist.

The unit—called an Electrocardio-
analyzer (EcA)—is similar in func-
tion to two other machines, which
monitor heart sounds rather than
the Exc signal. One, the Cardioscan,
is from Humetrics also and was de-
signed for children [Electronics,
Dec. 13, 1965, p. 38], and the other,
for adults, was developed by Tokyo
Shibaura Electric Co. (Toshiba) of
Japan [Electronics, Jan. 9, 1967, p.
252].

Mass action. The new Humetrics
device takes about a minute to com-
plete the test and Humetrics offi-
cials believe more than 50 persons
an hour can be monitored.

The instrument not only differen-
tiates between normal and abnor-
mal Exc patterns but also pinpoints
the abnormal parameters. Electro-
cardiographic signals from the pa-
tient are picked up by electrodes at-
tached to the arms, legs, and chest.

Quick check. Mass screening for heart defects can be performed
by this EKG machine, which reports only an abnormal signal.
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DON'T THINK IN TERMS OF GATES WHEN YOU
DESIGN ENCODING OR DECODING CIRCUITRY.

THINK DIODE MATRICES.

Now you can encode...decode...or time-share both functions...
inexpensively, efficiently, easily, and without fear of cross-coupling.
Use Radiation dielectrically isolated diode matrix integrated circuitry.
Readily available in dual in-line and TO-84 flatpack configurations.
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You never have to think in terms of gates again. Think
Radiation diode matrices!

Radiation stocks a complete line of dielectrically isolated
diode matrices, easily customized to your particular
encode-decode needs. These can be combined with
Radiation interface circuits to provide the most econom-
ical, convenient and reliable diode logic available today.
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MICROELECTRONICS DIVISION

Contact your nearest Radiation sales office to find out
how inexpensive diode matrix integrated circuitry really
is. You'll be surprised how fast we can deliver, too.

Sales Offices: 600 Old Country Road, Garden City, N.Y. 11530, (516) 747-3730 — 2600 Virginia Avenue, N.W., Washington, D.C
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POWER MODULES

Typical
Uncased
Module

Kepco’s new “PAR” Power Supply
modules are available in voltages
from 4 volts to 60 volts, adjustable
+5% about the nominal. Two cur-
rent ratings apply for each module,
one for temperatures to 65°C and a
higher rating for the usual industrial
environment of 40°C. Regulation,
line: 0.005%, load: 0.01%, tempera-
ture coefficient 0.01%o per °C, ripple
0.25 mV rms — modules may be con-
trolled from 0 to their nominal band
with linear current derating. Size
6%/s" x 43/4" x 10%/s” — rack mounts
available too.
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Lee Baessler, Humetrics director of
engineering, says this system pre-
sents a standard lead input to the
analysis circuitry. In ExG recordings,
13 leads are used to make various
physiological measurements [Elec-
tronics, July 10, 1967, p. 105]. In
the EcA unit, a five-lead configura-
tion using electrodes has been de-
veloped. These leads measure such
parameters as P amplitude, P po-
larity, P width, PR interval, Q am-
plitude, Q width, R amplitude, S
amplitude, and others [Electronics,
July 10, 1967, p. 104] to determine
if they are within acceptable limits.

To make certain the ExG signal is
not giving false information, Hume-
trics incorporated special circuitry
to prevent analysis when excessive
baseline drift or 60-cycle interfer-
ence exists. Abnormally high or low
heart rates also prevent correct anal-
ysis and an auxiliary display alerts
the operator to this condition.

In the cards. The instrument is
contained in a 17-by-11%-by-7%-
inch case weighing 28 pounds. All
circuitry is contained on four
printed cards incorporating Signet-
ics micrologic and Philbrick opera-
tional amplifier components.

At $9,300 per instrument, Hu-
mertics officials foresee large use
of the Eca by industrial concerns,
health institutions, schools, offices,
and professional and amateur ath-
letic teams.

Advanced technology

OUTPUT CURRENT

MODEL |QUTPUT a;:;bien;;?é“ vp PRICE
VOLTS | ssecwm | 30°Cw

PAR—4 4+5% | 0-9.0 | 0—-11.0 [$195.00
PAR-7 7+5% | 0—8.0 |0—-10.0 | 195.00
PAR—12 | 12%5% | 0-5.5 |0-7.0 195.00
PAR—15| 15+5% | 0—4.6 | 0—6.0 195.00
PAR—24 | 24+5% | 0-3.4 | 0—4.0 195.00
PAR—28 | 28-5% | 0-3.1 | 0-3.7 195.00
PAR—36 | 36-5% | 0—-2.3 | 0-2.8 195.00
PAR—48 | 48+5% | 0-1.8 | 0—2.3 195.00
PAR—60 | 60+=5% | 0-1.5 | 0—2.0 195.00

YUncased: YV Cased

For Kepco’s brand new Catalog B-678
containing complete specifications
and extensive applications notes,

write Dept. R-14

131-38 SANFORD AVE, * FLUSHING, N.Y. 11352
*(212) 461-7000 * TWX #710-582-2631 ¢
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Pick a color

Tuning a coherent light oscillator
continuously through the visible
light spectrum down through the
infrared has finally become pos-
sible. A team at Bell Telephone
Laboratories has built a continuous
parametric optical oscillator that
converts green light (0.53 microns)
over a wavelength range covering
0.98 to 1.16 microns. The same os-
cillator can cover an even wider
band of frequencies—30,000 giga-
hertz—extending from 0.4 to 4 mi-
crons (violet to far ir).

Growing bananas. Heart of the
achievement was the successful
growth of a single crystal of barium
sodium niobate (Ba:NaNb;Oy3),
humorously called bananas by the
developers. This crystal is not dam-
aged by laser light as other mate-
rials have been, and its ability to
generate harmonics is far superior
to anything so far developed.

Up to now the best continuous
tuning—achieved using electro-optic
techniques—has only covered a
bandwidth of =45 Ghz [Electron-
ics, Nov. 13, 1967, p. 58]. Paramet-
ric oscillators using other crystals
such as lithium niobate could only
tune pulsed light beams.

Efficiency of the new parametric
oscillator is about 1% though the
developers are confident of increas-
ing cfficiencies to at least 10% and
perhaps 20%. What remains now is
to improve stabilization techniques.

Selecting mirrors. In the Bell
Laboratories set-up, a bananas
crystal, placed in the cavity of an
yttrium aluminum garnet (YAG)
laser, doubles the 1.06-micron out-
put frequency, providing the 0.53
micron pump frequency. The green
beam then is focused by a lens and
directed at a temperature-controlled
bananas crystal. Inside the crystal
it interacts with the internal elec-
trical fields and produces two co-
herent waves, the sum of whose
frequencies equals its own fre-
quency.

Although no attempt was made to
suppress one of the output frequen-
cies, this could be done easily by
choosing the proper mirrors that,
along with the second bananas
crystal, form the parametric oscil-
lator cavity.

For parametric oscillation to oc-
cur, the pump and two harmonic
frequencies must move in synchro-
nization through the crystal. That
condition can only be met in a non-
linear optic crystal, where the index
of refraction varies with crystal
temperature and with the frequency
(dispersion) and polarization (bi-
refringence) of the light. In the ba-
nanas crystal there’s a temperature
at which dispersion and birefring-
ence offset each other for a par-
ticular pump and pair of generated
frequencies so that all three are in
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step. Then the pump gives up its
energy to the harmonics, which
grow into coherent waves.

The members of the develop-
ment team are Joseph E. Geusic,
Hyman J. Levinstein, Jerry Rubin,
Shobha Singh, R.G. Smith, and
Le Grand Van Uitert.

Communications

Taming the CC, laser

The use of lasers to beam television
signals over short distances is a
relatively easy stunt performed at
several labs. But training the beam
at a target millions of miles away
is something else again. Stability
problems with the laser and atten-
uation of the beam by the atmos-
phere play havoc with the signal.
Researchers at the Hughes Aircraft
Co. have taken a significant, albeit
small, step (18 miles) in that direc-
tion.

The team at the firm’s Malibu,
Calif., labs have built a carbon-
dioxide laser system that beams a
tv signal the 18 miles between the
lab and Baldwin Hills. The received
signals, using optical heterodyning
techniques, are good enough to
meet industry standards for com-
mercial transmission, says Frank
Goodwin, head of the research team
and a senior member of the techni-
cal staff. The signal-to-noise ratio
has been measured at 60 decibals
in the f-m mode.

Long shot. The CO: laser is suit-
able for such long-haul transmis-
sion, says Goodwin. Carbon-dioxide
designs have the highest power po-
tential of existing lasers—outputs
up to several thousand watts have
already been reported. And the la-
ser’s wavelength, 10.6 microns (far
infrared), is relatively immune to
atmospheric attenuation, During a
hazy day, attenuation of a visible
beam might reach 100 db; but for
the 10.6-microns laser, it’s only
about 15 to 20 db between the lab
and Baldwin Hills, he says.

In addition, the efficiency of CO,
lasers is much greater (10% to
15%) than that of lasers in the visi-
ble spectrum (less than 0.1% for
an argon ion laser, for example).
Finally, Goodwin says the far in-
frared is of interest because atmos-
pheric turbulence, which disturbs
the coherence of visible light, does
not significantly degrade coherence
at 10.6 microns,

Goodwin believes existing lasers
could handle the transmission of a
real-time tv signal from Mars using
no more than 100 watts of power.

Taking pains. The researchers
went to great lengths to stabilize
the output frequency, isolating the
laser acoustically by suspending it
in a spring system and hermetically
sealing it. This eliminated vibration
from the floor or turbulence from
air currents.

The Hughes system consists of
two identical lasers—the transmit-
ter oscillator at Baldwin Hills and
the receiver local oscillator at Mal-
ibu. The video input to the trans-

Over the air. Hughes designed this laser system for transmitting
tv signals over an 18-mile link. The next step? Maybe Mars.

Electronics | April 15, 1968



5.6 volt military zener

TRW
LVA diode...

the sharpest

knee below
10 Volts.

New TRW 5.6 Volt LVA zener

Tektronix type 575, 1V /div. horizontal, 1mA/div. vertical

Low operating currents...ultra low leakage

Take a close look at the lower
scope trace. The sharp knee
comes from low field emmission
leakage all the way out to break-
down, and extremely tight regula-
tion at low current levels after
breakdown.

No other zener can approach
the LVA performance below 10
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volts. You get low operating cur-
rents plus ultra low leakage in a
single device.

The Low Voltage Avalanche
zener is available in 10 values
from 4.3 volts to 10 volts. Deliv-
ery is off-the-shelf from authorized
TRW distributors, or contact TRW
Semiconductors, 14520 Aviation

Boulevard, Lawndale, Calif. 90260.
Phone (213) 679-4561. TWX 910-
325-6206. TRW Semiconductors
is a subsidiary of TRW INC.

TRW
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Model 1100
Semiconductor
Test System

New

automatic system
offers high current
tranststor

.and diodfz a
testing capabllltws
at minimum cost!

The new Test Equipment
Corporation Model 1100 test
system gives the budget-
conscious user more testing
capability per dollar than
any available system. It fea-
tures 100 amp pulse gain
measurements, 1 kilovolt
breakdown voltage capability
and reverse leakage current
measurements to 100 pico-
amps.

In addition, the Model
1100 automatically sequences
through five tests and logs
resulting data on paper tape.
Out-of-limit measurements
are printed in red. This ver-
satile system may be ex-
panded to include either a
Tally 420PR-24 punched
tape or IBM 526 card punch.

Write today for technical
and pricing information.

TEC offers test system de-
sign and engineering capabil-
ities and on request will quote
systems to meet specific user
requirements.

Test Equipment

E @ B ERREAREIEC) N
P.0. BOX 20215, DALLAS, TEXAS 75220 - 214/357-6271
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mitter comes from either a vidicon
camera or a commercial tv set. It
is sent through a modulator driver
before entering the electro-optical
modulator housed inside the trans-
mitter oscillator cavity. This modu-
lator is a gallium arsenide crystal
5 centimeters long with its end
faces polished and coated with an
antireflection material.

Goodwin says frequency modu-
lation in the laser is produced when
the phase of the light is modulated.

“We achieve f-m by driving the
modulator inside the laser oscillator
itself,” Goodwin notes.

The technique has its drawbacks,
however. Putting the gallium ar-
senide crystal inside cuts output
power from a typical 10 watts, to
about 1 or 2 watts. Hughes is al-
ready working on a wideband mod-
ulator outside the cavity that might
support many tv channels; the pres-
ent system is limited to one. By
then, the researchers plan to trans-
mit digitally, but they will continue
to use hetrodyning because of the
tremendous sensitivity it provides.

The modulated signal is fed to
transmitter optics, across the 18-
mile span to Malibu, and into the
receiver optical system. Both the
transmitter and receiver optics are
3-inch-diameter off-axis parabolic
reflecting telescopes.

Cold storage. Receiver optics fo-
cus the beam down onto the mer-
cury-doped germanium detector,
which is housed in a dewar and
kept at 21°K with liquid nitrogen.
This is where heterodyne mixing
takes place. A beam provided by
the laser local oscillator is super-
imposed on the detector and added
to the incoming signal.

The i-f amplifier, with a center
frequency of 30 megahertz, and an
8-Mhz bandwidth, follows the de-
tector. From the amplifier, the sig-
nal is fed to a discriminator, to
which is attached a television moni-
tor to display the received image.
Part of the discriminator output
drives an automatic frequency con-
troller. This locks the receiver local
oscillator 30 Mhz away from the fre-
quency of the transmitter laser,
which is 2.8 X 103 hertz. Goodwin
says the frequency changes only
about 3 parts in 2.8 million. The

entire system represents an invest-
ment of about $20,000 in hardware.

Consumer electronics

Radiating worry

Concern over radiation from con-
sumer and industrial products is
spreading out in almost as many
directions as the radiation itself.
But color television sets, which
started the whole thing, are still the
source of most of the worry.

The latest reactions to these
waves of apprehension include the
following:

» The cloak of anonymity has
been lifted from the color tv sets
tested for radiation leakage earlier
this year.

= Industry and Government are
taking the first steps toward adop-
tion of common standards for de-
tecting and measuring radiation.

= The radiation protection bill
passed by the House and a tougher
Administration-sponsored bill will
get hearings next month by the
Senate Commerce and Labor Com-
mittee.

» The National Association of
Government Employees is starting
to question limits set for air traffic
controllers who watch radar scopes.

» Studies of potential laser dam-

.age are being extended after an

initial survey showed that about
10,000 workers may be exposed to
dangerous laser beams.

Naming names. The National
Center for Radiological Health,
after a little prodding, disclosed the
brand names of the 1,124 sets
tested and how they scored. The
initial report didn’t mention any
company names; the center said
that to do so could be misleading,
because the survey covered only
sets owned by Public Health Serv-
ice employees in the Washington
area. Only after the press de-
manded the brand names under the
recently enacted Freedom of In-
formation Law did the center open
up the books. The survey showed
that 6% of the sets produced ex-
cessive radiation. The test results
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Series

235 Amperes RMS
25 to 1200* PRV

FORWARD CONDUCTING

1t avg —AVERAGE FORWARD CURRENT. .....uvvneernennnnnnnnnnnnnneenns 150 A.
Vtm —MAXIMUM PEAK FORWARD VOLTAGE DROP AT 25°C. AT
500 A. PEAK 180° CONDUCTION ANGLE. .. ........cceveeivunnnnnnnns 1.7V.
Ih  —TYPICAL HOLDING CURRENT AT 25°C..........0uveurneeeenonncnnnss 100 MA
Itsm —MAXIMUM PEAK ONE CYCLE SURGE CURRENT........................ 3000 A.
12t —I2t FOR FUSING (FOR TIMES == 1.5 MILLISECONDS).................. 37,000 A2 SEC.
Idm —MAXIMUM FORWARD LEAKAGE CURRENT AT 125°C. AND EBO........... 25 MA
tioft <=MAXIMUM OFEETIMEIATSIZBI0; . . (0 ivoie cons baiss bac s d kb iaiass Sials &pke 4044 SEC.
Fon Y PICRE AN TIME . ot e s el sieass B sis deis slege o as e o 10.54L SEC.
LRI T U 0 T U e e W P Lt o0 o Rl b B O e 1 3.254L SEC.
G TR CAY D EERYATIMES 8 -t a2 7.25/4 SEC.
©J.C —MAXIMUM THERMAL RESISTANCE, JUNCTION TO CASE (DC)............. 0.2°C./W
Ti  —OPERATING JUNCTION TEMPERATURE. .. .........cuvuunnneenaneennss 125°C.
TaUE —STORAGE [TEMPERRATURE i itn st s e s ions ety i atals i o s e —40°C. to 150°C.
BLOCKING
Irm  —MAXIMUM REVERSE LEAKAGE CURRENT AT 125°C. AND PRV............ 25 MA
dv/dt —MINIMUM CRITICAL EXPONENTIAL RATE OF RISE OF
FORWARD BLOCKING VOLTABE .. ... ..cuveeereeeeecosennnssasnsnsase 100 V./AL SEC.
TRIGGERING
Vgt  —MAXIMUM GATE VOLTAGE TO TRIGGER AT 25°C..........cveeeeeennes. 25V.
Vgt  —TYPICAL GATE VOLTAGE TO TRIGGER AT 25°C........cvvveennnnnnnnn. 1.3V.
Vgt  —TYPICAL GATE VOLTAGE TO TRIGGER AT 125°C..........c0veeveunnnn. 0.9V.
Igt  —MAXIMUM GATE CURRENT TO TRIGGER AT 25°C..........cc0uvunnnnnn, 200 MA
gt  —TYPICAL GATE CURRENT TO TRIGGER AT 25°C.........cvvvevnnunnnnns 100 MA
Pgm  —MAXIMUM PEAK GATE POWER...........ccovveinnnnnnnneeeennnnnn. 10.0 W.
REavE —AVERARE GAYE POWER . ... oty sausdsbiuslsnisansos v sibanls s nn 20 W.
Igm  —MAXIMUM PEAK GATE CURRENT..........coveuvnurnnnnnenennsaeens 2.0 A.
Vgm —MAXIMUM PEAK GATE VOLTAGE (FORWARD). ........cooevueeennnnnnss 10.0 V.
MAXIMUM PEAK GATE VOLTAGE (REVERSE).........covvvnerenunnnns. 5.0 V.

*1300 VoIt Transient Rating
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Rectijiers

=

Please send information on
[] Series 150 C-B Silicon

Controlled Rectifiers

[] Silicon Rectifiers

[] Selenium Surge

I
! Name/Title
! 7 SYNTRON
A DIVISION OF Compan
= me FMC CORPORATION b
CORPORATION .
. ® 241 Lexington Ave.
: Homer City, Pa. 15748 Street
Telephone 412—479-8011 : .
i City/State Zip
1

Suppressors
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[1 Selenium Rectifiers I
|
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Tuesday
morning
"a lot of people
on Pleasant
Avenue were

glum.

But not “Smiling” Sam Price. He's
one of the Twelve Cranks on Pleasant
Avenue. And last Tuesday he found a
lousy connection in a Trygon Liberator
Power Supply that was coming off the
line! It made his day!

The point is, of course, that loused-
up Liberators never leave Trygon. Not
with Sam Price and his un-merry men
around. Their job is finding problems
for us; so you don’t get any problems
from us.

Sam’s pet, the Liberator, gives you
the ultimate in IC and transistor system
power in minimum size at lowest pos-
sible cost. Wide slot adjustment ranges
with voltages up to 160v. Output cur-
rent levels up to 40 Amp (3%2”) and 70
Amp (5%4"). .005% regulation/.5 mv
ripple/ 3mv P-P noise/.01% stability/
extremely low output impedance/MIL
Spec. performance / integral slide
mounting/ automatic load share paral-
leling/ overvoltage protection.

And you can be sure of this. Every
Trygon Liberator Power Supply comes
off the line under Sam’s baleful eye.
Order one and see.

Trygon Power Supplies ;'
111 Pleasant Avenue, Roosevelt, L.1., N.Y. 11575

Trygon GmbH 8 Munchen 60, Haidelweg 20, Germany
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are shown at the right.

The test revealed some extremely
high radiation leakage. Of the 66
sets leaking radiation above the
accepted safe level of 0.5 milliroent-
gens per hours (mr/hr), 38 sets reg-
istered above 1.0 mr/hr, and three
others actually hit 12.5 mr/hr—the
maximum reading on the test in-
strument. Center engineers believe
the actual readings on these sets
were much higher. The three hot
sets were a Setchell-Carlson, a
Zenith, and a Magnavox. The Mag-
navox had an rca shunt regulator
tube and a Sylvania picture tube
and was operating at excessively
high voltage.

Twenty-three sets gave readings
of between 1.0 and 2.0, five be-
tween 2.0 and 3.75, ten between
3.75 and 12.5, and three over 12.5.

The survey said the probable pri-
mary sources of X-radiation emis-
sions were the high-voltage shunt
regulator tube, the high-voltage
rectifier tube, and the picture tube.
However, in two sets, no specific
source could be identified.

Do it yourself. James G. Terrill,
the director of the center, said the
Washington survey included too
few sets to yield an accurate na-
tionwide estimate. He estimated,
however, that 700,000 to 1.4 million
color tv sets in the U.S. leak ex-
cessive radiation.

But instead of starting a nation-
wide campaign to halt the leakage,
the center is working with manu-
facturers to make certain that all
new sets are tested before leaving
the factory. Because of the short-
age of trained technicians who are
properly equipped with devices to
detect and measure radiation, the
center is only recommending that
owners take their sets to a repair
shop to make sure the high voltage
is set at the proper level. This
usually reduces the radiation.

The survey found that four
brands—rca, Zenith, Magnavox,
and Setchell-Carlson—made up
86% of the number of sets leaking
excessive radiation. There were no
General Electric sets that leaked
excessive amounts, obviously be-
cause GE tracked down and ad-
justed its faulty receivers after they
set off the big scare last year.

X-ray emission from color tv

Sets above
Total sets  safety

Brand name surveyed standards
RCA 360 20
Zenith 162 19
Sylvania 100 0
Motorola 75 4
GE 72 0
Sears 71 1
Magnavox 69 10
Philco 45 0
Airline 33 il
Admiral 30 0
Westinghouse 19 0
Heath 18 0
Dumont 16 0
Penncrest 15 i
Setchell Carlson s 8
Packard Bell 7 0
Muntz 6 0
Curtis Mathis 4 0
Delmonico 2 1
Symphonic 2 1
Bradford 2 0
Clairtone 1 0
AMC L 0
Panasonic 1 0

Total 1,124 66

Manufacturers of brand named sets

Sears Warwick Electric, Toshiba

Airline Hoffman Products,
man Electronics

inghouse, Clairtone

Muntz TV Corp. of America

Bradford Wells-Gardner, Matsushita

Clairtone Westinghouse, Wells-Gardner,
RCA

AMC Clairtone

Panasonic Matshushita

At the same time the center was
preparing to disclose the manu-
facturers’ names, it was sponsoring
a conference in Washington on de-
tecting and measuring X-radiation
from color tv receivers. Up to now,
there have been no uniform
methods of detecting or measuring
it. Although there are no definite
plans yet, the center and the Elec-
tronic Industries Association will
probably organize a committee to
work out recommendations.

Question of control. Although in-
dustrial trade unions made some
noises about worker protection
after the GE reports, one of the first
unions seriously looking into the
matter is the National Association
of Government Employees, which
represents air traffic controllers.

Alan J. Whitney, executive vice
president of the union, in testimony
before Congressional cemmittees,
has implied that the Federal Avia-
tion Administration’s radiation
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Tﬁ?‘@ MOTDYE:,‘,SOO transistorized | T- OHMMETER
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MODEL 8600

ZERO n
ADJUST - ADJUST

NEW SULII] STATE VOLT-OHMMETER

F-E-T CIRCUITRY —PORTABLE BATTERY OPERATED WITH 11 MEGOHM INPUT IMPED-
ANCE (FIELD EFFECT TRANSISTOR). STABLE: LOW DRIFT.

ONE SELECTOR SWITCH MINIMIZES CHANCE OF INCORRECT SETTINGS AND BURNOUTS.
® DC POLARITY REVERSING.

HUMAN ENGINEERED FOR EASE OF USE. CLEAN UNCLUTTERED SCALE, EXCELLENT
@ RANGE OVERLAP, FOR MORE ACCURATE READINGS.

Model 600 TVO Y
(Transistorized Volt-Ohmmeter) 3
‘i Koo ;’ s i

e - Suggested U.S.A. User Net
Model 600 on stand handle 5 Available Now At Your ELECTRICAL INSTRUMENT COMPANY
leather case $14.70 Local Distributor BLUFFTON, OHIO
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LESS THAN
180
PER GIRGUIT

The new Daven ‘‘X'' switch has
been life tested for 50,000 cycles
of rotational life with no failure
carrying a .500 amp load at
125:C,

The 10 deck, 1 pole, 12 position
per deck model shown, sells for

only $21.45 or $.17875 per cir-
cuit in 100 pc quantities.

We build switches like no one else can!

DAVEN

EDISON

INDUSTRIES
GRENIER FIELD, MANCHESTER, N.H. 03103
(603) 669-0940 « TWX 603-623-4938

DIVISION OF THOMAS A.
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safeguards are inadequate. The
FAA'S “maximum exposure” to ion-
izing radiation is 100 milliroentgens
a week. Based on a 40-hour week,
this equals 2.5 mr/hr. The gen-
erally accepted safe level, as noted,
is 0.5 mr/hr.

Hard light. In another area, a
survey made by the Public Health
Service’s National Center for Ur-
ban and Industrial Health in Cin-
cinnati disclosed that 60% of laser
workers in the scientific instrument
industry faced potential risk of eye
damage or serious burns. The fig-
ure was based on a study on the
use of 267 lasers in 43 plants in
Massachusetts. The survey is now
being extended to New Jersey and
later will move to California.

The survey called laser safety re-
quirements surprisingly lax. For ex-
ample, only about 45% of the firms
required eye shielding in laser
areas, and about 25% of the gog-
gles provided are inadequate. Only
a few plants had laser warning sig-
nals or signs. At the same time that
this report was released, the newly
formed laser subdivision of the rra
voiced approval of the radiation
control bill passed by the House,
which covers lasers, and organized
a committee to work on laser safety
studies and promotion.

Military electronics

Back to the drawing board

Less than a month after Robert
S. McNamara closed the door on
his Pentagon office for the last
time, his successor slammed the
door on one of the former Defense
Secretary’s most cherished dreams
—a military aircraft that would be
almost everything to almost every-
one.

McNamara had nursed the con-
troversial craft—originally desig-
nated the trx—through several
modifications and had staked his
reputation as a managerial genius
on its success.

But the bubble burst late last
month when one of the plane’s
prime missions was dropped. De-
fense Secretary Clark Clifford de-
cided that the brass had been right
all along: the Navy version, the
F-111B, was, among other things,
too heavy to be effectively flown
from a carrier deck.

And just a few hours after the
Defense Department’s  decision,
the Senate Armed Services Com-
mittee axed the fiscal 1969 funds
carmarked for the production of
30 F-111B’s. The Congressmen in-

Reprinted by permission of Register-Tribune Syndicate
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for the
Protection
of
Solid State
Devices

TRON fuses are especially designed for the protection of Solid State Devices . . .
such as semi-conductor rectifiers, SCR’s, thyristors and the like—or wherever
a very fast acting fuse is needed. 4

They provide extremely fast opening on overload and fault currents, with '
great limitation of the let-thru current.

If each diode is protected by a TRON fuse, the fuse will open very quickly
when the current drawn exceeds the rating of the diode.

Thus when a short-circuit occurs in a diode the fuse opens and takes that
diode out of the circuit. This protects other good diodes in the rectifier which
might otherwise be damaged.

TRON fuses are available in a wide range of physical dimensions and
in sizes from 15 to 1000 amperes in voltage ratings up to 600.
For full information and time-current characteristic charts,
ask for BUSS Bulletin HLS.
BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Mo. 63107

S ———

SUPPLIED THE ECONOMICAL WAY

...THRU DISTRIBUTORS
FOR MODERN ELECTRICAL ’I‘
PROTECTION ... /NS/ST ON | S| Ql |ALI
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SIMPLE
FRONT
PANEL

MOUNT

FEATURES:

* Brilliant 1-inch high charac-
ters * Readable at 50 feet—in
bright daylight ambient * Low
Current x Low Voltage %1,000,-
000 hours lamp life * No costly
rectangular front panelcutouts
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sisted that the Pentagon instead
come up with a new craft that
would use the same Phoenix mis-
sile system and engine as the F-
111B, but would be much lighter
and more maneuverable and would
be designed strictly for naval op-
erations.

Substitute. Early this month, the
Senate reached a compromise with
the Navy and Pentagon by provid-
ing nearly $300 million for devel-
opment of the alternate model
during fiscal 1969; this includes
funds for additional F4] fighters
as an interim craft. Four air-
craft companies—Ling-Temco-
Vought, Grumman Aircraft, North
American Rockwell, and McDon-
nell Douglas—are already working
on designs. The timetable now
calls for the project to reach its
contract-definition phase by Jan-
uary.

The furor over the Navy version
was still going on when trouble
struck the Air Force version, the
F-111A. Two of the first six planes
sent to Thailand for combat trials
were lost during sorties against
North Vietnam.

Clifford, who has had to devote
a lot of his time to F-111 problems
during his first 30 days on the
job, immediately grounded the
other four planes, dispatched an
investigating team to Thailand, and
ordered more extensive testing of
the F-111A’s remaining in the
States. Air Force officials, eager
for a scapegoat, hinted that the
plane’s terrain-following radar may
have contributed to at least one
of the crashes. The true cause may
not be known for several weeks.

Thumbs down. The F-111 pro-
gram experienced an earlier set-
back late last year when Britain
canceled a large order for the
planes as part of its retreat from
a worldwide military role. Only
the Australians still plan to buy
the craft, and only in limited num-
bers.

Nevertheless, McNamara’s plan
for a versatile aircraft isn’t yet a
complete washout. The difficulties
with the F-111A will undoubtedly
be worked out. Work on the
bomber version, the FB-111, is
progressing, and the plane appar-
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ently will be a success even though
it’s limited by a small bomb load.
And the reconnaissance version,
the RF-111, seems a sure success.

Industrial electronics

Change in the guard

Security at many plants is about as
old-fashioned as the technology
within is modern. At some installa-
tions, security still means a lonely
codger checking identification
cards at the front gate.

Bernard M. Van Emden, head of
Litton Industries’ Applied Tech-
nology division’s Security Identifi-
cation Laboratory, thinks electron-
ics can do the job better, faster, and
probably cheaper. He’s designed a
system that uses magnetically en-
coded 1 cards that would be diffi-
cult for even the gang from tele-
vision’s “Mission Impossible” to
forge.

In or out. The card is inserted
into a card reader, which scans the
encoded data. Called an Auto-
guard, the reader can be connected
to an alarm system that would be
sounded if the encoded data isn’t
correct. Connected to an automatic
door, the reader would signal the
unlocking mechanism when the
data is correct.

The card, called Magna-Badge,
is about the same size as a credit
card and is encoded in one of two
ways: for small amounts of data—
up to 130 bits—a circular track is
used; for large amounts of data—
up to 800 bits—a multitrack, lineal
configuration is used. The data can
be erased and the card can be en-
coded as often as necessary. Photo-
graphs and other visual data can
also be placed on the card.

“Duplicating any part of the sys-
tem,” says Van Emden, “would be
a very expensive and time-consum-
ing operation. Besides which, you
must first know the code structure,
and that can only be obtained from
someone on the inside.”

Recording data. The encoder can
be a simple keyboard that is man-
ually operated or a printer that is
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Chassis Mounted
Integral Leads

Chassis Mounted
PC Card &
Solder Pads

Plug-In with
Solder Pins

FEATURES:

* Decodes and directly
drives all available 7 segment
incandescent readouts — up
to 80 MA per segment
* Complete package—no ad-
ditional components required
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You can selectively transfer 216 circuits

with these two Ledex switches
and only 10 wires

As you can see from the diagram, our Selector Switches
can do a lot of work in a small space. And they’ll do many
different jobs, some smaller, some larger. That's why
they are known by many different names.

To some engineers a Ledex Switch is a programmer
or a batch accumulator. To others it's a light dimmer or
binary-to-decimal converter. To you it might be a se-
quencer, a thermo-couple scanner, a memory pulse de-
coder, a destruct switch or an intervalometer.

We have 36 stock models, 28 and 100 VDC, to give
you a quick start on your prototype. Or, if you've got a
special problem, our engineers will come up with a
custom model.

Our 36-page catalog tells all about Ledex Switches.
For your copy just drop us a note. Or, call and we'll talk
about your special application.

Write for catalogs on Rotary Solenoids, Push-Pull
Solenoids, Stepping Motors and Rectifiers. Also check
our “Package Control Service” for black box and timed
switching solutions.

: 2 55 In this example, 2 manually
3 17 i operated switches, one 10-
6 8

e 5 position and one 24-position,
1431511107 let you select any one of 216

ircuits.

c
10 wires are all you need.
A 10-position remote Ledex
Switch selects any one of 9
circuits on a 9-pole 24-throw
Ledex Switch. This gives you
a 1-pole 216-throw selector.
Combinations are unlimited.

(

Size 13" x 2” x 214"

LEDEX DIVISION, LEDEX INC.
123 Webster Street, Dayton, Ohio 45402  phone (513) 224-9891
Custom Circuitry & Controls
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controlled by an on-line computer.
The price of the simplest system—
including encoder, card, and card
reader—is about $500; cost in-
creases with complexity.

Litton is also looking into finger-
print identification. The company
is seeking to code a print digitally
and then code this magnetically on
the card.

Van Emden sees other possibil-
ities for the system. For example,
the Magna-Badge system could be
used as a time card when coupled
with an electric clock containing a
readout device. Other potential ap-
plications include elevator systems
in which the Autoguard could be
set for certain floors, and library
systems in which book-checkout
procedures are controlled.

A paper will be presented on this
system at the National Symposium
on Law Enforcement Science and
Technology in Chicago, April 18.

Manufacturing

Turned off on real time

Last fall, officials at ITT Semicon-
ductor asked themselves whether
their integrated circuit production
would grow enough by the mid-
70’s to justify the use of a real-
time computer system to control
testing, inspection, and processing.
The answer, after a joint study by
1rt and the Burroughs Corp., is no.
When 11t started the study last
November [Electronics, Nov. 13, p.
52], Irwin A. Horowitz, director of
information systems, said, “If our
concept proves feasible, 1t will
spend about $10 million for exten-
sive centralized computer 1c test
equipment in the next five years.”
However, the Horowitz team
found that a real-time system using
two large digital computers would
be too expensive. For one thing,
the study showed that about 80%
of the money would have to be
spent for interface gear, the equip-
ment that serves as the real-time
link between the computers and
the test and production stations.
Off line. Horowitz is now look-
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ing at an off-line system that uses
centralized digital computers but
isn’t in real time. Each station will
have a tape machine to accumulate
test and production results. The
tapes can then be scrutinized by
off-line computers.

Triggered by a computer, an
adapter on the tape machine re-
verses direction so that segments
of the tape can be used to repro-
gram a station to test a different
batch of 1¢’s. Horowitz thinks the
two- or three-hour delay in getting
reports will be more than offset by
the potential savings of several
million dollars.

For the record

The big picture. Among the new
developments unveiled at the Na-
tional Association of Broadcasters’
show in Chicago this month was
a 3-by-4-foot color television dis-
play system suitable for use as a
studio monitor. The system, devel-
oped by General Electric, operates
on a proprietary principle called
color selection. GE, which says the
display could be expanded to 6 by
8 feet, will begin selling the system
next year at $35,000.

Groovy. CBS Laboratories, under the
direction of Peter C. Goldmark, has
developed a seven-inch record that
plays for two hours on each side. The
record, which has a frequency response
of up to 5,000 hertz—not good enough
for high-fidelity reproduction—runs at
a speed of 815 rpm. CBS, also
developed a thinner stylus and

special playback unit for the record.
The longer playing time was obtained
by squeezing in 700 grooves per inch.
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Now from Spragve!

All the advhfage of tantalum
in one LOW COST capacitor!

EPOXY-DIPPED TANTALEX®
CAPACITORS . . .

For industrial, commercial,
and entertainment electronic
applications where tantalum
capacitors where previously
too expensive!

|E~Type 196D Solid-electro-
lyte Tantalum Capacitors have
special epoxy-dip coating which
keeps costs down without sacri-
fice in dependability. Positively
seals capacitor section while
providing excellent electrical in-
sulation. Protects against me-

chanical damage in handling.

Radial lead design for
plug-in mounting on printed
wiring boards. The .250” lead
spacing will fit standard .125"
grids.

SPRAGUE COMPONENTS

CAPACITORS
TRANSISTORS

RESISTORS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
INTERFERENCE FILTERS

FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS
PULSE TRANSFORMERS
PULSE-FORMING NETWORKS

4sc-8116

o T -_— ¥ — ®
PACKAGED COMPONENT ASSEMBLIES s p R n G u E

CERAMIC-BASE PRINTED NETWORKS

—{ & High stability — very little
capacitance chonge, even at
outer limits of operating tem-
perature range.

Low dissipation factor of
these capacitors permits higher
ripple currents.

Meet environmental test
conditions of Military Specifica-
tion MIL-C-26655B.

{~Prime capacitance and
voltage ratings. Based on rating
popularity of other types of
solid tantalum capacitors.

Designed for continuous

operation at temperatures from
—55C 10 4-85C.

For complete technical data, write
for Engineering Bulletin 3545 to
Technical Literature Service, Sprague
Electric Company, 35 Marshall Street,
North Adams, Massachusetts 01247.

THE MARK OF RELIABILITY

*Sprague’ and ' (2)" are registered trademarks of the Sprague Electric Co.
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MINIATURE SIZE RELAY [ CONTACT RATINGS: Contact Material: Rhodium. Maximum Volt-
age (Volts): 50 VOC, 150 VAC. Maximum Current: Switch, .500 amp. Carry, 2.5 amps. Maximum
Power (Watts, DC): 6 Watts. Resistive or properly suppressed (VA, AC): 10 VA. Maximum Re-
sistance Initial: 100 milliohms. End-of-life: 2 ohms. Peak Breakdown Voltage: 300 volts rms.
Life & Reliability At Rated Load: 20 x 10° operations. Dry Circuit: 500 x 10° operations.

OPERATING PARAMETERS : Speed: Depending on sensitivity and number of poles, the speed for mini-
ature size relays is from 1 msec to 2% msec, including contact bounce and coil time. Insulation Resist-
ance: Coil to ground: 50 megohms (min). Coil to contact: 500 megohms (min). Temperature Range:
~50°C to +105°C. Vibration: 106 @ 10-55 cycles/sec (open or closed). Shock: 15G (min).

STANDARD SIZE RELAY [J CONTACT-RATINGS: Contact material: Rhodium. Maximum Volt-
age (volts): 150 VDC, 250 VAC. Maximum Current: Switch, 1.5 amps. Carry, 6 amps. Maximum Power
(Watts, DC): 25 watts. Resistive or properly suppressed (VA, AC): 40 VA. Maximum Resistance,
Initial: 50 milliohms. End-of-life: 2 ohms. Peak Breakdown Voltage: 500 volts rms. Life & Reli-
ability, At Rated Load: 20 x 10° operations. Dry Circuit: 500 x 10° operations.

OPERATING PARAMETERS : Speed: Depending upon sensitivity and number of poles, the speed for
standard size relays, including contact bounce and coil time, is: 2% msec to 6 msec. Insulation Resist-
ance, Coil to ground: 100 megohms (min). Coil to contact: 2000 megohms (min). Temperature
Range: —50°C to +105°C. Vibration: 10G @ 10-55 cycles/sec (open or closed). Shock: 15G (min).

If one of these
dry reed relays

won’t do the job,

Call us.

You'll find a new line of dry reed
relays at Adlake. Both standard and
miniature sizes. Single, double, and
4-pole design. But if we don’t have
the relay you need, don't give up on
Adlake. We can work with you in
solving your circuit design problem.
Just call us and we’ll put you in
touch with an engineer who spe-
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cializes in dry reeds. He can help you
develop the relay that's best suited
to your needs. In addition to dry
reeds, we have the world’s most
complete line of mercury-wetted
and mercury-displacement relays.
So don’t forget our telephone num-
ber. It's the one to remember when
quality and service count.

SINCE 1857

THE ADAMS & WESTLAKE COMPANY
A sussipiAry oF ALLIED probucTs CORPORATION

Elkhart, Indiana, U.S.A. 46514 - (219) 264-1141
TWX 219 522 3102  TELEX 25-8458 « CABLE ADLAKE
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U.S. maps 10-year
oceanology effort

L.A. studies aimed
at clearing the air

IC makers start
work on Sentinel

Comsat gets start
on worldwide net

Intelsat 3.5 bidding
reopened by Comsat

Electronics | April 15, 1968

Washington Newsletter

April 15, 1968

The Administration will soon issue a white paper spelling out the major
details of a plan to make the 1970°s a decade of international ocean
exploration. The paper will disclose that the U,S. is willing to spend
from $3 billion to $5 billion on the program over the decade if other
countries agree to make substantial contributions. Informal talks with
other nations, including the Soviet Union, indicate they are interested.

The domestic U.S. oceanographic program is now funded at about
$500 million annually. If approved, the new project would push U.S.
spending in this field to $1 billion a year.

The Government, stepping up its efforts to help solve urban communica-
tions problems, has chosen Los Angeles as the site for two pilot projects.

The Office of Telecommunications Management is cooperating with
Los Angeles officials in a study of the city’s communications administra-
tion. The second project, aimed at hitting upon the “best possible utiliza-
tion” of the frequency spectrum, is a joint effort of the city, the Office of
Telecommunications Management, the FCC, and the President’s task
force on communications policy.

Hybrid integrated-circuit makers are feeling the first impact of produc-
tion dollars in the Sentinel antiballistic missile program. RCA, Motorola,
and Texas Instruments have received $5 million each for IC production
and preproduction engineering. The Army estimates that 7 to 9 million
IC’s will be needed for the computers and radar.

Most of the initial production money, $85.5 million, will go for elec-
tronic systems and components. Raytheon is getting $19 million for the
missile site radar, General Electric $1.7 million for the perimeter acquisi-
tion radar, and Lockheed Electronics $1.7 million for data processing
equipment. The direct payment to the prime contractor, Western Electric,
is $28 million. The contracts are for six months, ending September 30.

Comsat has taken the first step toward a permanent worldwide tracking
network. Operated full time, the network will replace the tracking and
control now performed part time on communications antennas. Acting on
behalf of the Intelsat Consortium, Comsat has just contracted for a track-
ing station in Fuchino, Italy, that has a 44-foot antenna dish. The
Fuchino station was made available when the Italian communications net-
work put a new facility into operation at a nearby site. The newer station
has a 90-foot dish.

Intelsat expects other older stations to become available as soon as
newer facilities go on line.

Comsat has rejected the only bid it received on the Intelsat 3.5 communi-
cations satellite—from TRW Inc.—and is now asking for new proposals
by April 22. It’s relaxing two specifications to attract more industry inter-
est this time around. The new ground rules call for delivery in 15 months,
against 12 in the earlier specs, and bidders now have a choice of offering
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Pentagon cools it
on IC designs

Controversial F-12
heating up another
election campaign?

Second uhf meeting
stalemated, but Lee
will try, try again

Washington Newsletter

either the originally specified configuration of one broad earth beam and
two spot (squinted) beams of 6° each, or only two spot beams.

In rejecting the TRW bid, Comsat called the offer unresponsive to the
request for proposals. TRW had said its first satellite would be ready in
15 months instead of a year, and Comsat indicates that other companies
would have bid if this longer delivery time had originally been allowed.
Insiders feel TRW probably figured that even though it was exceeding
the delivery schedule, it would, as sole bidder, win the contract by default.

The Defense Department is standing by its pledge to maintain a hands-
off attitude toward integrated-circuit designs. It appears that military
officials are now concerning themselves only with the form, fit, and func-
tion of IC devices, not with their design.

This is in keeping with the Pentagon’s policy paper on microelectronics
issued last April, a document that bars interference in the relationship
between systems designer and IC supplier. As long as a system’s perform-
ance is up to specifications, the Pentagon is staying out of the way.

One industry official comments: “We're enjoying this now, but I don’t
know how much longer they can carry it off. My guess is not much longer
—maybe a year.”

The F-12 supersonic fighter, which sparked a political controversy during
the 1964 Presidential campaign, may do it again in '68.

From a battle within the Pentagon between civilian backers of the
F-106X and Air Force supporters of the F-12, the struggle is suddenly
mushrooming into a political issue. Both sides have been busy lining up
support in Congress, with the Pentagon’s civilian officials openly declar-
ing they’ll fight Congressmen who’d kill the F-106X program to pave the
way for the F-12.

The Air Force, which wants the F-12 as the interceptor for the Air-
borne Warning and Control System (Awacs), picked up valuable ground
when the Senate Armed Services Committee cut back the F-106X pro-
gram. The committee trimmed from the fiscal 1967 budget $24 million
that was earmarked for modifying the F-106 with new electronics and mis-
siles.

FCC Commissioner Robert E. Lee is a determined man. A strong advo-
cate of uhf television, he tried again this month to get tv-receiver manu-
facturers to agree to detent the uhf tuners on their sets [Electronics,
March 18, p. 69], but the Chicago meeting ended in a stalemate. A con-
ference of tv makers called by Lee last month flopped because few firms
attended. But Lee isn’t giving up; he plans to call a third meeting next
month, this one in Washington.

Uhf broadcasters are trying to get set makers to adopt new, solid state
all-channel tuners, but the manufacturers claim the devices would only
add to the cost of the sets and would have no sales value. An additional
problem is that only an estimated third of all present sets are equipped
with automatic frequency controls, devices providing the fine tuning that
detent tuners generally need.

Lee’s purpose in pressing for these meetings is to get set manufacturers
to act voluntarily on this matter. The FCC can force them to detent uhf
tuners, but only after a lenghy rule-making process.
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REGULATION

The QRC solves the
size / power / regula-
tion problem by combin-
ing all silicon, low-voltage
series regulator circuitry with
high-speed transistor switching
techniques.

Sorensen High Performance QRC Series:

The QRC Series covers a wide target area without performance
trade offs. Standard features include excellent regulation for
voltage and current, fast response time (=<25usec.), and sur-
prisingly small size for power outputs to 1200 watts at ambient
temperatures to 71°C.

Some laboratory power sources offer high power levels, but
are bulky and, by today’s standards, are unregulated. Others
offer excellent regulation specifications, but are inefficient and,
if high-power levels are desired, become large heat sinks.
Sorensen QRC'’s are high efficiency, compact power sources
which have excellent performance characteristics with prices

starting at $325. Seven models are available from stock, cover-
ing the range of 0-40Vdc at currents to 30 amperes.

Additional features resulting from the utilization of sophisti-
cated regulation techniques include low ripple (<ImV r.m.s.);
output voltage and current resolutions of 0.01% and 0.05%,
respectively; remote programming in both the voltage and cur-
rent modes; remote-sensing and a soild state automatic-

crossover indicator.

Contact your local Sorensen representa-
tive or: Raytheon Company, Sorensen
Operation, Richards Avenue, Norwalk,
Connecticut 06856, TWX 710-468-2940.

for more data on this versatile instrument . . . Cull Sorensen: 203'838'6571

Electronics | April 15, 1968
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Or telephone (213) 849-2414.

If you’d like to have our 1968 catalog, write to ACDC Electronics, Inc.,

2979 Ontario Street, Burbank, California 91504.
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NO CONTEST

if you’re looking for 1 to 2 watts
of continuous audio power

See for yourself why General Electric’s silicon monolithic IC’s
can’t be beat.

No matter what your application, the PA234 or PA237 probably fits . . . and you save on
design expense. See if you can draw a path from the feature most important to you, to the
PA237 amplifier in the center of the puzzle. If you can get to the center, the PA237 is right
for you. If you want to prove it to yourself, tell us your expected application and we’ll send
you a free PA237 to put to the test. Simply tear out this page and send it with your name,
address, title, company, and PA237 application to Product Manager, Monolithic Audio
Amplifiers, General Electric Company, Northern Concourse Office Bldg., North Syracuse, N.Y.
For more facts, turn the page.}

SEMICONDUCTOR PRODUCTS DEPARTMENT

GENERAL @3 ELECTRIC




Save design expense.
Take advantage of the PA237’s
application versatility.

Because General Electric’s PA237
operates over a supply voltage
range of 9 to 27 volts, you can
probably use this one circuit for
most of your applications and
save money. It is capable of de-
livering up to two watts of power
to resistive or inductive loads.
(Pictured actual size.)

The PA237, shown in this circuit
diagram, converts 8 mV of input
signal to 2W of continuous, low
distortion output power.

General Electric’'s PA234 gives
you the lowest total cost for a
1-watt amplifier function through
a combination of low device cost
and minimum number of outboard
components. (Shown actual size.)

10

& " £t d

- _,__L PA234 audio amplifier delivers 1
Y watt of continuous power to a 22-

ohm load from a 22-volt supply.

g_gx “Ji

Now you can use a smglé IC for most of your audlo appllcatlons
by simply varying its bias.

General Electric PA237 silicon mon-
olithic audio amplifier is designed
to have its biasing network external
to the chip. Thus appropriate bias-
ing for any power supply from 9- to
27-volts is readily achieved.

External biasing permits opera-
tion with Class A, Class A-B, or
Class B output modes. The input
may be biased for voltage or cur-
rent sources as well as differential
signals.

In addition to the PA237's wide
range of supply voltage and bias
alternatives, feedback may be ap-
plied to the amplifier to allow adjust-
ment of stability, input and output

impedance and amplifier sensitivity.
Simple AC and DC feedback net-
works are employed to provide ex-
cellent stability with frequency and
temperature.

General Electric’'s 1- and 2-watt
low-distortion amplifiers are pack-
aged in an 8-lead dual-in-line plastic
package with a tab for transferring
heat to a printed circuit board. This
means easy insertion into the P.C.
board and easy heat sinking too.
General Electric's PA234 is the
ultimate in low cost 1-watt mono-
lithic audio IC's. Its low cost plus
the least number of outboard com-
ponents of any audio amplifier on

the market makes the PA234 the
most economical alternative for
achieving one watt of audio power.

Both General Electric’'s PA234 and
PA237 offer you outstanding per-
formance and top reliability in a
wide range of circuit applications.
These varied uses include phono-
graphs, dictating equipment, tape
player/recorders, and TV, AM, and
FM receivers. Plus: the PA237 can
drive inductive loads or provide
voltage regulation for 1% typical
over a 9- to 27-volt range. For more
information on how GE can save
you design expense and cash out-
lay circle number 515.



Industry’s most predictable
UJT saves time and money.

Stand-off ratio spread +=3%!!
Oscillator frequency shift .6% max.!
(—15°C to +65°C)
GE’s D5K1 and D5K2 planar com-
plementary unijunction transistors
offer greater stability and uniform-
ity than any UJT previously avail-
able. They have characteristics of
standard unijunction transistors
except that, being complementary,
their currents and voltages are of
opposite polarity. For most
applications, polarity is ]J
unimportant. J’ L
The D5K1 and D5K2 3
combine planar and inte- Il
grated circuit techniques | ||
resulting in a much tighter :
intrinsic-standoff ratio dis-
tribution and lower satura-
tion voltage. This gives them both
a new high level of performance
predictability versus temperature.
Timing stability of 0.5% s
achievable without the necessity
of expensive temperature testing
on individual devices to deter-
mine the compensating resistor.

For more details circle number
516.

1200-volt, 400-amp

P e e e oS
PRESS PAK

silicon rectifier costs less.

If you want a high power silicon
rectifier diode with the same
proved, all-diffused construction
of the A90 series, General Elec-
tric offers the A390 PRESS PAK.
The package innovation delivers
far more continuous current than
comparable stud-mounted devices,
and it's smaller, too.

The new PRESS PAK package,
using pressure contacts, allows
double-side cooling to significant-
ly reduce thermal resistance and,
therefore, increase current ratings
about 60%. Result: You get more
average amps per dollar.

Light weight, hermetically-sealed
PRESS PAK also features reversi-
bility of mounting, thus eliminat-
ing the need for special reverse
polarity units. And it complements
many SCR’s already
in the PRESS PAK
package. For
more details,
circle
number 517.

Now you can custom tailor
UIT characteristics
to meet your specific needs.

With General Electric’'s
D13T1 and D13T2 pro-
grammable unijunction
transistors (PUT) you can
now program unijunction l
characteristics such as 7,

Rse, lp, and Iv to your spe- ”
cific needs by adding two
external resistors.

Generally, the D13T gives pro-
grammability without increasing
circuit complexity. In fact, it often
reduces circuit cost. And the PUT
offers tight parameter specifica-
tions, high sensitivity, low unit
cost, low leakage current, low
peak point current, low forward
voltage, and fast, high-energy
trigger pulse too.

D13T2 is specifically character-
ized for long interval timers and
other applications requiring low
leakage and low peak point cur-
rent. The D13T1 has been char-
acterized for general use where
low peak point current is not es-
sential. Circle number 518.

For more information on these and other General Electric semiconductor
products, call or write your GE sales engineer or distributor, or write
General Electric Company, Section 220-63, 1 River Road, Schenectady,

N.Y. 12305.

In Canada: Canadian General Electric, 189 Dufferin St.,

Toronto, Ont. Export: Electronic Component Sales, IGE Export Division,
159 Madison Ave., New York, N. Y. 10016.

SEMICONDUCTOR PRODUCTS DEPARTMENT

GENERAL @3 ELECTRIC
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A completely new instrument from
Supply with plug-in conversion

=) iV ars
; -

With this plug-in accessory it becomes a High Precision Power
Differential Voltmeter that obsoletes any instrument now offered for this service

Basic Max. Amps at Ambient of " Diff. VM Accessory
Non-Metered Voltage
Model Range | 30°C | 40°C | 50°C | 60°C | Price'?) Model Price
LS-511 0-10VDC | 2.8A | 2.5A | 2.1A | 1.7A | $375 [LS-DM1| $85
LS-512 0-20vDC | 1.8A | 1.6A | 13A | 1.1A 375 | LS-DM2 85
LS-513 0-40VDC | 1.0A | 0.9A | 0.75A | 0.6A 375 | LS-DM3 85
LS-515 [0-120VDC | 0.33A | 0.29A | 0.25A | 0.21A| 375 |LS-DM5 85
LS-516 |0-250vDC | 0.1A | 0.09A | 0.08A | 0.07A| 380 | LS-DM6 85

1 Current rating applies over entire voltage range. Ratings based on 55-65
Hz operation.

2 This price is for Precision Power Source only. Addition of Differential
Voltmeter Accessory Plug-In (next two columns) is necessary for unit to
function as High Precision Power Differential Voltmeter.

® Draw power as you measure voltage— The first
and only differential voltmeter to furnish high
stability power output while being used as a

® Completely protected: short-circuit proof; con-
tinuously adjustable automatic current limiting

® Overvoltage protection available as low cost

voltmeter. .. no need for a separate power
supply.

® 2 meters — Monitor both voltage and current si-
multaneously and continuously.

® Guaranteed for 5 years — The only 5-year guar-
antee that includes labor as well as parts.
Guarantee applies to operation at full published
specifications.

@® All-silicon design for maximum reliability

add-on accessory
® Rubber Feet provided for bench use.

Power Supply specifications for Voltmeter
same as for Power Supply—see next page

OVERVOLTAGE PROTECTION

@® Convection-cooled for convenience and reliabil- For Use With Model o Adj. Price
2 5 olt. Range
ity . . . no blowers or heat sinks.
® 5 voltage ranges: 0-10, 0-20, 0-40, 0-120, LS-511 . (0-10VDC) | LHOV4 324V ' 335
: . . LS-512 (0-20VDC) | LHOV-4 324 V $35
0-250VDC—Wide selection of ranges to suit
iz LS-513 (0-40VDC) | LHOV-5 347 V $35
your specific needs. LS-514 (0-120VDC)| LHOV-6 370 V $35
@® llluminated Digital Readout Millimatic(™) gang

dialing—5-digital voltage dials with automatic
decade turnover provides convenient precise
adjustment.

® Only 5%” high—Convenient half rack size for
rack or bench use.

® 0.01% -+ 1mV accuracy

@ Stability 0.001% + 100uV for 8 hours

LAMBDA

ELECTRONICS CORP.

515 BROADHOLLOW ROAD-MELVILLE.LI NEW YORK11746.(518)894-4200

—
A (&e/-‘ SUBSIDIARY

VEECO HIGH VACUUM EQUIPMENT/LAMBDA POWER SUPPLIES
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With this plug-in accessory it becomes a
Metered High Precision Power Supply that offers all these features

Basic Max. Amps at Ambient of ' Metered Accessory
Non-Metered Voltage
Model Range 30°C 40°C 50°C 60°C | Price(?)| Model Price

LS-511 0-10vDC| 2.8A | 2.5A | 2.1A | 1.7A | $375 | LS-FM1 | $55

LS-512 0-20vDC| 1.8A | 1.6A [ 1.3A | 1.1A 375 | LS-FM2 55

LS-513 0-40VDC| 1.0A | 0.9A | 0.75A| 0.6A 375 | LS-FM3 55

LS-515 |0-120VDC| 0.33A| 0.29A | 0.25A | 0.21A| 375 | LS-FM5 55

LS-516 |[0-250vDC| 0.1A | 0.09A | 0.08A| 0.07A| 380 | LS-FM6 55
1 Current rating applies over entire voltage range. Ratings based on 55-65
Hz operation.

2 This price is for non-metered Precision Power Source. Addition of
Metered Accessory Plug-In (next two columns) is necessary to have Metered
High Precision Power Supply.

® 0.0005% plus 100 uV regulation —Best of any @ All-silicon design for maximum reliability
high stability power supply in this price range. @ Convection-cooled for convenience and reliabil-

® Ripple—35uV rms; 100uV p=p. ity . . . no blowers or heat sinks.
® Remote programing by changes in voltage or

@ Twice the power in a convenient ¥-rack package resistance for convenience in systems, test

® 2 meters — Monitor both voltage and current si- equipment and automatic equipment applica-
multaneously and continuously. tions.

® Guaranteed for 5 years—The only 5-year guar- @ Auto Series/Auto Parallel with Master-Slave
antee that includes labor as well as parts. tracking

Guarantee applies to operation at full published
specifications.

@® Multi-Current-Rated for 30°C, 40°C, 50°C, 60°C
—Covers temperatures most often encountered

® Constant I/Constant V by automatic crossover

® Completely protected: short-circuit proof; con-
tinuously adjustable automatic current limiting

in laboratory work ® Overvoltage protection available as low cost

add-on accessory
® 5 voltage ranges: 0-10, 0-20, 0-40, 0-120, :
0-250VDC—Wide selection of ranges to suit @ Rubber Feet provided for bench use.
your specific needs.
@ llluminated Digital Readout Millimatic(T™) gang
dialing—5-digital voltage dials with automatic OVERVOLTAGE PROTECTION
decade turnover provides convenient precise

adjustment. For Use With Model Volt.Al;l;'nge Price
® Only 5%” high— Convenient half rack size for LS-511 (0-10VDC) | LHOV-4 3-24 V $35
rack or bench use. LS-512 (0-20VDC) LHOV-4 324 v $35
® 0.01% + 1mV accuracy LS-513 (0-40VDC) LHOV-5 347 V $35
@ Stability 0.001% -+ 100pV for 8 hours RSH14. (0-120VBC) | LHOV.G 370 ¢ o Juao




Quick guide to bright, legible,

wide angle readouts

Series 360H Displays 2” high charac-
ters easily read from over 50’. Yet
unit is just 3” H x 2" W.x 7.75" D.
New lens system provides bright,

5

CRT Display 10-gun CRT projects single-
plane digital or word displays onto fluores-
cent screen. Easy reading, even in direct
sunlight. Wide viewing angle. Ideal for

Series 160H Exceptionally large viewing area
(1.56” H x 1.12” W for overall size. New lens
system increases character brightness; reduces
chance of reading error. Message lines may be

crisp display.

Series 80 Large screen unit particularly suited for annunciator
applications . . . factory call systems, production control boards,
etc. Message or character 33" high; can easily be read at 100/,

160° viewing angle.

Series 345 IEE’s smallest rear-projection read-
out. Viewing area .38” H x .34” W. Based
lamps. Low cost. Individual readouts plug
into permanently wired housing for quick
message change. Easy front panel access.

Series 875 Miniature, 24-position, rear-projection readout with
.62” H x .62” W viewing area. Overall size just 1.39” H x .90” W x
3.095” D. Exceptional character brightness and clarity. Quick dis-

connect lamp assembly for easy replacement.

instrumentation applications.

displayed simultaneously with symbols.

Series 10H It’s the world’s most popular readout. And we've improved
it. New lens system increases character brightness 4 times. Greater
clarity at wider angles and longer distances, even under high ambient

light. .937” H x .937” W viewing area. Mil-spec version also available.

Series 120H Miniature (.62” H x .62” W)
rear-projection readout. New lens system
increases character brightness 50% . Easily
read from 30" even with high ambient
light. Quick disconnect lamp assembly for
speedy lamp replacement.

Series 220H Miniature, plug-in, rear-
projection readout meets MIL-R-39027.
.62” H x .62” W viewing area. Special lens
system increases character brightness
50%. Excellent readability from wide
angles and long distances.

IC Driver/Decoders Small, solid-state units for IEE Series 10H,
120H, 220H, 340 and 360 readouts. All models accept a variety
of binary codes for decimal conversion. Take normal signal volt-

age. Draw less than 2 ma. (Many options, including memory.)

Any characters desired. Any colors or combinations. Any input, BCD or decimal. Any input signal level. Any mounting, vertical or horizontal.
Many sizes. Many configurations. Many options and accessories. Many brightness choices. Long lamp life (to 100,000 hours).

Circle 76 on reader service card
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How TTL
helped slim fat counters
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Twenty-six Tl Series 74 complex-function integrated circuits form the decade chain and
decoder-driver section of this Systron-Donner Thin Line counter. Without circuits such as
SN7441N BCD-to-decimal decoder-drivers, hundreds of separate transistors and simple
integrated circuits would have been necessary to perform the required functions.

Mission impossible? It may have
seemed so to project engineers at
Systron-Donner Corp. They had
the assignment of designing a rad-
ically new line of high-frequency
counters—one that would give
them a big jump on competition.

A key requirement was reduced
panel height. Systron-Donner engi-
neers wanted a skinny counter —
one only 134" high.

But, they also wanted nine-digit
readout for top resolution.

Plus a 100 MHz direct counting
range.

And greater freedom from re-
pairs than ever before possible.

Integrated circuits were the ob-
vious solution. But which ICs posed
the tough question. Answering it
triggered a two-year search that
covered all major IC suppliers as
well as many smaller producers.
Systron-Donner’s analysis in-
cluded RTL and ECL logic types,
in addition to TTL and DTL.
Breadth of product line, depth of
manufacturing facilities and com-
petence of personnel were consid-
ered—along with price, service and
performance —before the final se-
lection was carefully made.



Texas Instruments got the nod,
and its Series 74 TTL integrated
circuits were selected to carry the
major share of the chassis-shrink-
ing job.

Cutting package count
with complex-function ICs

Availability of complex function
circuits was a prime factor in the
selection of Series 74 TTL. With
these advanced ICs, Systron-Don-
ner engineers were able to make
major reductions in package count
—particularly in the decade-chain
and related storage-readout driver
section. Eight SN7490N decade
counters, nine SN7475N quadruple
latches and nine SN7441N BCD-to-
decimal decoder-drivers replaced
hundreds of simple integrated cir-
cuits and transistors. Without
these TTL circuits, the new Thin
Line counter design would have
been virtually impossible.

Other benefits from TTL

Even where complex functions
were not required, TI's Series 74
TTL line permitted significant
package and space savings. For ex-
ample, SN7473N dual J-K master/
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slave flip-flops assured high switch-
ing speeds for control binaries. A
further reduction in package count
resulted from use of multiple-input
SN7470N J-K flip-flops.

In addition, Series 74 gates—
SN7400N, SN7410N and SN7420N
—provided a solid 10 MHz switch-
ing capability in those sections
where such speed was desired. And
the high driving capability of these
gates (resulting from low output
impedance) gave Systron-Donner
engineers greater flexibility in
wire routing and circuit board lay-
out, without compromising switch-
ing speed.

And high noise immunity —typi-
cally 1.9V for logical one and 1.2V
for logical zero —further simplified
board layout. Series 74 ICs also per-
mitted much faster evaluation of
pilotboard runs than had ever been
achieved with discrete components.

Reliable, maintenance-free
operation

Field experience to date indicates
Systron-Donner has achieved its
design goals for reliable, trouble-
free service. Expectations are that
the MTBF for the new Thin Line

c
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counters will far exceed that of
older counters using discrete com-
ponents. This improved reliability
is due, in large measure, to the re-
duction in package count and even
greater reduction in number of
soldered connectors made possible
by the Series 74 TTL logic family
from Texas Instruments.

Planning for tomorrow

By using industry’s most modern
logic family, Systron-Donner has
also provided for future design op-
portunities — at minimum cost,
time and effort.

TI’s growing family of TTL com-
plex functions has provided Sys-
tron-Donner a link with the MSI
and LSI semiconductor circuits of
tomorrow. Why not also put this
advanced IC line to work for you?

Three of the most recent addi-
tions to the TI complex function
line of shift registers are featured
on the next page. They typify the
increasing versatility and com-
plexity that has characterized the
evolution of TI's family of TTL cir-
cuits. One of these ICs may be just
the ticket for breaking that de-
sign log jam of yours.

TEXAS INSTRUMENTS

INCORPORATED



3 new shift registers
expand industry’s broadest

These complex-function TTL shift
registers are far more than basic
registers. Applications include
shift counters, Johnson and ring
counters, and shift-register gener-
ator counters.

These registers incorporate addi-
tional gating as well as input and
output connections, and are recom-
mended for many storage and
counting applications in addition
to such shift functions as serial-to-
parallel, parallel-to-serial, right-
shift and left-shift operations.
In all cases, substantial savings in
packages, interconnections, de-
sign time and overall costs will
be realized.
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SN7494 4-bit shift register

This parallel entry, serial shift reg-
ister includes four AND-OR-IN-
VERT gates, four inverter drivers,
and four R-S master-slave flip-
flops. The result is a versatile cir-
cuit which performs right-shift
operations as a serial-in, serial-
out register or as a dual source
parallel-to-serial converter.

All flip-flops may be cleared si-
multaneously — independently of

logic line

clock input. Also, the circuit has
asynchronous loading capability
fromtwo strobe-controlled sources.

SN7495 4-bit
shift-right, shift-left register

This parallel or serial-input shift
register incorporates four AND-
OR-INVERT gates, one AND-OR
gate, six inverter-drivers, and four
R-S master slave flip-flops.

This versatile register can be
used in a wide variety of applica-
tions, including serial-in, right-
shift/left-shift, and parallel load-
ing operations.

T{[2[|3[|a4[|5[[6[[7(]|8

CLOCK PRESET A PRESET B PRESET C V..  PRESET D PRESET E PRESET

SN7496 5-bit shift register

This register consists of five R-S
master/slave flip-flops, with gates
and inverter drivers, connected

as a shift register to perform
parallel-to-serial or serial-to-
parallel conversion of binary data.
Since both inputs and outputs to
all flip-flops are accessible, parallel-
in/parallel-out and serial-in/serial-
out operations may be performed.

A common clear line and strobe-
controlled, individual presets per-
mit loading of any binary informa-
tion into the register. Preset is
independent of the state of the
clock input.

A note from you, on your com-
pany letterhead, will bring this

goldmine of information . . . data
sheets on these 3 new shift regis-
ters plus application information
on all our 54/74 counters and shift
registers...a data book on the en-
tire 74 N complex-function family
...and finally, an in-depth 48-page
brochure covering all 54/74 TTL
integrated circuits. Just address
your letterhead re-
quest to Texas Instru-
ments, Incorporated, [7
MS980, P.O. Box 5012,

Dallas, Texas 75222.

o

TEXAS INSTRUMENTS
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Craftsmanship in hard materials...an industry standard

HIGH PRECISION TUNGSTEN CARBIDE BONDING TOOLS,
SUCH AS THE ONE SHOWN IN THIS 13X MAGNIFICATION
OF AN ULTRASONIC LEAD BONDING OPERATION, WERE
PIONEERED AND INTRODUCED AS PRODUCTION DE-
VICES BY TEMPRESS ... IN 1963, THE TEMPRESS CAP-
ILLARY TUBE, AN INDUSTRY STANDARD. .. IN 1967, THE
ULTRASONIC BONDING TOOL, AN INDUSTRY STANDARD.
The techniques and the specialized machinery de-
veloped to produce such precision products from
ultra-hard materials have not been duplicated; quite
probably will not be, for they are a result of the
unique combination of Tempress people and the

Electronics | April 15, 1968

Tempress philosophy. To meet its responsibilities, Tem-
press maintains a continuing expansion program, limited
only by strict adherence to the Tempress Standard of Ex-
cellence. (It requires as long as 11 months to train an
operator for certain operations.) The same uncompromis-
ing standard is applied to Tempress Automatic Scribing
Machines and to the entire growing family of Tempress

miniature assembly tools and production equipment.
LEAD BONDING, DUAL FET, COURTESY OF UNION CARBIDE ELECTRONICS

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, Calif. 94086

Circle 81 on reader service card
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Try this $580 EAI Digital Measuring System

for two weeks-FREE!

Now—you can get the EAI 6200 DVM on a two week
memo billing to prove the performance claims for your-
self. We bet you’ll keep it, but if we lose there’s no obli-
gation. Just tell us your reasons!

What are the claims? First it’s a great dc DVM, with fea-
tures like automatic polarity, 100 microvolt resolution,
pushbutton ranging, 1000 volt overload protection and
=+ 0.1% accuracy (= 1 digit); and a few more you'll find
for yourself.

What makes it a DIGITAL MEASURING SYSTEM?
Low cost modules that create an ac DVM and a counter.
Not just any counter, but a 10 MHz crystal controlled
counter and time interval meter that can totalize and
measure period—all for only $210. For ac measurements,
there’s a 20 Hz—100 KHz converter good to 300 volts

82 Circle 82 on reader service card

with a 1 megohm input impedance and packaged in a
compact plug-in module for only $250.

For you systems-minded people, a rack-mounted version
called the 6240, with a BCD output option, costs a little
less—$550 as a DVM.

Interested? Call us—collect—at 201-229-4400 extension
6200 with a consignment purchase order and we’ll ship
you one for a two week trial (if you're in the US, that is...
we do have to limit the offer to continental US only). Or
ask for more specs...they'll be return mailed to you.

EAI’ Electronic Associates, Inc., West Long Branch, New Jersey

Circle 83 on reader service card—>



The 600C is the top of our Series 600 Test System
line. And, spec for spec, it’s the best system in its price
range. It consists of a basic Series 600 system, a
rack-mounted PDP-8 computer, an ASR-33 tele-
typewriter, a control panel, and a software package.

Our Series 600 is a high-speed test system for
transistors, diodes and reference diodes. It can per-
form 100 digital readout or Go/No-Go tests a second:
Leakage. Breakdown voltage. Latching voltage.

DC gain ratio. Saturation voltage. Base turn-on
voltage. The whole parametric package. It's suited
for production testing, incoming inspection, quality

semitnnduttnr control, reliability and general engineering testing.

Series 600 equipment starts at $18,900. We also have

test svstem. a magnetic disc programmed system that sells for

$40,950. And, of course, the computer-controlled

tnmputer-tuntrnlz 600C priced at $59,900. You can get information on

the whole series, plus specs and options, just by
559 snn calling Fairchild collect at (408) 735-5461.
y ® Ask for Frank Wilber.

FAIRCHILD INSTRUMENTATION A Division of Fairchild Camera and Instrument Corporation 974 East Arques Avenue, Sunnyvale, California 94086 (408) 735-5011 TWX: 910-379-6944.
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No other solid state pulser for under $1,000. gives you as much as our
Model PG-2. Buy it for production test and you find that the development
lab people prefer it for most of their development work and systems engi-
neers keep designing it into test and operational systems. It shows up
everywhere and everywhere it excels.

Maybe it's the PG-2's performance: prf to 20 MHz from 1 Hz in the
double pulse mode; 16 MHz at full =20V amplitude. Rise/fall from 10
ns to 20 ms with greater than 100:1 dynamic range between them. Widths
from 35 ns to 200 ms; delay from O to 200 ms; DC-offset 0 to =+5V.
Or its operating flexibility: single or double pulses, normal or comple-
ment, sync pulse, plus manual one-shot. Continuously variable prf, ampli-
tude, width, delay, rise time, fall time, DC-offset, input threshold and
sensitivity. The PG-2 can be gated or triggered from DC to 10 MHz. And
it is DC-coupled so that there are no low frequency or duty cycle limitations.
And probably the PG-2's outstanding reliability, operating simplicity and
rugged solid state design help.

Model PG-2. Our over-achiever. $925, f.0.b. Mt. Vernon, New York. Delivery
off the shelf.

Where can it over-achieve for you?

Chronetics, Inc., 500 Nuber Avenue, Mt. Vernon, New York (914)
699-4400; in Europe: 39 Rue Rothschild, Geneva, Switzerland (022) 31
81 80. Sales Offices throughout the free world; see EEM or EBG.

PRODUCTS OF
CHRONETICS
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Overplate for
metallographic
sectioning purposes

Gold layer

sl

[ -

Copper alloy
contact material

lllustration is 1400X magnification
cross-section through selectively plated contact at point shown

CINCH PUTS THE GOLD
ONLY WHERE YOU NEED IT

IN THE AMOUNT YOU WANT—With Cinch selective plating you benefit
from reduced gold content and the absolute control of gold thickness at the
contact area. The result is a better connector at lower cost . . . that also
helps reduce the U.S. gold drain.

In conventional barrel plating, the amount of gold deposited at any point is
a function of the geometry of the part and cannot be accurately controlled
from part to part. To compensate, excessive gold deposits must be used,
but there is still no guarantee that every part will receive the minimum gold
plate specified, due to the random nature of the process.

Cinch continuous process selective plating deposits the same controlled
amount of gold on every contact. Only the contact area is plated, reducing
gold consumption as much as 60%.

A wide range of Cinch connectors is available with selectively plated
contacts. For information on how selective plating can provide you with
a better product at lower cost, write to Cinch Manufacturing Company,
1501 Morse Avenue, Elk Grove Village, Illinois 60007. c-6814 CINCH

MEMBER -
DIVISION O F UNITED-CARR

” @ CONSISTING OF CINCH MANUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MONADNOCK, CINCH-NULINE, UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT
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SEE THIS

PINHOLE?

General Electric's

Helium Leak Detector

will find a leak

one ten-thousandth its size.

Our Helium Mass Spectrometer Leak Detec-
tor’s sensitivity is like horsepower in a big car.
Most of the time you have more than you
really need; but when you do need it, it’s there.

Specifically, our units are sensitive to at least
2 x 101t std. cc/sec. Put another way, GE
equipment will—in less than one second—
detect leakage that’s at a rate of an ounce of
helium in ten years.

But sensitivity is only part of our story. We'd

like the chance to tell you about our two-years-
guaranteed spectrometer tube filament; our re-
liable, long-life, solid-state circuitry; our models’
case of upcrution and scr\'icing; our constant
sensitivity; our all-welded, stainless steel high-
vacuum system.

And then some. Check the reader service
card, or write us direct for full particulars on
manual model LC-10 or automatic model
LC-20. We have a product we're proud of.

VACUUM PRODUCTS BUSINESS SECTION

GENERAL @3 ELECTRIC

SCHENECTADY, N.Y. 12305

Circle 86 on reader service card
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Only ITT has laser-controlled IC mask making.

Another reason
to buy from
“The Predictables.”

Mask variations used to mean
performance variations in Series
930 DTL. Now ITT initiative has
eliminated the problem. An exclusive
laser-controlled, fully automated
mask making machine assures
absolute repeatability of masks
and of circuit performance.

ITT's machine, representing an
order of magnitude improvement
over older processes, holds mask
registration tolerances to = 122
silicon atoms (based on the crystal
lattice constant). It is tape pro-
grammed, with memory storage
capacity of 10,000 separate semi-
conductor devices, and it can
complete a matched set of up to
nine masks in as little as 10 minutes.

If you think all Series 930 DTL

circuits of the same type should act
the same, the solution is simple:
buy them from “The Predictables.”
ITT predictability also extends to
diodes, rectifiers, and silicon planar
transistors. Ask for a quote on any
or all. They are on-the-shelf at
your ITT distributor. ITT Semicon-
ductors is a division of International
Telephone and Telegraph Corpora-
tion, 3301 Electronics Way, West
Palm Beach, Florida.

semiconductors I TT

FACTORIES IN FLORIDA e CALIFORNIA « MASSACHUSETTS ¢ ENGLAND « FRANCE « GERMANY ¢ PORTUGAL ¢« AUSTRALIA

Electronics | April 15, 1968
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Now, absolute measurement
of low intensity light signals

with the EG&G Spectroradiometer System

EG&GC’s new series of high sensitivity
detector heads allow use of the Model
580/585 Spectroradiometer System for
absolute measurements of low intensity,
pulsed or CW, light signals. These new
detector heads, which incorporate
photomultiplier tubes, complement the
existing line of vacuum tube detector
heads by providing approximately five
decades of additional system sensitivity.

The Model 585-66 Detector Head
encompasses a spectral range from
200-750 mu (ultraviolet-visible) and
senses irradiant powers as low as 9 x 10713
watts/cm2-mu and irradient energies as
low as 9 x 10713 joules/cm2-mu at 450 mu.

The Model 585-63A Detector Head is
now contained in a thermoelectrically
cooled chamber (using EG&G thermo-
electric modules) to minimize thermionic
dark current and the resultant noise.

I R HIGH SENS'TIVITV DETECTOR

88 Circle 88 on reader service card

A separate controller unit assures constant
chamber temperature. With a spectral
range from 700-1200 mu (near infrared),
the 585-63A detects irradiant powers as
low as 5 x 10712 watts/cm2-mu and
irradiant energies as low as 5 x 10712
joules/cm2-mu at 800 mu.

The new detector heads are provided
with a regulated power supply and an
internal calibration feature to ensure a
stable sensitivity. Utilizing standards
traceable to NBS, a complete 580/585
Spectroradiometer System is calibrated to
its sensitivity versus wavelength thereby
permitting absolute irradiant measure-
ments of both continuous and pulsed

(as fast as 1 ns) light sources.

Energy and average power measurements
are obtained directly from the multi-
decade meter of the Indicator Unit or
from an external recorder.

Provision is also made for output to an
oscilloscope for pulsed sources.

wobKL 88!

HEAD  Awed.

Applications with the new high sensitivity
detector head include measurements of
phosphors, chemical reaction, electro-
luminescence, emissivity and reflectivity
of surfaces, biochemical analysis, and
other low level signals.

If you'd like more information on the
EG&G Spectroradiometer System, or
for that matter on any of our products,
such as thyratrons, krytrons, spark gaps,
flash tubes, thermoelectric modules,
transformers, chokes, trigger modules,
photodiodes, picoammeters, flash and
strobe equipment, or light instrumentation,
write: EG&G, Inc., 166 Brookline Ave.,
Boston, Massachusetts 02215,

Tel: 617-267-9700. TWX: 617-262-9317.

ELECTRONIC PRODUCTS DIVISION

.11 HONOCHROMATOR HOUSING

a
LoD

EG&G'’s Model 5807585 Spectroradiometer features
a new IR detector head which is thermoelectrically cooled
to minimize thermionic dark current.

Electronics | April 15, 1968



Oak’s design engineers are impatient . . . nothing is ever quite good enough. They figure
improved products today mean better circuits tomorrow. Take these: ¢ Oak-manufactured
Rotary Solenoids and Selectors for multiple switching functions in limited space under
severe operating and environmental conditions. @ Molded Pushbuttons designed specif-
ically for computers, communications and other panel equipment. § Rotary Switches with
molded diallyl phthalate stators and rotors, Unidex” indexing. @ Lever Switch with
molded diallyl phthalate type “A” stator for miniaturization, versatility in a small area. Plus
these—Rocker Thumbwheel, Pushbuttons, Lever and Slide Switches. Oak offers widest selec-
tivity in quality switches for industrial, commercial or military requirements. In fact, Oak has
more switches that meet MIL-S-3786 than all other manufacturers combined —over 24 switch
products. The next switch manufacturer has six. In addition, Oak offers sub-assembly service
to save you production time and costs. These are only highlights of a small part of the
complete Oak line of components. Send today for Catalog 24.

DESIGNED FOR TOMORROW'’S
CIRCUITS!

Ph: 815-459-5000 TWX: 910-634-3353 ' A K CABLE ADDRESS: OAKMANCO

MANUFACTURING CO.

A DIvisiON oF OAK ELECTRO/NETICS cose
CRYSTAL LAKE, ILUNOIS 60014
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Compliments of a friend —

a complete multimeter at less than $3000

We think you’ll agree that it’s pretty friendly of
Cimron to put out such a flexible instrument for
so little. But it’s typical of the philosophy that has
always guided Cimron — customer concern. You
need the most sophisticated instruments to do
your work under a variety of changing conditions.
And the Model 6653 gives you a great sendoff for
both systems applications and laboratory or pro-
duction testing. You get 5-digit readout including
overrange, with an accuracy of +0.01% f.s. +0.01%

of reading for six months or longer. You'll save on
calibration costs. Sample rates up to 300 per sec-
ond; automatic polarity and automatic ranging;
AC, ohms, millivolts. And look! You also get auto
ranging through six millivolt and DC ranges. It’s
especially hard to beat all those Cimron customer
concern features like remote control and printout,
maintainable plug-in pc boards, and accessible
calibration and test points. Write Cimron®, Dept.
B-106, 1152 Morena, San Diego, Calif. 92110.

1)

LEAR SIEGLER,INC. [ /MpoN DIVISION




April 15, 1968 | Highlights of this issue

Technical Articles

Experimental flat-screen
color television
page 92

Understanding common-
mode errors
page 108

Party-line
data link
page 119

Airborne transceiver
for the military
page 133

Coming
April 29
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Electronics Consumer electronics engineers look for-
o ward to flat-screen color television because
it will eliminate high voltages, the danger
of X rays and implosions, and misconverg-
ence of electron beams. To learn about the
problems that might crop up in building a
flat-screen set of conventional size, Sony
has constructed a giant experimental re-
' ceiver that uses 78,000 light bulbs, 260
SCR’s, and 4,000 transistors. The screen (shown in part on the
cover) has a 100-inch diagonal.

The operational amplifier means different things to different
engineers. For example, used as an inverting amplifier, it is
free from common-mode error but does not give exceptionally
high gain, In a noninverting configuration, its gain is high but
common-mode error is present. In this article, the first of two
on this subject, the author shows how amplifier design can
minimize common-mode error.

Cabling can be an expensive item in a data-transmission sys-
tem. A new method of linking transmitters to their correspond-
ing receivers one at a time over a single two-wire cable reduces
these costs. The technique also employs low-cost logic gates
and flip-flops. The system can send analog or digital messages,
using a binary code to address transmitter-receiver pairs.

A critical problem in airborne communications is electromag-
netic compatibility. Now a high-frequency transceiver crams
280,000 voice channels in the bandwidth used by older sets
for only 28,000. It can reject a signal 120 db above that of the
tuned signal and only 50 kilohertz away from it, permitting
efficient operation in crowded-frequency situations where
strong interfering signals are close by. The new set also per-
forms dynamic tests on itself.

* Automatic in-flight checkout

* Integrated circuits in Japan
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Advanced technology

Setting the stage for flat-screen tv

Experimental tubeless color set uses 78,000 light bulbs;
converts standard signals with pulse-width modulation

By Satoshi Shimada
Sony Corp., Tokyo

A television receiver with 78,000 light bulbs, 260
scr’s, 4,000 transistors, and a power supply that de-
livers 300 amperes at 30 volts can hardly be called
ready for home use.'But the only way of discovering
the kind of problems that would crop up in develop-
ing a small flat-screen color receiver was for Sony
to build the giant 8-foot-diagonal set.

The color tv receiver has its 78,000 lamps in an
x-y matrix—300 in each of 260 lines. The most im-
portant innovation in the system is the conversion
of standard video signals into pulses for digitally
scanning the x-y matrix with pulse-width modulated
signals.

The receiving circuits use a standard color tv
tuner that picks up broadcast signals and delivers
the red, green, and blue color signals that normally
drive the electron guns in the color tv tube. Three
video amplifier channels then deliver the three sig-
nals to the horizontal video driver blocks.

These blocks convert the color signals into pwm
signals for driving the lamps. The bulbs are stag-
gered from line to line and each bulb is part of two
color trios; each trio forms a triangle over two lines.
Thus 600 pwm channels (200 color-trio channels)
are connected to the 600 lead wires of the video
panel.

The bigger they are . . .

Many engineers have completed prototypes of
smaller displays, ranging from perhaps 12 X 24
elements, or 20 X 20. But the circuitry for these is
far simpler than that for full-scale displays: there
are no problems of high current, mistriggering, and
sync or signal regeneration, and it’s not difficult to
delay either sync or video signals through a small
number of steps in a line with a relatively short

delay.

Closeup. Sony’s color video panel, left,
uses incandescent lamps with filter
caps for the red-green-blue color trios.

Electronics | April 15, 1968

In the color video panel, the vertical and horizon-
tal conductors cross in a matrix. At each crossing is
a picture element—a lamp and a diode connected in
series. The diode keeps a signal current injected
into a crossing from dividing and flowing into any
other crossing.

Ironically, tungsten lamps will yield a good
picture only with a tricolor scheme; satisfactory
black-and-white reproduction with bare lamps is
impossible. When tungsten lamps are dimmed, their
temperature declines and their light becomes red-
dish. Lens-cap filters limit transmitted light to red,
green or blue wavelengths and make it possible to
reproduce white or gray.

Sharp, but not smooth

The 78,000 ordinary tungsten pilot lights form
26,000 red-green-blue trios. Though this is less than
1/10 the number of elements on a conventional color
tube, the picture resolution isn’t hurt as much as one
might think. In the x-y video panel, completely in-
dependent information is injected into each light
bulb. In a picture tube, the electron-beam spot is
ordinarily large enough to cover three or four of
the holes in the shadow mask. Furthermore, in the
tube, reproduction of areas with white-peak bright-
ness is hurt by increases in spot size, which cause
the phenomenon known as blooming. However,
blooming can’t occur in the color video panel, be-
cause each bulb gets information independently
from its neighbors. This keeps the picture surpris-
ingly sharp.

Another advantage over the tube is that colors
can’t be misregistered. In the tube, beams are aimed
at colors and may misland or misconverge. But in
the video panel, signals are fed directly to colors
and thus always stay in proper relationship.

On the other hand, the picture produced by the
panel’s 26,000 trios isn't as smooth as that of the
picture tube, which has about 350,000 elements.

Interlaced scan can’t be used, because there are
only 260 horizontal lines. However, non-interlaced
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Getting the whole picture 1 SCR

— YP, > o
Sony’s color video panel uses light bulbs arranged in a matrix ;
with 260 horizontal lines of 300 lamps each. The lines are stag-
gered to form red-green-blue color trios spanning two lines. s
A television signal is picked up by a standard receiver and the S

zation signals.
The color signals are sampled in the XS blocks, which generate
pulse-width modulated signals with a constant amplitude but a

three color signals are separated from the audio and synchroni- 1 " " @
O/

width proportional to the intensity of each color signal.

For zero intensity (black), the pulses have zero width. For maxi-
mum intensity, the pulses are about 100 microseconds wide. The
eye integrates the light and perceives lamps that stay on longer
as being brighter than lamps on for less time.

The sampling pulses are taken from a delay line and gated by
signals from the 2Ty switch (bottom center), which keeps the
sampling pulses in proper synchronization.

The vertical synchronization pulses start the display at the top.
The horizontal lines are turned on, one at a time, by scr’s con-
nected to each line. An eight-phase generator applies power to the
scr anodes. An scr turns on when the pulse is applied to its *~>
gate, either through the YP y-line pulser multivibrator circuits
or through another scr directly above it. The horizontal lines
stay on for twice the horizontal scan time.

The eight-phase generator is needed to turn the pairs of lines ]

on in succession and to turn the scr’s off by disconnecting their L YPisy > > g
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anode supply. With eight phases the scr’s have enough time to
dissipate their stored charge before they are to be turned on again.
If fewer phases were used, the off times might not be long enough
to allow the charges to dissipate, and the scr might turn on again
when the anode supply was reconnected without waiting for the
proper gating signal.

- — — ——— — —]
=

COLOR
> RECEIVING

AL_L#L—\_; 1
2 == 0 B ~TT
kv =
> YP_ > -
T aNTENNA [FEwoTE-coNTroL UNIT | s
2Ty JH
— | | MULTI. " T30
| AUDIO | ; 44344414
| CIRCUITS I T 2
| | » 8 PHASE
| | GENERATOR
| | —i— D-¢ SOURCE
| | 41 ] VERTICAL TRIGGER- | v - 30,
RESETTING MULTI. == 300 AMP.
I e
| l =
|
|

CIRCUITS

o

VERT. Y- POSITIONING H -r.LJ_
1L

|

|

I v

| = - - 2-Ty SWITCH
I

|

I

0SC. DELAYED MULTI. i
»| SYNC. SEP.
p ey o X- POSITIONING | _ SAMPLING PULSE h A
H 0SC. “| DELAYED MULTI. "H | GENERATOR

i

Tul~

94 Electronics | April 15, 1968



iiiiii
YYYYYY

&
9@

SHE

O

ooee

e 0000
e
oC
o0




scan can provide reception that’s satisfactory even
though it isn’t up to normal standards. Non-inter-
laced scan is used in the small Sony video tape re-
corder designed for home use.

Time to get samples

The video signal must be sampled to convert it
to the multichannel signals required to drive the
color video panel. With 300 lamps in each horizontal
line, picture information from the original signal for
any one lamp must be sampled within an interval
less than 1/300 times the horizontal period of 63.5
microseconds, or about 0.2 usec. The sampling inter-
val is thus 0.05 to 0.1 usec.

Sampling pulses are supplied to each pwm block
through a lumped constant L-C delay line with in-
dividual sections consisting of a series inductance
of 5.6 microhenries and a shunt capacitor of 1,400
picofarads. The delay time of each step is 52.5 psec
divided by 600 channels, or 0.088 usec.

After every 24 channel delay steps, a delay of 2.1
usec, an amplifier was inserted.

The pulses would survive without amplification
for a slightly larger number of delays—although 48
would probably be too many. However, since there
are repeating cycles of three colors and individual
x lines are connected to alternate y lines, it’s de-
sirable to choose a number divisible by both two and
three. The size of the x-output transistors makes it
convenient to line up about 24 x drive-circuits on a
single printed-circuit board. If pulses are regener-

ated between the output of one board and the input
of the next, then all boards can be identical.

A steady gain

The pwm signal can be obtained with simple
circuits. The amplifiers are saturating transistor
switches that are either in saturation or off, so that
gain doesn’t vary between channels. Because am-
plifier output efficiency approaches 100% and col-
lector dissipation is low, there is a good chance that
circuits can be integrated.

With the color video panel, the pulse repeti-
tion frequency is half the horizontal frequency, or
15.75/2 equals 7.88 kilohertz. The signal varies from
zero to maximum amplitude, and for black the
pulses have zero width—no current flows in the
lamps. Lamp voltage is constant, and the longer the
bulb is on the brighter the image appears to the
eye, which integrates the light to create the sensa-
tion of intensity.

With pwm, each picture element’s duty cycle is
600 times better than it would be if each element
were turned on and off befort the next one on the
line; the same brightness can be produced with less
power.

For example, if an on-off scan was used in a 260
by 300 element array, each element would operate
on a 1/260 > 300, or 1/78,000, duty cycle. But with
pwm, the duty cycle is increased 2 X 300 times,
making it 1/130, or 600 times better. In comparison,
television tubes have a duty cycle of 1/350,000,

HORIZONTAL SCAN
PULSE-WIDTH =
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Cross at the light. A basic lamp matrix is driven by horizontal and vertical line switches. The diode in series
with the lamp prevents the current from taking sneak paths through other lamps.
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Wide smile. The color video panel, shown with its power supply, right, measures about five by six feet. The
message displayed at the top of the screen is generated through a separate channel.

since each picture element is turned on and off in
succession.

In the practical circuit configuration for the pwm
sampling and holding method, for each x channel
there are six semiconductor devices—five transistors
and one diode. This isn’t a large number of com-
ponents if circuits are to be integrated. The number
of circuit blocks needed is twice the number of
lamps on a line, or 600.

Because of the arrangement with 600 sample and
hold units, sampling for a given x line is done only
once for every second y line, so that sampling is
done only at every second pulse.

The amplitude samples are converted into ramps,
whose amplitude is proportional to that of the orig-
inal. Ramp basewidth is also proportional to the
original amplitude. By slicing the ramps near the
base line, a pwm signal proportional to the original
amplitude is recovered. These varying-width signals
drive the lamps.

The lamp current isn’t constant while the pulse
is applied. Lamp voltage, as noted, is constant. The
lamp current varies during the 10 psec or so that it
takes for the lamp to reach steady state, but then is
approximately constant. After the lamp is turned
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off, brightness fades rapidly, but a faint afterglow
continues for several milliseconds. Light output falls
to zero, though, before the end of the frame, which
lasts 16.7 msec.

These rise and decay characteristics are nonlinear,
and are different for each color. If uncorrected,
these differences would unbalance the color signals.
Correction is applied by simple curve-shaping cir-
cuits with diodes to give segment approximation of
desired characteristics in the three video amplifiers.
Circuits of this type have long been used in analog
computers as curve generators, and in television
cameras for gamma correction.

Easy work

The lamps for red have a d-c rating of 2.0 volts
and 30 milliamperes. Lamps used for green have a
d-c rating of 1.5 volts and 30 ma. Lamps used for
blue have a d-c rating of 1.5 volts and 70 ma. How-
ever, the lamps aren’t used at their rated current
and voltage levels.

The lamps are operated only for a maximum duty
cycle of 0.7%—at 30 volts for 100 usec maximum out
of each 16.7 usec. The peak current for the red
lamps is 400 ma, for the green lamps 600 ma, and
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Nearly a farad. The power-supply filter uses
100 capacitors of 8,000 mircrofarads
each for a total of 0.8 farad.

Pulse source. The pulse-width modulator is built around
dipped hybrid integrated circuits, center.

peak current for the blue lamps is 1,000 ma.

Each output transistor in the x channels is oper-
ated at a duty cycle of 0 to 75%. These transistors
are operated in the pwm mode at a period of twice
the horizontal-line time, or 2Ty, with the peak cur-
rents of the lamps. For this type of operation, the
dissipation of the oulput transistors in the various
channels rurs in the range of 100 to 300 milliwatts.
Neither the current value nor dissipation is much
of a problem; the output transistors in the x chan-
nels are operated without heat sinks.

Enter the SCRs

For y line switching there are n switches, which
go on and off in succession with overlapping on-
times of Ty, and with total on-time of 2Tx. The
entire process repeats at intervals with a period of
Ty, which is 1/60 second.
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Side view. The color video panel has drive circuits at
the rear and around the edges.

However, unlike the x-line switches, the y-line
switch must handle high values of pulse current.
For each line the maximum pulse current equals
the sum of the current flowing into 300 crosspoints—
(04 4 0.6 4 1.0) amp X 300 channels/3 is 200
amps peak.

Since this pulse current flows with a maximum
duty ratio of 0.7% for high light white raster during
a repetitive period of Ty — 16.7 msec, the time av-
erage value of current and the loss in the switching
devices aren’t excessive. But pnp or npn devices
rated for handling the 200-amp peak current aren’t
available. One could get by with perhaps five to 10
power transistors in parallel for each line, but for
a system with 260 lines this means it would be nec-
essary to use something like 1,300 to 2,600 power
transistors—and there isn’t really room to fit them
all in. Space and cost would be terrible, and besides

Electronics | April 15, 1968



|
r VIDEIO SIGNAL

. i

[

1 |
| TH1 T | |
e |

|
| t; - DELAYED SAMPLING PUL
e Tpwm — — Tewm| —= Tewm
L | t
2 BRIGAT|  DARK | MEDIUM —
HOR. SYNC HOR. SYNC HOR SYNC

PWM OPERATION

Just a sample. The sampling pulses produce pwm signals
corresponding 1o the video signal amplitudes.

this a brute-force way of attacking the problem.

Switching 200 amps on the y line requires a de-
vice with extremely low saturation resistance—such
as a silicon-controlled rectifier.

The scr can turn on with very small trigger
power. However, there isn’t any good way to turn it
off without turning off the d-c power supply con-
nected to their anode circuit. Therefore, an addi-
tional power switching circuit must be connected
between each scr and the d-c power supply. The
power switching circuit consists of a multiphase
square-wave generator with at least two phases—in
this circuit, eight phases are used.

After the anode powe: supply has been turned
off, there may be trouble when it is turned on again;
because of stored charges, current may start to flow

even though no gate pulse has been applied to the
scr. It is thus necessary to increase the number of
phases of the power supply, and keep the device off
long enough so that the stored charges have enough
time to dissipate.

The prototype video color panel has an eight-
channel, eight-phase power pulse generator for cur-
rent switching. Each phase has a pulse width of
2Ty, and, repeats with a period of 8Ty, so that the
scr’s are held off for about 380 psec. Individual
phases are shifted from their neighbors by precisely
Th.

Alternate y lines are triggered by a multivibrator
delay train. The line is turned on, and a d-c trigger
signal is also applied from this line to the following
y line. The second y scr cannot trigger, though, be-
cause voltage has not yet been applied from the
eight-phase power supply. Thus, only a total of 130
multivibrators are needed. Multivibrators are syn-
chronized by pulses with a period of twice the
horizontal scan time, 2Ty.

At precisely the correct time for the start of a y
line, voltage is applied, the scr turns on, and the x-
line transistors start injecting power into the x lines.

Adjusting the picture

When a y line switches on, the load is the current
in x; only; the load then increases, until at a time Ty
later it reaches the peak—a maximum of 200 amps.
The load then declines until at a time 2Ty after y;
was first switched, it has fallen to about zero. The
waveform is thus a symmetrical triangular pulse.
During this period the next y switches on and adds
to the power supply load. Currents in the two ad-
jacent y lines overlap with a shift of Ty.

Among the x; pwm waveforms are those with a
pulse width that exceeds one Ty and those that
Lave a pulse width of 100 psec. These occur at the
white-peak points in the picture. Taking these cir-
cumstances into consideration, the engineers de-
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Delay pulse. The sampling pulses are delayed for each column of lamps and the pulse-width modulated
signals thus turn on the lamps in succession across a horizontal line.
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Plug-ins. Lamps are inserted in blocks for final assembly.
However, since lamp ratings are different, red, green
and blue lamps are not interchangeable.

signed the power supply for the entire color video
panel to be able to supply a load of 30 volts at 300
amps, or about 10 kva maximum. For d-c smoothing
of the power line, 100 individual capacitors of 8,000
microfarads each—totalling 0.8 farads—are arranged
on the rear of the panel behind the lamps. One must
also provide for correctly centering the reproduced
picture. To do this, an adjustable x-positioning mul-
tivibrator delay is inserted between the horizontal
synchronizing oscillator and the sampling-pulse
generator.

In the same manner, a y-positioning multivibrator
delay is needed for vertical centering. Furthermore,
it is necessary to finely adjust the starting point of
the first y channel so that the delayed vertical syn-
chronizing pulse coincides precisely with the hori-
zontal synchronous position.

A hope for the future

Anyone who has had experience with tungsten
filament light sources might worry that the lamp’s
light decays too slowly for this application. But
this isn’t a problem with the miniature lamps of the
type used for dial lights. Luminance decay of these
lamps is sufficiently short compared with the 16.7
msec vertical scanning period of the television sig-
nal, because small filaments cool quickly.

Of course, one hope for future display panels is
a p-n light-emitting junction. If an electrolumines-
cent diode could now be produced more cheaply

100

than the lamp plus a diode, perhaps by st tech-
niques, and made to produce the desired red-green-
blue trio, then there would be no need for tungsten
filament lamps. But today’s diodes aren’t bright
enough, and blue luminescent diodes can’t yet be
produced. Also, costs are high and yields poor.

The light could also be obtained from a gas dis-
charge, and the diodes would then become unnec-
essary. When three glow tubes are eonnected in se-
ries, there will be no discharge unless three times
the single tube-exciting voltage is applied to the
series connection. To bypass the desired crosspoint,
the current flowing between the two driving lines
must flow through at least three other crosspoints.

Because of the gas tube characteristic, approxi-
mately three times the voltage required to break
down one lamp is required to break down three in
series. Because of this inherent selection mechanism,
a voltage slightly more than sufficient to break down
one lamp will result in breakdown, or glow, of the
lamp at the crosspoint, and no current will flow
through sneak paths. The first studies actually were
with a neon lamp matrix panel—a local part of the
red matrix with only 40 X 50, or 2,000, elements
was operated successfully before the neons were
eliminated in favor of the incandescents. But, still,
a flat-package gas tube may eventually be practical,
using phosphors to achieve the different colors.

The human eye is rather tolerant of chromaticity
errors in the blue region. This is fortunate, because
radiation in the blue region is low for tungsten fila-
ment lamps. A cyanic-blue filter cap is used on the
blue lamps to pass the emitted blue light. This al-
lows the operating current to be held low and keeps
lamp life at the same high level as that of the other
color lamps. Green with good color saturation can
be obtained with the green filter.

Problems, problems

The color video panel still has problems of uni-
formity, cost, life, and applications.

Display uniformity is poor compared with that
of a conventional picture tube. The random dot-by-
dot nonuniformity caused by variations in the
brightness of individual lamps can be eliminated
for practical purposes by tightening the lamp speci-
fications, but this isn’t the worst problem.

Variations among the drive levels of x; or y; chan-
nels cause “stripes” that resemble the runs in nylon
stockings. With pwm operation, the variations
among channels caused by differences among the
transistors become small enough to neglect. But this
method of operation doesn’t eliminate variations
caused by differences among capacitors and resis-
tors, and there is a great need for much tighter spe-
cifications to eliminate these errors.

The system is also expensive. The color video
panel has 260 scr’s, 180 power transistors, 1,500
medium-power transistors, 2,500 small plastic-pack-
age transistors—mostly in hybrid integrated circuits
—and 1,000 small diodes, also mostly in hybrid inte-
grated circuits. And it has the healthy appetite for
as much as 10 kva.

Electronics | April 15, 1968



SAMPLING PULSE  ON ON A FROM 2T, 24v
FROM DE‘I'.AY LINE oFF [10vpp | SWITCHING
122 Tu Ty
6 :
; 1k (BLUE)
5.6 uh Ro ;
VIDEO K = é 2k(RED,GREEN )
(INVERTED) } < oK :
It q TOX LAM |
20k
5.6ph 100 91 (BLUE)

150 (RED,GREEN)

+

&

Sample and pulse. The sampling and pulse-width modulation of the video signal is done with the combination
of transistors Q. and Q.. The three transistors to the right amplify the pulse-width modulated signals.

Money, money

The lamps and diodes and cross-grid construction
into which they are plugged for display account for
about 75% of the total materials cost. The semicon-
ductors in the circuit account for about 10% of the
materials cost, and other circuit components the
remaining 15%. If this system were to be made into
a commercial product in its present form, it would
have to cost about 100 times more than a conven-
tional color tv set. On the other hand, it would cost
about the same as a color display of comparable
size using projection methods, and the projection
display can be viewed in a lighted room.

An early doubt regarding the 100-inch color video
panel was: would the life of the bulbs be so short
that the filaments would be continually burning out?
Even at low temperatures, when the light from the
bulbs appears reddish, it’s possible to obtain enough
blue light with the proper color filters. Lamps with
high current ratings were therefore chosen, and the
input power was increased. Since the lamps are rich
in red wavelengths, red current levels are lowest.
Green is a little higher and blue lamps are driven
the hardest. The system has an average lamp life
of 5,000 hours.

But with a total of 78,000 lamps, if lifetime is
homogeneous so that at 5,000 hours half are burned
out, then at 10 hours 80 lamps (about 0.1% ), at 100
hours 800 lamps (1%), and at 1,000 hours 8,000
lamps (10%) will probably burn out. This might
mean that every few minutes one will have to
change a lamp.

On the other hand, if lamp life doesn’t vary the
color video panel would operate without incident
for 5,000 hours.

The distribution of life among lamps isn’t known.
But as long as the lamps burn out in random posi-
tions the effect isn’t serious. A more serious problem
is that some of the lamps are far brighter than their
neighbors and stand out as prominent points. But
dark points where lamps have burned out are like
very small freckles, and are much less noticeable
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than one might think—like a speck of dust on the
face of a conventional picture tube.

For practical purposes one can neglect burned-
out lamps until their number reaches about 1% of
the total, and then replace all the defective ones at
once. With the lamps now used, this must be done
after about 200 to 300 hours of operation. The ability
to operate this long between regular maintenance
periods means that the system is suitable in this
respect for practical applications.

Putting it to use

There are many closed-circuit television applica-
tions for which this display could be teamed with a
color video tape recorder or color television camera.
When considering applications for the color video
panel, one must remember an extremely important
characteristic: when a raster sweep is used on a
conventional picture tube, both horizontal and verti-
cal retrace time is needed. It isn’t normally possible
to use these intervals for display.

With the color video panel, non-retrace-time scan-
ning is feasible, and it’s relatively simply to display
completely independent information—such as alpha-
numeric characters—that are derived from separate
sources. In this display, the horizontal retrace inter-
val isn’t put to use, but the photo on page 97 shows
a character display, picked up by a conventional tv
camera, inserted above the picture display during
the vertical retrace interval.

The author

Satoshi Shimada is manager of
advanced tv technology—display
and cameras—in the development
division at Sony. A 1953
graduate of the Tokyo Institute
of Technology, Shimada joined
Sony in 1959 and developed the
company'’s first 8-inch
transistorized tv receiver. He also
developed Sony’s 5-inch micro
tv, which went on the market

in 1962.
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Whatever your recording needs—from magnetic tape to
oscillography—you will find described here precisely the “right”
instrument to meet them. Compare their respective advantages
with those of any competitive recorders, and you will also discover
why CEC continues to be the recognized leader in

data instrumentation.

In addition, CEC also markets a complete line of accessories and

signal conditioners.

VR 5000 Recorder/Reproducer—CEC's
most advanced new recorder, the VR 5000
has established two |mportant break-
throughs. 1. A maximum 1V
time base error of +400
nanoseconds at 120 ips.
Because of this improve-
ment in time base error, the
ultimate in real-time resto-
ration of data is now pos-
sible. And tapes made on
data acquisition recorders
under severe environ-
mental conditions

can be successfully reduced with correct
time base restored. 2. A flutter correction
capability five times more efficient than
that of the next best recorder available
today. Consequently, the VR 5000 is the
only recorder that offers Dual Inertia, or
the ability to translate the ideal system
concept into a working reality—high mass
recording and low mass reproduce.

= Unequaled phase lock range.
= Close Loop Drive without pinch rollers.

= Positive Air Pressure (Patent Pending)
tape loop for reel perturbation isolation
eliminates vacuum bin problems.

= Bi-Directional electrically switched 7-
speed drive provides the fastest start/
stop times available on any instrumenta-
tion transport.

= Tape speed accuracy of +.05% with
tape servo, machine-to-machine.

= Air Guides eliminate rotating elements
in tape path.
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VR 3300 Recorder/Reproducer—Un-
matched for applications where rugged-
ness and mobility must be combmed wnth
outstanding performance.

= 100 cps to 300 KHz
direct frequency re-
sponse; dc to 20 KHz FM
frequency response.

= Dual capstan drive sys-
tem provides closed-loop
speed and tension con-

trol equal to standard laboratory systems.

= Interchangeable record and reproduce
electronics and heads with CEC's VL 2810
Continuous Loop Recorder/Reproducer.

= Six-speed record/reproduce system.

VR 3700 Recorder / Reproducer—This re-
corder has special CEC magnetlc heads
which extend its frequency
range to 2.0 MHz—plus 500
KHz for FM—at the tradi-
tional cost of a 1.5 MHz unit.
The first and only 2.0 MHz
laboratory recorder that
combines versatility and
reliability at a budget price.

= Magnetic recording heads
guaranteed to exceed 1000
hours. CEC's unique, solid
metal pole-tip design has
eliminated the inherent deficiencies of
lamination and rotary head design.

= Failsafe DC Capstan Drive assures
dramatically-improved flutter and TDE
performance.

= All-Electric Tension Control. Solid-state
amplifiers for improved linear tension
control and greater reliability.

= 15-inch reel capacity.

= Automatic 8-speed transport with elec-
trically selectable electronics.

= Phase-lock capstan control electronics
included for improved speed accuracy.

= Convertible from wideband to midband
recording. New plug-in heads offer easy
interchange of headstacks up to 42-
channel capacity.

VR 3400 Recorder/Reproducer j
—Ildentical in specifications to
the VR 3700 transport but with
midband electronics. However,
should eventual data handling
requirements call for a 2.0 MHz
response, the VR 3400 may be
converted to a VR 3700 by a
simple exchange of heads and
electronics. This modestly-
priced recorder will readily
meet the vast majority of
laboratory requirements.

Type 5-133 Recording Oscillograph—
This versatile oscillograph is essentially
two instruments in one. Reason: the
5-133 utilizes two galvanometer magnet
assemblies.The galvo
recording lamp
intensity is
individually
controlled so as
to permit re-
cording from
either magnet
assembly, or
both, as de-
sired. Two data
setups can be made at one time and
recorded simultaneously, or be made
alternately and recorded sequentially uti-
lizing full chart width for each. The 5-133
is available in 12-, 24-, 36-, and 52-channel
configurations. There are 5 recording
modes — 3 direct-writing and 2 develop-
out. And being of modular design, the unit
is readily adaptable to additional or future
instrumentation.

Electronics | April 15, 1968



Type 5-124 Recording Oscillograph—
Shown with the DataFlash Takeup Acces-
sory which requires only 1 second to
readout, the 5-124 has become a new
“must” for industry. Portable, easy to
operate, this instrument offers big re-
corder capability in a small-size, low-cost
package. The 5-124 provides up to 18-
channel print-out recording, and record-
drive systems with options from 0.25 ipm
to 128 ips. A 4

Type 5-126 Recording Oscillograph—The
new “best buy” in oscillography. At a
price hundreds of dollars less than any
comparable instrument, the 5-126 offers
the basic capabilities of a light beam
oscillograph at a cost approaching that of
a direct writing recorder. With CEC's
7-380 Galvanometer, this portable unit
will record from dc to 1 KHz. Its tungsten
light source ‘assures optimum trace
quality and lamp light, minimum cost and
maintenance, instant operation with com-
plete safety. Nine channels produce vivid
data traces on 7-inch-wide paper. Records
by direct print-out upon exposure to am-
bient light, thus eliminating the need for
chemical processing. And, due to CEC's
simplified front-loading system, no spool-
ing or threading of paper is required.

v

\

Type 5-119 Recording Oscillograph—A
truly universal oscillograph, the 5-119 has
become a popular, proven performer for
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laboratory, mobile, airborne and marine
use. Both dc and ac powered models are
available.The 5-119 accepts all three types
of record magazines, DATAFLASH®,
DATARITE®, and conventional, making it
possible to utilize every known photo-
graphic technique on either the 36- or
50-trace models.

Type DG 5510 Thermal Writing Recorder
—This 8-channel recorder brings a signifi-
cant advance in performance and relia-
bility to direct-writing oscillography. The
basic 5-510 recorder is a self-contained
instrument with
driver amplifiers
and power supply
capable of ac-
cepting a wide
range of high-
level input sig-
nals.Interchange-
able plug-in
attenuator/pre-
amplifiers are
available to further extend the input
range. It employs a heated writing stylus
to deliver sharp contrast rectilinear
traces on CEC's DATATRACE® Thermal-
Sensitive Paper.

Other outstanding features include: Solid-
state electronics = Immediate readout =
Superior frequency response = Calibrated
zero suppression = Cabinet mounting,
including dolly for complete mobility.

Type DG 5000 Recording System — new
from CEC —is an assembly of standard
product building blocks systemized into
a complete configuration, thus providing
overall capability from transducer to dis-
play. Since the DG 5000 will accept any
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CEC oscillograph, or any of the acces-
sories, it may be tailor-made to virtually
any configuration—or economically ex-
panded to meet future
configuration require-
ments. This fully flex-
ible system will deliver
up to 52 recording
channels with light-
beam galvanometers

or 8 channels for
thermal writing. Appli-
cations include industry,
aerospace and medical
science, or any opera-
tion calling for the
acquisition and precise
measurement of
dynamic or static data.

Type DG 5511 Thermal Writing Recorder
—CEC's unique, solid-state DG 5511—the
first low-cost, portable direct-writing
recorder—provides capabilities formerly
achieved only through multiple instru-
ments. Plug-in sig-
nal conditioners
are available to
accommodate a
wide range of
voltage inputs.
No preamp is
needed for high-
level signals. Converts
from high-level inputs by a simple change
of plug-in attenuator/amplifier units. The
DG 5511 combines ease of operation
with a high degree of resolution on heat-
sensitive paper.

For full information about these products,
call your nearest CEC Field Office, or
write Consolidated Electrodynamics,
Pasadena, California 91109. A subsidiary
of Bell & Howell. Bulletin Kit 1712-X3.

CEC/DATA INSTRUMENTS

'B) BELLe HOWELL
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Circuit design

Designer’s casebook

Gate-to-source resistor
stabilizes FET regulator

By Bill Birnbaum

Industrial Scientific Research, Orange, Calif.

Field effect transistors, like the old vacuum-tube
pentodes, are used to make d-c power supplies
constant-current sources. Connected in series be-
tween the load and the supply, the reT will, when
there’s no gate voltage, maintain a constant current
through the load despite changes in the supply
voltage.

But where the ¥ET is biased by the direct connec-
tion of gate to source, wide temperature variations
can cause changes in the rer’s drain-to-source re-
sistance and drastically alter current flow.

In such cases, a resistor can be placed between
the source and gate connection. With this config-
uration, changes in the resistor’s voltage drop
caused by swings in drain-to-source current de-
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velop a bias on the rer that holds the current
steady. Current through the rEr—the same current
that flows in the load—is thus affected by both
temperature and gate voltage, as expressed by the
equation:

Alps = Alpgr -+ Alpse

where Ipg is the total change in drain-to-source
currents, Ingy is that change caused by temperature,
and Ipge the change attributable to gate voltage.
When the drain-to-source current’s relationship
with the gate voltage, Ins¢ = gm Vas, is inserted
in the equation, the result is:

Ins = Ipsr + 8mVas

Since Vgs = —Ips Ri—with the negative sign
indicating that an increase in drain voltage makes
the gate more negative—the equation can now be
written in terms of Ipg and Ipgy.

Ips = Ipser — ngI)SRI-

After transposing, it becomes

IDST

]~+ng1

IDS i

This equation indicates how R; and the transistor’s
gm minimize the effect a temperature change has on
the drain-to-source current.

The larger the resistor, the greater the regulating
effect, but too large a value limits the current in
the transistor to a few microamps, lowers the de-
vice’s avalanche breakdown, and thereby narrows
the range of d-c supplies the ¥ET can regulate.
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Power transistor’s r-f gain
measured by brief pulse

By Octavius Pitzalis Jr.

U.S. Army Electronics Command, Fort Monmouth, N.J.

The frequency at which a power transistor’s gain-
bandwidth product becomes unity is calculated
from a current-gain measurement made at a lower
frequency. If the calculated frequency, commonly
called fr, is to be meaningful, the measured current
gain should be made while the transistor is oper-
ating at its recommended current and voltage lev-
els. Unfortunately, the power dissipated at these
levels raises a transistor’s temperature to a point
where leakage currents multiply and internal re-
sistances increase. These changes make it impos-
sible to measure, with any accuracy, such a delicate
parameter as the transistor’s current gain. ? : C?LLéiTgRovngA%% (3\,50,_:.2, ”
By pulsing d-c currents and voltages into the
transistor for a few microseconds and measuring
the current gain during this interval, high tem-
perature and its adverse effects are prevented from
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causing any detectable measurement error.

A 35-megahertz signal is coupled from the r-f
oscillator through capacitor, C;, into the base of
the transistor. It is not amplified, however, until
one of the 10-microsecond pulses, supplied every
millisecond by the pulse generator, biases Q; into
conduction. When the momentary amplification
takes place the resultant signal is shorted to ground
through the series resonant circuit consisting of
Cs, C3 and L.. The inductance L. is a 34-inch
length of #16 bus wire insulated so that no short-
ing takes place with the probe clipped on. This
short, the required output for a current-gain meas-
urement, can be adjusted for any frequency by
varying Cs.. The inductance, L,, prevents r-f cur-
rents from entering the d-c supply. Its voltage drop
and any others that might occur during the pulse
are overcome by the charge that exists on capaci-
tor, C4. Monitoring the collector voltage and cur-
rent is, nevertheless, necessary and is best done

with a voltage probe, a dual-beam scope and a
current probe.

When collector current, i, and base current,
iy, are measured on that portion of the frequency-
gain curve when the gain is dropping 6 db/octave
the following relationship is valid:

i

where fy = frequency at which the transistor’s
gain-bandwidth product is unity
i. = a-c collector current
i, = a-c base current
f = frequency at which i. and i, are meas-
ured
The two current measurements are made with a

dual-beam oscilloscope and the frequency of the
input signal is read directly on the oscillator’s dial.

Amplifier flattens
ripple in d-c regulator

By Irvin Budych

Borg Instruments, Delavan, Wisc.

Ripple in the output of a rectifier that uses a capaci-
tive input filter can be removed by a simple and
inexpensive transistor amplifier. By taking a portion
of the input ripple voltage, and amplifying it with

a transistor, an inverted collector signal is obtained.
Adding this signal to the ripple voltage neutralizes
the input and the amplifier reduces any variations
in the output to zero. It is as effective in choking
ripple as a large inductor and yet does not lower
the high output voltage of the capacitive filter.

The small signal needed for neutralization is
taken off the line through C; and fed into a high
impedance circuit comprised of R; and R.. After
amplification by Q,, the signal—inverted now by
the transistor—is coupled through C. onto the refer-
ence voltage at the base of Q.. Riding there, it re-
duces all the ripple in the regulator to zero.

~

-/
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Easily installed, the new Microfilm Recorder Accessory makes high-quality archival records on inexpensive 35mm film.

Like fo cut cost of oscillographic recording
up to 95% with a simple microfilm attachment ?
Here's Honeywell's solution:

8 rolls (1500°)
Standard recording paper
0

150" of film
(equivalent of 1500°)
$14.00

A rewarding investment, our new Model 2400 Microfilm Re-
corder Accessory lets you make permanent dynamic records at up
to 1/20th of the cost of using direct-write paper. It will record data
on film simultaneously with your Visicorder oscillograph’s paper
record, or can be operated so only a microfilm record is obtained.
You save money, and you save space because microfilm makes
for convenient storage and easy access to data for analysis and
reference. Viewing and reproduction can be handled by any of a
large number of units currently available.

Better resolution, too! In addition to being economical, the
Microfilm Accessory lets you record data at speeds not possible on
direct-write oscillographs. When used with our Model 1508 Visi-
corder, for example, you could record data on the paper record at
120 ips. the instrument'’s fastest paper speed. At the same time,
the Microfilm Accessory could record the identical data at an
equivalent paper speed of 320 ips for greater resolution of the data.
For maximum recording versatility, you have three methods
of recording when your Visicorder is equipped with the Microfilm
Accessory: microfilm only, direct-write only, and combined micro-
film and direct-write. Depending on the importance and/or dura-
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tion of the data to be recorded, you can choose the proper method
with a simple, three-position switch.

The Model 2400 is easily mounted above a rack-mounted Visi-
corder, and can be factory or field-installed. Film is contained in a
plug-in magazine that can be removed and replaced in about 10
seconds; extra accessory magazines are available.

Fits these Famous Honeywell Visicorders:

ir_ju sol

Model 1508

Model 1612

Model 1912

(Shown with

Microfilm Accessory)
Available for immediate delivery, the Microfilm Recorder Acces-
sory is another example of how Honeywell’s broad line, backed by
local sales and service, can provide the precise solution to your
instrumentation problems. For full details, call Mr. Don Anderson
(collect) at: (303) 771-4700, or write: Honeywell, Test Instru-

ments Division, P.O. Box 5227
Denver, Colorado 80217. Honeywell

Honeywell engineers sell solutions
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Design theory

Narrowing the margin of error

Common-mode deviations that alter the outputs of data amplifiers
can be minimized by combining inverting and noninverting op amps

By Robert |. Demrow

Analog Devices Inc., Cambridge, Mass.

Engineers designing with differential operational
amplifiers must continually reckon with common-
mode error—a part of the difference in the voltage
at the two input terminals that introduces discrep-
ancies into the output. If they don’t make allow-
ances for the problem or act to minimize it, all cal-
culations and measurements will be faulty.

An ideal differential amplifier with two input
voltages, e, and eg, should respond only to the dif-
ference between them, e,. Thus,

€
—=Cn = (eA 3 e") = ‘\‘

where A is the amplifier’s open-loop voltage gain,
and e, is the output voltage. If e, = 10 volts and
er = 10.002 volts, for example, the effective input
is 2 millivolts and the ideal differential amplifier
responds only to that signal.

In practice, however, the differential signals are
distorted by common-mode error, resulting from a
voltage common to both input terminals, a factor
usually attributed to imperfections in the input cir-
cuit’s symmetry. Unequal gains behind the ampli-
fier's inverting and noninverting terminals are one
cause, for instance.

A more realistic expression of a differential am-
plifier’s response, therefore, must take into account
the degree to which the common-mode voltage is
rejected—a factor represented by ¢MRR, or common-
mode rejection ratio. This practical expression takes
the form

e €cm

Eat SR =0T = A + CMRI{

where ecyy = (ea + ep)/2.
Common-mode rejection CMR is expressed in a
logarithmic form:
CMR = 20 ]Og’m \CI\IRR ’
The accuracy of differential amplifiers can thus
be limited by both A and cMmrr. And in any ampli-
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fier, common-mode error can vary with frequency
or voltage level. A circuit’s over-all cmMrr depends
upon the inequality of the amplifier’s internal gain,
common-mode input resistance, and any deviations
from the values calculated for the external resistors.

Joining forces

The error can be minimized by combining invert-
ing and noninverting op-amp circuits to form a dif-
ferential amplifier. The inverting type develops a
negligible error because the common-mode signal
here is in the microvolt-to-millivolt region. How-
ever, this circuit provides low input impedance,
particularly when wide bandwidths are required,
and a noninverting op amp is therefore needed for
most applications. This is where common-mode
error becomes important.

The differential amplifier combining inverting
and noninverting circuits can be used to eliminate
ground-loop potentials and can act as a bridge am-
plifier measuring strain, force, pressure, tempera-
ture, and other physical variables. A further de-
scription of inverting, noninverting, and differential

IDEAL AMPLIFIER
OF GAIN A

Common-mode error. Voltage e. represents the
difference between input voltages es and es. The
common-mode error, shown as a source in series
with ey, is proportional to e..
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circuits appear in “Amplifying remarks,” p. 110.

Although the transistors used in an operational
amplifier are elaborately matched and are gain-
stabilized by internal feedback, there may never-
theless be a gain difference between inverting and
noninverting channels of one part in 10,000, or
0.01%; this holds even for quite expensive units.
Run-of-the-mill field effect transistor op amps have
gain mismatches of 0.1% caused by circuit imbal-
ance resulting from the high output conductance
of FETs,

But consider an economy amplifier with a nom-
inal open-loop gain of 10,000 and a gain error be-
tween its inverting and noninverting signal chan-
nels of one part in 10,000. The noninverting gain
might then be 10,000 and the inverting gain only
9,999. If both input terminals are connected to a
10-volt common-mode source, the noninverting ter-
minal creates an output of 10 X 10,000 volts while
the inverting produces 10 X 9,999 volts. The net
effect is an output of 10(10,000 — 9,999), or 10
volts. Thus, the common-mode output Vo, can be
represented by Ven(As — A;), which ideally would
be zero, but for this amplifier is 10 volts.

The factor (As — A;) is called the common-mode
gain, G, because the 10-volt common-mode output
can be regarded as having been produced by multi-
plying the common-mode input voltage, 10 volts,
by thisigaint Vo —tVem < Cen

Sum of the parts

Complete circuits may also exhibit a common-
mode gain. Even a circuit with an ideal op amp
having identical inverting and noninverting gains
can develop a common-mode error when common-
mode voltage is applied in unequal proportions to
its inverting and noninverting terminals.

The differential configuration relies on the voltage
divider effects Ro/(R; -+ Rs) and Ry/(R; + Ry) to
apply equal fractions of the common-mode voltage
to the inverting and noninverting terminals. If these
fractions are identical, no differential component of
common-mode voltage is created and the amplifier
develops no common-mode output. This, of course,
assumes a perfect amplifier in which A; = A..

But if off-the-shelf resistors with 0.1% tolerance
are used for Rj, R, Rs, and Ry, a resistance error
for the worst case may make R4/ (R3 4+ R4) larger
than its theoretical value, and Ro/ (R; - R2) smaller
than this same value. There will be a net fraction
of common-mode voltage e., applied differentially
between the amplifier’s input terminals, and this
will be amplified by a noninverting gain factor of
(R: + R:)/R; to create a common-mode output
error proportional to the resistance tolerances.

The worst-case distribution of resistance errors
occurs when the four feedback resistors assume new
values of R;(1 — K), Ra(1 4 K), NR;(1 4+ K),
and NR:(1 — K), where K is the resistor tolerance,
and N is the multiplier.

Common-mode rejection ratio is defined as the
ratio of closed-loop, or normal-mode, gain, G,; =

Continued on p. 112
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AMPLIFIER
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NONINVERTING INPUT
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Defining error. Inequality of inverting and noninverting
gains is the basis for common-mode error (top). A
common-mode output proportional to gain inequality
(center) is represented by a differential component

of common-mode input, e.m, applied between amplifier's
input terminals (bottom). Value of hypothetical error
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