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JOHNS HOPKINS NEEDS MONEY

ANNAPOLIS, Feb 14 —President Gilm
of the Tolms Hopkins University made
strong plea before the Finance Commit
in the Senate to-day for a State approp’
tion of $50,000 annually for two ye
After enumeraling the losses sustained
the university in the depreciation of B
more and Ohio Railroad stock values
the suspension of dividends, he sald

'* The expense of maintaining the
versity is not far from $200,000 The
come from investments is $100.000 an«
income from tuition, $50 000 These ar
around numbers, varying a little ye:
year. Unless the deficit of $30.000 ¢
made up, contraction must follow
tractfon will bring great discredit,
will be known throughout the land
dents will drop out and a period of a
wilt follow

‘ The university has no debts. It=
inyested in land buildings, books, :
paratus, is  §1,000.000. It has <
friends, wide reputation, and the
prospect of large gifts But it car
ticipate the legacies which are bein

in its favor. What is needad is a ¢
tion of the aid which the last Le
gave for two years more "

No great opposition has vet mac

. pearance to the appropriation, bu
expected from the county member

FIGHT FOR TORRENCE’S

1
|

CHICAGO, Feb 14-—The first
on behalf of David Tod Torrer
the late Gen Joseph T Tom
seeks to break his father's will
doing become entitled to one-'
million-dollar estate left by t
was taken before Judge Dunne
noon The wilness was T
Youngstown, Ohio
Mr Fisher's testimony was
of the contention that Gen I
mentally incapable of making .
the time the Instrument wae
laboring under the Insane «
David Tod Torrence was not
his nephew
T ol Under the terms O(hlhelll?'
M . e . . . was left in trust to the n
-l nise of electricity to treat hardening of the arteries. Technique, developed by Savings Baiik, that instituti
e - 5 eneral's daughter. S
~<ed on phenomenon known as high-frequency electromagnetic I e e
CARNEGIE REFUSES TO TALK. entte 1510 e ',;f;’l',;‘,?,’“?,.'“,‘{;e'
TUNANDINA, Fla, Feb. 14—Andrew | (0N 110 0 IR
* = hia gister-in-law, | Tod Torrence he bequeathe
~n | the sum of $259.




I
HORIZONTAL
POSITION
FINE
INTENS
I FiND
BEAM
ASTIGMATISM
L MAGNIFIER
FOCUS X1 <5

X10

TRACE ALIGN

|
DISPLAY
INT

EXT EXY
CAL SENS

ac Tl o

EXT INPUT

CALIBRATOR
GND  250MV 10V

ejele)

HEWLETYT - PACKARD

See More! Do More!

LARGE AREA 8x10 cm CRT MAKES ACCURATE
MEASUREMENTS —EASIER!

e 50 MHz at 5 mv/cm « 30 POUNDS « ALL-SOLID-STATE

Accurate measurements are easier to read . . . easier
to make on the new hp 180A Big-Picture Oscilloscope.
New hp design breakthrough offers an extra-large 8 x
10 cm CRT display area—30% to 100% greater than
any other high-frequency scope! You get sharp, crisp
traces for resolution of waveform details. The black
internal graticule, calibrated in centimeters, and bright
trace — give you maximum contrast, make measure-
ments easier to read, more accurate. Parallax error is
eliminated. The 12 kv accelerating potential produces
bright, easy-to-see traces, even at 5 nsec/cm sweeps.
Flood guns in the CRT allow variable background illu-
mination for optimum contrast of graticule and trace
for excellent photographic recording.

Mainframe and plug-ins of the hp 180A are all-solid-
state. Mainframe is the first with power supplies spe-
cifically designed for solid-state circuitry — gives you
full performance benefits from solid-state devices in
all present and future plug-ins.

The dual channel 50 MHz at 5 mv/cm vertical ampli-
fiers have low-drift FET input stages for accurate DC
measurement—plus quick 15-second warm-up. Vertical
plug-in amplifiers drive the CRT vertical deflection
plates directly requiring only 3 v/cm. This allows even
greater bandwidth capabilities in future plug-ins.

e PLUG-IN VERSATILITY

Time base plug-ins offer new easy-to-use delayed
sweep. Tunnel diode triggering circuits lock-in complex
waveforms to beyond 90 MHz. Exclusive hp mixed
sweep features combine display of first portion of trace
at normal sweep speeds, and simultaneously expands
trailing portion of trace at faster delayed sweep speed
to allow magnified examination.

Get the BIG picture! Ask your nearest hp field rep-
resentative for a demonstration of how you can see
more, do more with the new versatile, go-anywhere, 30-
pound hp 180A Oscilloscope. Or, write to Hewlett-Pack-
ard, Palo Alto, California 94304, Tel. (415) 326-7000;
Europe: 54 Route des Acacias, Geneva. Price: hp Model
180A Oscilloscope. $825.00; hp Model 180AR (rack)
Oscilloscope, $900.00; hp Model 1801A Dual Channel
Vertical Amplifier, $650.00; hp Model 1820A Time
Base, $475.00; hp Model 1821A Time Base and Delay
Generator, $800.00, f.o.b. factory.

HEWLETT PACKARD

An extra measure of performance

ACTUAL SIZE
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Customer
Report:

1680-A Eliminates
Human Error

Type 1680-A Automatic Capacitance Bridge Assembly, $4975 in U.S.A.

Corning Glass Works' Electronics
Products Division uses a GR automatic
capacitance-measuring and recording
system in its Quality Control
Laboratory to log data of capacitors
under test in an environmental
chamber. The brains of the system is
a GR 1680-A Automatic Capacitance
Bridge Assembly, which is used with
an automatic component indexer and
an IBM 526 Card Punch. Each
capacitor is placed across the bridge's
input.terminals by the indexer; almost
instantly the measured values are
automatically punched on an IBM
card. Human error is thus eliminated,
and data acquisition is made rapidly,
accurately, efficiently, and in a form
suitable for computer processing.

The 1680-A automatically selects C
and D (or G) ranges, balances, and
displays measurements in digital form,

Photo courtesy of Electronics Products Division of Corning Glass Works.

showing decimal point and units of
measurement. Measurement takes
only 0.5 second at 1 kHz under worst
conditions. Basic accuracy is 0.1% of
reading for C and G, 1% of reading
+0.001 for D. Measurement range is
0.01 pF to 1000 uF.

For complete information, write
General Radio Company, 22 Baker
Avenue, W. Concord, Massachusetts
01781 ; telephone: (617) 369-4400;
TWX: 710 347-1051.

GENERAL RADIO
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DATA SYSTEMS

—— PULSE
INSTRUMENTATION

A Brief Case for
a New Pulse Generator

MODEL: 101. PRICE: $395.00. DELIVERY: 4 weeks. MAJOR SPECS: rep. rates from 10 Hz to 10
MHz, single or double pulses, '5 ns rise time, simultaneous =10V output, variable width and
delay from 35 ns to 10 ms, duty cycles to 70%, =250 mV trigger sensitivity, and both synchro-
nous and asynchronous gating.s TYPICAL APPLICATIONS:

STABLE GENERATION OF PULSE BURSTS REP RATE COUNTDOWN STORAGE AND RECOVERY TIME STUDIES

!* Output

Adv. Trig.

Output synchronously gated . 10 kHz pulse Output counted down from internal clock
burst. (or external triggers) for frequency division.

GATED DIGITAL SIGNALS DESIGN OF POWER CONTROL CIRCUITRY Clean pulses at 5 ns rise time.

W e =NRZ 1 Trie Horiz., 5ns/cm.
. — BEACON INTERROGATION

3 B A el Line
- RZ Derivative / 3 o : 4 j .-E!!. --. Unit
e e e ot et ot e e el st e S VR U T e o ‘ SCR =_.. == gg No. 1
Output asynchronously gated against Output may be triggered from any point FrvT 22"2
NRZ dl%ltal signals. Provides full control on an AC line voltage waveform. Allows phase 5
over RZ derivative. Advanced trigger outputs control of SCRs, thyratrons, etc.
also serve as uninterrupted system clock. Outputs of two 101s shown. First unit

determines pulse separation and pair
separation. Second unit determines burst rate

EXTRA BENEFITS: Weight: 8 Ibs. Height: 3% inches. Width: 8% andipeies pRbtet:
inches. Rack mount two in 3%2 inches of panel height. Rack
mount for one unit leaves space for a data source or system
control. m Convinced that the 101 offers champagne pulses on

a beer budget? Ask for more evidence! See our Technical Bulletin @ATAL—E)@ L%E

101 or a demonstration.

Datapulse welcomes technical employment inquiries.

DATAPULSE/Division of Datapulse Incorporated/509 Hindry Ave., Inglewood, California90306/(213)671-4334, 678-4275/TWX: 910-328-6109/ Cable DATAPULSE
DATAPUILSE @ NESCO INSTRUMENTS e DE MORNAY-BONARDI © KRS INSTRUMENTS
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Best Op Amp

Prices Dropped, Specs Raised
on 5 Economy Models.
New Model 111 Is $9.75 in 1,000 Lots

Did you view Analog Devices as innovator
of industry’s most advanced units? You're
right. But we also offer best price and per-
formance for economy amplifiers.

Don’t take our word for it. Shop around and
see for yourself. And look into ICs while
you're at it. Then contact us for a sample to
evaluate in your own circuit.

ANALOG

P

- Model 105-$16
0.7 nAlC
30,000 Gain

Model 111-$13

1 DEVICES

20 pV/°C

15,000 Gain ) g Model 114-—$35

2 nA/°C 0.2 nA/°C
15 pv/°C
500,000 Gain
+10V, 10 mA

Model 106—$21 Model 108—$28
0.7 nA/°C 0.2 nA/°C
+10V, 5mA 100,000 Gain
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Values Ever!

Max. drift and min. gain values for —25°C to +85°C range con-
trast with “'typical” values given by many op amp manufacturers.
Selection of 10 pV/°C and 5 pV/°C drift offered in B & C models.

Parameter Model 111 Model 105 Model 106 Model 108 Model 114
Open-Loop Gain—min. | 15,000 30,000 250,000 100,000 500,000
Rated Output—min. 10V, 2.5 mA 10V, 2.5 mA 10V,5mA 10V, 2.5 mA 10V, 10 mA
Bias Current—max. 200 nA 50nA 50 nA 2nA 2nA

vs. temp.—max. 2nA/°C 0.7 nA/°C 0.7nA/°C 0.2nA/°C 0.2nA/°C
Offset Current—max. 20 nA 5nA 5nA 2nA 2nA

vs. temp.—max. 1nA/°C 0.2nA/°C 0.2 nA/°C 0.05 nA/°C 0.05 nA/°C
Input Impedance

differential 200 ko 1mQ 1mQ 4mQ 4mQ

common mode 50mQ 100 mQ 100 mQ 500 mQ 500 mQ
Bandwith 1.5 mHz 2 mHz 2 mHz 0.5 mHz 0.5 mHz
Voltage Drift—max.

Model A 20 pV/°C 20 pV/°C 20 pV/°C 20 pV/°C 20 pV/°C

Model B — 10 wV/°C 10 wV/°C 10 uV/°C 10 uV/°C

Model C — 5uV/°C 5uV/°C 5uV/°C 5pV/°C

A BUEE AgndBay v CE ALBE AFSBENC

Price (1-9) $13 $16 $21 $26 | $21 $26 $31 | $28 $33 $38 | $35 $40 $45

Price Performance Break-
through — Analog Devices has
introduced a step-function im-
provement in price-perform-
ance ratio for low-cost op amps
... not just a token advance
over present-day standards.

Consider — Who else offers an
op amp with Model 111’s specs
at $9.75 in 1,000 quantities?
Who else has a unit (Model 105)
with bias current drift below
0.7 nA/°C for only $162 Where
could you get a $21 amplifier
(Model 106) with 250,000 gain
and 5 mA output? Or an ampli-
fier (Model 108) with 0.2 nA/°C
maximum bias current drift and
100,000 gain for only $28?

Versus ICs — The new price-
performance standards set by

Analog Devices economy line
clearly resolves the controversy
between discrete-component
and integrated-circuit opera-
tional amplifiers (except where
size is the critical factor). To-
day, and for the foreseeable fu-
ture, 1Cs just can’t match the
current-drift, gain, and input
impedance values achieved by
these new amplifiers. Model
111, at $9.75 in 1,000-lots,
shows that they can’t compare
in price for a given perform-
ance, either.

No Excuses — No longer can
you justify a make rather than a
buy decision, even when pro-
duction runs into thousands of
units. Now you can use op amps
where they would have been
uneconomical only last month.

ON READER-SERVICE CARD CIRCLE 5
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Catalog — Mark bingo-card to
get Economy Line Catalog with
full details on these 5 units.

o > Catalog also gives

| specs on 6 further
economy amplifiers.
We’ll send you a
| short-form catalog
| on our advanced
units too.

Sample — Contact Don Belan-
ger, Applications Engineer, for
a unit to try out in your own
circuit.

ANALOG

221 FIFTH STREET
CAMBRIDGE,
MASS. 02142

617/491-1650

DEVICES




MIL-T-713 calls for 22% to 32%
wax coating on LAGING TAPE.

- But what really is the right amount
for trouble-free, tight-knot lacing?

- GUDEBROD KNOWS. They make yard after
yard after yard exactly right!

- GUDEBROD TAPE cuts harness costs!

Give the sample any comparative test
you want. Let your harness crew try it.
Send it to your lab. It's exactly what
you'll get when you order Gudebrod

tape—everytime.

You are often required to lace with tape that meets MIL-T Specs—

with a specified range of wax content. But that's no assurance that GUDEBROD CABLE-LACER

you are using a tape that ties tight, holds tight, that probably won't The first hand taol engineered for wire harnessing.

be rejected—unless, of course, you have Gudebrod Gudelace. Like Handle holds bobbins, feeds tape as needed, e
all Gudebrod Lacing Tapes it's manufactured under strict quality grips tape for knotting. Speeds, eases v
control including the wax coating. Every yard of Gudelace is im- harnessing. Pays for .

pregnated exactly the same, exact!y right. You can count on that—and on itself in time saving. Vs

speedier, easier, better harnessing. That's where you save real \ ‘

money. Want to know more? Get in touch with Gudebrod. b

Area Code 215, WA 2-1122

G UDEBROD BROS. SILK CO., INC.

FOUNDED IN 1870

5 =
(L] " - - . -
= (SISO B 2ar 2 &
_“\/ i
Ganpe” 12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107
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LINEAR INTEGRATED CIRCUITS STATE-OF-THE-ART ... ONE OF A SERIES

“Last month we said we had
the world’s finest
integrated circuit operational amplifier.
The proof is in this chart.”

c are » specifications p + MC1533 in the chart bel jith oth
Compare the specifications for our 533 in the chart below with any er Choose the ane withdbe Highest gain.

Choose the one with the fastest slew rate.
Choose the one with the highest stability.

high performance Op Amp. We're sure that the facts speak for themselves:

HIGH PERFORMANCE OPERATIONAL AMPLIFIERS

CHARACTERISTIC: MC1533 MC1433 8078 «AT09 «AT09C SN525 WM174Q Ch h i thel t
Temperature Range (°C) S5t0 1125 0to 175 55t 1125 55t 4125 O0to 175  * 55 to 1125 sy T e
2SR pgeNLl - : voltage swing.

Open Loop Voltage Gain (min) 40,000 30,000 25,000 25,000 15000 25,000 (typ)t 20,000
Input Impedance (min) * 500 Ko 300 Ko 500 Ko 150 Ko ___50Ka 80K (typ)t 100 Ko
{Input Offset Current (max) 150 nA 5000A 50 nA 200 nA 500nA  50nA(typ)t 500 nA SEE WHAT WE MEANT LAST MONTH?
Input Offset Volt 5mv 7.5 mv 25mV 5mV 7.5 mV V t * , .
IpILTseEVoltage max) L il A L L 1mV (typ) — Now that you’'ve chosen, on the basis of
Temperature Drift, 7y 5% 5 3
Voltage ,.V/°C 5 (typ) 8 (typ) 10 (max) 6 (typ) 6 (typ) * * comparative specifications, Motorola’s
CurrentnA/°C 0.05 (Typ) 1 (typ) 5 (typ) 2 (typ) Ukt %, e | MC1533 Integrated Circuit Operational
Output Voltage Swing (min) =11V =10V +10V =10V +10V +6V(typ)t +10V iBor ala Jincher: W.
@ Load of y 2Ka 2 KQ 1 Ka 2 Ko 2K 6000 =d Alrnlillfl(,’l‘v helf S th(;- C ln?( hell\J. \\g };ave a i
Input Common Mode Swing (min) -9 +8V =7V +8V +8V =6V (typ)! - WHOKCSAEICs O App ication ()te‘\f Sl
S 8V o B s e e i S to help you to better understand its use.
Slew Rate (typ) ~ 11V/usec  11V/usec : * At ; S| We'll send them to you, gratis, with our
Package 10 Pin TO-5 10 Pin T05 T0-5 8 Pin T0-5 8 Pin T0-5 10 Pin 12 Pin data sheets, including a data sheet for the
and Flat and Flat and Flat and Flat and Flat Flat 7Flat )

— - e new MC1433 ($15.00, 100-up version of the

34.00 15.00 45.00 50.00 15.00 . . MC1533). Just drop us a line on your
Flat 40.00 19.00 45.00 65.33 32.50 38.50 49.30
* — Parameter not specified or unknown

t Min-Max specifications unavailable

company letterhead.

where the priceless ingnedient i cane! . MOTOROLA Semiconductors

MOTOROLA SEMICONDUCTOR PRODUCTS INC. / P.0. BOX 955 / PHOENIX, ARIZONA 85001 / (602) 273-6900 / TWX 910-951-1334

ON READER-SERVICE CARD CIRCLE 7
ELECTRONIC DESIGN 4, February 15, 1967

|




lumber sorting-the modern way

Allen-Bradley control panel—
incorporating A-B dry reed switching units—

substantially increased ‘“output”!

m Here’s a lumber sorting operation where Allen-Bradley
dry reed switching solved a serious problem. It provides
not only the required high speed switching for rapid
sorting but also the required reliability to insure con-
tinuous operation. The unavoidable operating conditions
—extreme dust with wide temperature variations—can
be ignored in reed switching.

The reason for the success of this installation is self-
evident. T'o begin with, each individual dry reed contact
in the Allen-Bradley system is hermetically sealed within
an inert gas filled glass tube—contact contamination
cannot occur. Consequently, the A-B reed devices will
provide hundreds of millions of faultless operations.

Allen-Bradley dry reed switching is in the millisecond

range. Unlike solid state devices, it is insensitive to ‘‘tran-
sients” or wide temperature variations. Also, A-B dry

iy
iy,
S afig i v,
N THIH
jglingite
1 i

reed switching consists of simple relay circuits, with
which electricians are well acquainted.

All Allen-Bradley units are of rugged modular con-
struction, uniform in height and depth and arranged
for panel mounting. Terminals—all accessible from the
front and individually identified —simplify wiring and
circuit tracing.

Allen-Bradley dry reed switching units are available in
a variety of types, as described at the right, to make pos-
sible complete design flexibility. Allen-Bradley engineers
will be pleased to work with you on the application
of these dry reed switching units. Please let us hear
from you. Allen-Bradley Co., 1344 South Second Street,
Milwaukee, Wisconsin 53204. In Canada: Allen-Bradley
Canada Ltd. Export Office: 630 Third Ave., N.Y., N.Y.,
U.S.A. 10017.
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BULLETIN 1690

Power Supply

It furnishes filtered direct
current for proper opera-
tion of the high speed dry
reed devices.

e
AT CAR TN M M

BULLETIN 1691
Resistor-Capacity Network
Provides arc suppression
for contact protection when
switching inductive loads.

Compact clip-on pilot light
units are also available.
Readily visible, lights are
easy to mount by slipping
bracket into a recess at the

ALLEN-BRADLEY

Member of NEMA

1165-20 QU ALLET Y MO T ORYEONT RO L
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Now from Sprague!

Ty

0
N

for maximum capacitance in minimum space!

Type 36D Cylindrical Case

Designed specifically for space economy, in applications
such as computer power supplies, industrial controls,
high gain amplifiers, etc. Case sizes from 13%"” x 2%"
to 3” x 5%". Improved temperature capabilities—may
now be operated at 85 C. Low equivalent series resis-
tance, low leakage current, excellent shelf life, high
ripple current capability. Superior seal employs molded
cover with recessed rubber gasket. Reliable safety vents,
Solder lug or tapped terminals. Standard ratings from 3
to 450 VDC, capacitance values to 270,000 uF.

N
WERLYTIC CAPACITORS
2 CASE §

oy

IES...

Type 39D Tubular Case

Smaller companion to proven 36D capacitor, possessing
same outstanding performance, Case sizes from 2" x
1%" to 1” x 3%". Designed for operation at tempera-
tures up to 85 C. Unique construction—anode and
cathode terminals are welded—no riveted or pressure
connections—prevents open circuits, even in microvolt
signal range. Improved molded phenolic end seals con-
tribute to unusually long life (expectancy, 10 years or
more). Low effective series resistance, low leakage cur-
rent. Standard ratings include capacitance values to
18,000 uF, voltages from 3 to 450 VDC.

For complete technical data on Type 36D or Type 39D Powerlytic Capacitors,
write for Engineering Bulletins 3431B and 3415, respectively, to Technical Litera-
ture Service, Sprague Electric Co., 347 Marshall Street, North Adams, Mass. 01247.

Popular ratings are now available for fast delivery from your Sprague Industrial Distributor.

SPRAGUE COMPONENTS

®
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS s p R n G U E
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

ILITY
INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIAB
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

4SC-56131R2

T 3
‘Sprague’ and ' (2)' are regi d of the Sp Electric Co.
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10

ELECTRONIC DESIGN 4, February 15, 1967



Beam leads and bumps start to take the place
of frail bonding wires in |IC packages. Page 17

3

Computers teach the Morse code to 24 Army The science of electronics opens new fields
pupils at once, each at his own pace. Page 36 of opportunity to the art of medicine. Page 50

Also in this section:

Skeletal arrays use fewer elements with no loss of resolution. Page 22

Automatic infrared scanner spots flaws in the production of circuit modules. Page 32

News Scope, Page 13 . . . Washington Report, Page 29 . . . Editorial, Page 75
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gigacycle counters

Only Systron-Donner can give you

microwave frequency measuring
systems, fully contained in

one cabinet, that read directly in
gigacycles. Just like this 11 gigacycle reading.

This one reads gigacycles instantly and
automatically—eliminating all risk of
human error. It's made possible

by our unique plug-in, an

Automatic Computing Transfer
Oscillator called ACTO® for short.
There are three ACTOs, but you need only the one

for the range you're working in: 0.3 to 3 GHz, 3 to 8 GHz, or 8 to 12.4 GHz.

it measures FM, FM deviation, and pulsed
RF as well as CW. The plug-in is our semi-
automatic transfer oscillator with phase lock

to get counter accuracy.The T.O. range is so

CTLUvULLLLL ] A LLIT 4

wide that this cabinet will measure the entire spectrum from dc to 15 GHz.

This group illustrates the Systron-Donner philosophy of advanced counter

P instrumentation. A basic counter or counter-
: timer measures to 100 MHz. Plug-ins
=Y add functions or extend the frequency
| (‘J range with unequalled
convenience and economy.

e How to
< 8 s ; - t digital
s Send for this instructive booklet. | §€ |_ﬂ|
i readings
Systron-Donner Corporation, 888 Galindo Street, Concord, California ot mlcmwave
frequency
SYSTRON €31 ) DONNER [ oo e
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12 ELECTRONIC DESIGN 4, February 15, 1967



U.S. missile designers
Seek harder hardware

Redesign of U.S. ICBM war-
heads is being pushed, amid wide-
spread speculation that the Soviet
antimissile defense is relying on the
energy of X-rays to knock out in-
coming hardware. But American
concern over the “hardness” of its
atomic missiles is hardly new.

This country has known since
August, 1958—when it conducted
high-altitude nuclear explosions
over the Pacific—that an electro-
magnetic defense against missiles
is theoretically possible. The effects
of thermonuclear blasts in the up-
per atmosphere, it was found, are
not confined just to tremendous
blast, heat, and gamma and neutron
radiation effects. A U.S. Army re-
port, The Effects of Nuclear Weap-
ons, published in April, 1962 de-
scribed the added punch this way:

“The ionization produced by ther-
mal X-ray and ultraviolet light,
which is small at lower levels, be-
comes significant for nuclear det-
onations in the 40-to-70 mile
range.”

The X-rays at this height, the re-
port said, “carry as much as two
thirds of the explosion energy,” and
“the electron values they produce
will be high and will extend out to
some distance from the point of
burst.”

“Immediately after the time of
the burst,” the report said, “the
thermal X-rays deposit about half
the total energy of the detonation

Can X-rays knock out missiles?

within a few miles of the burst
point. If the energy yield is in the
megaton range, this energy will be
sufficient to dissociate and ionize
essentially all of the molecules of
oxygen and nitrogen in the air and
raise the temperature of the region
by several thousand degrees.”

Under these conditions, the guid-
ance and electronic systems in mis-
sile warheads may be disabled. But
heavier shielding and added pro-
tection for circuits increase weight
critically and cut the payload of the
missile.

Pentagon concern has been in-
creasing, because in one Soviet test
in 1961 a single thermonuclear ex-
plosion succeeded in destroying two
incoming missiles.

Modification of U.S. missiles,
with the aim of “further decreasing
warhead vulnerability to nuclear
environments generated by antibal-
listic missile counter-measures,” has
been a continuing program, accord-
ing to the Atomic Energy Commis-
sion’s latest annual report. The rub,
however, is this: with atmospheric
atomic blasts now banned under a
U.S.-Soviet agreement, there is no
effective way for the U.S. to test
whether its redesigns have solved
the problem.

The Soviet antimissile system is
reported under construction around
such major cities as Moscow and
Leningrad. So far the U.S. has
shied away from building a simi-
lar network.

In an effort to avoid escalation of
the world armaments race, the
U.S. has initiated talks with the So-
viet Union, aimed at freezing the
status quo in missile defense.

Physics show abounds
in electronic devices

Electronics has become an inte-
gral part of physies research that
one exhibitor at the annual Ameri-
can Physical Society show in New
York remarked, “You can’t be a
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physicist today without handling
electronic instruments.”

Some of the chief factors in this
blossoming instrumentation market
were apparent on a tour of the
four-day show that ended on Feb. 2.

Microcircuits are moving very
quickly into the wide range of
counting and timing instruments
physicists use to tally up and ana-
lyze the outputs of various detec-
tors. The biggest use of these in-
struments is in nuclear research,
but other applications range from
cell studies to space.

Computers are moving from a
passive analytical role into closer
touch with actual experiments. Rea-
sonably priced, smaller scientific
computers and the time-shared sys-
tems being installed by large re-
search organizations are the pri-
mary influences. Instrumentation is
showing up that is suitable for pro-
graming from a computer and send-
ing outputs to the computer.

Lasers are proving to be versatile
research tools. For physics and bio-
logical research, the market for
pulsed lasers alone is now about $3-
4 million annually, one exhibitor es-
timated. A typical system sells in
the $20,000 range.

Manufacturers such as Hewlett-
Packard, EG&G, Electro-Mechani-
cal research, Keithley Instruments,
RCA and Varian showed ranges of
product lines. Many small compa-
nies showed devices or instruments
that'had a high degree of design in-
genuity. Competition for the physi-
cists’ dollars is obviously keen, but
the potential for further expansion
seems to warrant the effort.

Lack of magnetic field
may hurt lunar explorers

By now it is conclusively estab-
lished that there is no magnetic
field on the moon. An article in the
Soviet equivalent of Aviation Week
(Aviation and Cosmonautics, July,
1966) by Dr. V. Lebedev sees this
as a possible source of danger for
lunar explorers.

The author cites experimental
evidence indicating that our time
perception (the biological clock) is
dependent on the frequency of the
earth’s magnetic field. Thus, the
frequencies of the major brain bio-
potentials (the so-called alpha
rhythm) vary between 8 and 16 Hz,
which is in the range of the fre-
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SGODG CONTINUED

quencies of fluctuation
earth’s magnetic field.

Experiments with human beings
show that our perception of time is
inversely proportional to the fre-
quency of the alpha rhythm.

The importance of the accuracy
of our “clocks” is not fully under-
stood at this time. Two assumptions
about the possible effects of zero
magnetic field environment on hu-
mans can be stated, however, as:

Either the absence of magnetic
field will have no effect on the phy-
siological activity of a body provid-
ed that its intercellular processes,
after millions of years of “experi-
ence,” require no external timing;

Or the functioning of a body will
be adversely affected. In this case
the astronauts will have to have
generators of slow electromagnetic
signals added to their headgear.

in the

Study of frequency shift
stirs walkie-talkie static

Confusion in the walkie-talkie
market is now almost as bad as re-
ception sometimes is with the popu-
lar radio sets.

Some manufacturers have react-
ed with wounded outrage to the
news that the Federal Communica-
tions Commission is considering
shifting the frequency for walkie-

talkie transmissions from the citi-

zens’ band of 27 MHz to the area
between 49.9 and 50 MHz. Such a
move would make most of the walk-
ie-talkies on the market today ob-
solete, since most are inexpensive
units that cannot readily be con-
verted.

One manufacturer told The New
York Times that a $500,000 order
was in jeopardy.

The Chief Engineer’s Office of
the FCC, which is studying the
question of a shift in frequencies,
says that there have been “a lot of
complaints” about interference on
the citizens’ band. The ‘low-power
walkie-talkies have become trouble-
some because they are one of the
fastest-growing toys on the market.
it has been estimated that at least
10 million children and adults
in the nation use them for diver-
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sion. Many of the sets are imported
from Japan.

According to FCC table of fre-
quency allocations, the area from
49.9 to 50 megahertz is now allocat-
ed to broadcasting, mobile and fixed
services. The code stations of am-
ateur radio operators are also in the
vicinity, and some pessimists fear
that any shift in the frequency of
one hobby might only impinge on
the other.

Physicist envisions
the end of time

There may well exist a scale of
distances and events so small that
time loses its meaning, according to
Dr. John A. Wheeler, professor of
physics at Princeton University.

Dr. Wheeler described how scien-
tists, probing ever deeper into the
nature of matter, have always
found evidence of yet deeper strata
beyond their reach. To this, he sug-
gested to the annual meeting of the
American Physical Society in New
York, there must be an ultimate
end. He envisioned a final geometric
unit that would be approximately
10-33 centimeters in length.

On this infinitesimal and so far
unattainable scale, there would be a
change in the quality of everyday
phenomena, much as happens at ve-
locities great enough for the effects
of relativity to be evident. On this
least scale, he said, “time would
have no meaning ; there would be no
such thing as before and after.”

Three firms unite to bid
for Voyager contract

A consortium has been set up to
bid for a NASA contract to make
the preliminary design of an un-
manned space capsule to be landed
on Mars.

The capsule would be the main
component of the Voyager inter-
planetary vehicle, which may be
lobbed toward Mars atop a Saturn
V rocket as early 1973. The automa>
ton would collect data on possible
life forms, the atmosphere and
geophysics of the planet.

Martin Marietta Corp.’s Denver
division would be the prime con-
tractor of the consortium. It would
undertake total program manage-
ment and over-all systems engi-
neering and integration.

The Autonetics Div. of North

American Aviation, Anaheim,
Calif., would deal with the elec-
tronics of the capsule’s flight-con-
trol system and its sensor appara-
tus. RCA’s Astro-Electronics Div.
at Princeton, N.J., would handle
Voyager’s telemetry and communi-
cations equipment.

Computer programs
available from NASA

Twenty-two computer programs
that can be adapted for industrial
and educational use are being
offered by the National Aeronautics
and Space Administration at “a
nominal charge.”

The programs, the result of space
research, are described in a catalog,
Mathematical Computer Programs:
A Compilation. The catalog can be
ordered for $1 (specify “NASA
SP-5069”) from the Clearinghouse
for Federal Scientific and Technical
Information, Springfield, Va. 22151.

IBM confirms probe
of computer market

International Business Machines
Corp. has confirmed reports that it
was advised by the Justice Dept.
that “a preliminary investigation”
of the whole computer industry is
under way. The company was also
advised that, ‘“depending on the
facts, a more comprehensive investi-
gation may follow in the future.”

Justice Dept. officials refused to
discuss the probe, but there was
speculation that there will be an
intensive investigation of sales and
pricing practices of IBM and of
other computer manufacturers. As
IBM holds a lion’s share of the mar-
ket, it is naturally expected to be
the main target.

It is estimated that IBM manu-
factured about 60 to 70 per cent of
the more than 40,000 computers in
operation in the U.S. The company
may also account for as much as
three-quarters of the more than 23,-
000 unfilled orders in the industry
—some 18,000 machines. Practical-
ly all these are System/360 models.

It is believed that the Justice
Dept. investigation was instigated
by other computer manufacturers’
complaints about IBM. Many firms
feel that antitrust proceedings are
overdue against a company that
commands so large a proportion of
the market.
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18 gate circuits with 1
to 6 gates per package in a
variety of input arrangements, 3 RS
flip-flops, 2 JK flip-flops, 1 pulse binary
counter plus diode expanders, and a variety of
. interface circuits...all available in dual-in-line pack, flat-
- pak,or TO can.For technical data, write Westinghouse Molecular
Electronlcs Division, PO. Box 7377, Elkridge, Maryland 21227.

Call your Westinghouse Electronic Distributor now.

You can be sure if it's Westinghouse

J-09136




Two years ago, Varian
introduced an exceptional new
line of diodes—Bimode" diodes.
They are still the best
frequency multiplier diodes

in their class!
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STANDARD SERIES ELECTRICAL SPECIFICATIONS
Minimum Minimum Cutoff
Output Output Reverse Junction Frequency or Maximum | Maximum
Frequency Power Breakdown | Capacitance | Maximum series | Transition | Thermal
Type Range Range Voltage at —6 Volts Resistance Time Resistance
Number Mc w v pf GHz or () ns °C/W
VAB800 300- 750 3-30 200 18- 25 (0.35) 10.0 3
VAB810 500- 1000 2-24 175 18- 25 ( .35) 8.0 3
VAB820 600- 1200 2-16 150 10- 20 40 5.0 5
VAB801 750- 1500 1-10 120 8-10 60 3.0 7
VAB811 1000- 2500 1-10 100 8-10 60 2.0 7
VAB802 1500- 3000 1- 6 120 4- 5 90 3.0 10
VAB812 2000- 4000 1- 6 100 4- 5 90 2.0 11
VAB803 3000- 5000 0.5- 4 80 2.5-3.5 120 1:0 13
VAB804 5000- 7000 0.5-2.5 80 1.5-25 150 0.70 15
VAB814 5000- 8000 0.3-1.5 60 1.5-25 150 0.40 15
VAB824 6000- 9000 0.3-1.4 50 1.0-1.5 160 0.30 30
VAB805 8000-12000 0.1-1.0 40 0.5-0.7 175 0.15 50
VAB806 12000-15000 | 0.05-0.5 30 0.3-0.5 200 0.10 75
VAB807 15000-25000 | 0.05 6 0.15-0.2 350 0.05 300
Now Varian introduces

Super Power Bimode® diodes—
3 db power improvement

over the standard series, not to mention
70% efficiencies. No other comparable
diodes can match their performance!
Varian’s new Super Power Bimodes offer complete

_static characterization, plus guaranteed dynamic

performance. (Over 20 case styles to choose from.)

For a bulletin describing Super Power Bimode® diodes, write VARIAN BOMAC,
Salem Road, Beverly, Massachusetts. In Europe: Varian A. G., Zug,
Switzerland. In Canada: Varian Associates of Canada, Ltd., Georgetown, Ontario.

“AT THE IEEE SHOW DON'T MISS THE WORLD OF VARIAN"

varian
bomac division
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Integrated circuits shed their wires

Bonding connections, cause of many headaches,
are being replaced by solder bumps and beam leads

Roger Kenneth Field
Microelectronics Editor

The ideal integrated-circuit pack-
age is small, cheap, reliable and cap-
able of dissipating heat easily. But
it is not easy to attain. For one
thing, the extremely fine wires that
connect the chip’s bonding pad to
the package’s terminal studs are
frail, unreliable and expensive, and
the assembly takes many times the
space of the chip.

Some of the sharpest device de-
signers are creating new packages
that will bring the ideal closer to
the distributors’ shelves. Naturally
the new generation of integrated-
circuit packages will not have those
troublesome wires.

Here are some of the interesting
new wireless packages:

® A new production machine, de-
veloped by Fairchild Semiconductor,
Mountain View, Calif., bonds a chip
in one motion, into a dual, in-line
package. The chip is prepared with
aluminum bumps on its bonding
pads, and the package—a ceramic
substrate with legs—has a match-
ing gold-plated lead pattern (see
Bigoslti

® A tiny monolithic memory that
has beam leads for structural sup-
port has been fabricated by Bell
Telephone Laboratories, Murray
Hill, N. J. The memory, packaged
and equipped with 24 leads, mea-
sures only 30 by 36 mils. All its 32
active elements are isolated one
from another by air.

® Integrated circuits prepared by
the decal method—in which a layer
of glass holds together the air-
isolated elements—have been devel-
oped by RCA Laboratories, Prince-
ton, N. J. The glass-protected cir-
cuits have a bump of solder on each
of their bonding pads. The circuits
can be soldered directly to the cop-
per plating on a printed-circuit
board, according to the scientists
who developed the process.

All three processes eliminate the
troublesome wires. Only one-third

the diameter of a human hair, these
wires often break loose from their
pads when: the devices are subjected
to extreme accelerations. And they
are expensive to put on. The bond
at each end of the wires must be
positioned by hand, with a micro-
manipulator, by a production work-
er who peers at the wires through a
microscope. A worker can connect
only about 350 integrated circuits
a day.

The wires also introduce produc-
tion problems. The wirer must cen-
ter the bond on its pad. A misplaced
weld can short out two terminals.
Or it can ruin working devices near
the bonding pad. Even if the weld
is perfectly centered, visual in-
spection cannot always determine
whether or not it is mechanically
secure and electrically sound.

Any chip is fair game

The new processes can be used
with any integrated -circuit.

The Fairchild machine is already
at work on the production line. It
bonds a 14-lead chip into a ceramic
package (called the Fairpak) in 20
seconds instead of the minute and a
half required to hand-wire the same
chip. The Fairpak looks like, and is
interchangeable with, the dual, in-
line pack that is in common use.

The company expects to package
10 per cent of its dual in-lines in
Fairpaks this year. The first units
will contain DTL. They should
reach distributors’ shelves by the
end of this month. After the cost of
developing the Fairpak is written
off, the company expects to pass the
savings along to the customer.

Beam leads and decals coming

It will be a while before Bell
Laboratory’s beam lead and RCA’s
decal . integrated circits are in pro-
duction and available off the shelf.
When they are, however, they will
offer the designer many advantages.
The air-isolated elements of both
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1. The shaft is poised, ready to lower
the chip to the heated substrate. Fair-
child’s wireless bonder is on the pro-
duction line.
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(IC wires, continued)
circuits can perform as well as dis-
crete-component circuits.

“Speeds of monolithic circuits are
limited by interelement parasitic
capacitances,” says Martin Lep-
selter, inventor of the beam lead.
“But air isolation allows the circuit
designer to breadboard a circuit
with discrete components and rest
assured that its integrated form
will perform as well.”

The beam-lead circuit is just
slightly bigger than the working
surface of the ship, and its critics
contend that it is unprotected and
fragile. But Lepselter disagrees.

“The beam lead circuit is nearly
indestructible,” he says. “Acids that
can easily corrode a metal can,
metal lead wires and an aluminum
interconnection pattern of an ordi-
nary device are foiled by the beam-
lead package; it exposes only sili-
con nitride, silicon and gold to its
environment.”

It is also mechanically almost in-

destructible, Lepselter adds. He has
run the devices up to accelerations
of 300,000 G in a special centrifuge,
and they show no signs of damage.

“They’re tough because they're
small,” he observes. “A beam lead
is only half a mil thick, but it’s one
mil wide and about six mils long.
Half a mil may sound thin, but
bring those dimensions up to a hu-
man scale. Imagine trying to break
a beam that is six feet long, six
inches thick and a foot wide. And
gold is malleable. The lead can be
bent through a 90° angle 20 times
before it breaks.”

Above all, of course, the attrac-
tion is the package’s small size. A
24-lead memory, completely pack-
aged, fits on the end of a standard
flatpack’s lead (see Fig. 2). The
finished beam-leaded device is little
larger than the working surface of
the microcircuit (see Fig. 3).

The leads connect the chip inter-
nally and externally and the idea of
using them for structural support
is simple. The problem is to fabri-
cate such a chip—and, harder yet,

2. The tiny beam-lead flat packs are dwarfed by a conventional flat pack. This
silicon slab, the size of a matchbook, contains the bipolar memory chips and
their drivers—a total of 128 flat packs.
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Available from your

V.

distributor

WESTERN DISTRIBUTORS:

Fortune Electronics

695 Veterans Blvd.

Redwood City, California 94063
(415) 365-4000

Kierulff Electronics

3969 East Bayshore Road
Palo Alto, California 94303
(415) 968-6292

Arco Pacific

Bohamon Drive

Menlo Park, Calif, 94025
(415) 324-1356

Liberty Electronics Corp.
339 South Isis Avenue
Inglewood, California
(213) 678-8111

Spectronics

131 Garnet

Ridgecrest, California 93555
(714) 378-2831

Western Electronic Components
4301 Birch St.

Newport Beach, California
(714) 540-1322

(213) 631-6119

Newark-Denver Electronics Supply
P. O. Box 22045

Denver, Colorado

(303) 757-3351

Pacific Electronics
1336-4 Dillingham Blvd.
Honolulu, Hawaii 96817
817-118

Sterling Electronics, Inc.
1712 Lomas Blvd., N.E.
Albuquerque, New Mexico
(505) 247-2486

Kierulff Electronics

2585 Commerce Way

Los Angeles, California 90022
(213) 685-5511

Ballard Supply Company
3109 Washington Blvd.
Ogden, Utah 84400
(801) 394-5541

Ballard Supply Company
44 East 6th Street, South
Salt Lake City, Utah 84100
(801) 364-6541

Kierulff Electronics
6133 Maynard Ave., S.
Seattle, Wash. 98108
(206) PA 5-1550

Kierulff Electronics
8137 Engineer Road
San Diego, California
(714) 278-2112
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MONOLITHIC
'YOLIAGE
REGULATOR

e (utput adjustable
from 2V to 30Y.

e (utput currents in

power fransistors.
® (Can be used as either a

switching regulator.

excess of DA using external

linear or a high-efficiency

The first of a new line of monolithic linear integrated circuits

This versatile regulator features reg-
ulation better than 1 percent for
widely varying load and line condi-
tions. Temperature stability is better
than 1 percent over the full military
temperature range. As a linear regu-
lator, the LM100 provides current
limiting, excellent transient response
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and unconditional stability with any
combination of resistive or reactive
loads. As a switching regulator the
circuit will operate at frequencies up
to 100KHZ with efficiencies better
than 85 percent.

The LM100 is immediately avail-
able from distributor stock.

ON READER-SERVICE CARD CIRCLE 16
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MICROCIRCUITS DIVISION
NATIONAL SEMICONDUCTOR CORPORATION
2950 SAN YSIDRO WAY, SANTA CLARA
CALIFORNIA 95051 (408) 245-4320
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New from Spragve!

* 5 Times the Resistance of
a Conventional Metal-Film Resistor

of Equal Size!

Maximum
Type Rating | Size | Resistance
Extended-Range ”

Fimistor | 1/10 |90, %| 15 Mo
Resistor ; ;
Conventional 095" D

Metal-Film | 1/10 o507 | 03 MQ
Resistor ' :

EXTENDED-RANGE FILMISTOR
METAL-FILM RESISTORS

Substantial saving of space in all wattage ratings —
1/20, 1/10, 1/8, 1/4 1/2, and 1 watt—with
absolutely NO SACRIFICE IN STABILITY!

Extended-Range Filmistor Resistors now offer, in addition to accuracy . . . sta-
bility . . . reliability . . . resistance values in size reductions which were previously
unobtainable. Size and weight advantages of Filmistor Resistors now make them
ideal for applications in high-impedance circuits, field-effect transistor circuits,
etc. Many designs which previously had to settle for the higher temperature
coefficients of carbon-film resistors in order to obtain required resistance values
can now utilize the low and controlled temperature coefficients of Filmistor
Metal-Film Resistors.

Other key features are +1% standard resistance tolerance, low inherent noise
level, negligible voltage coefficient of resistance, and tough molded case for
protection against mechanical damage and humidity.

For complete technical data, write for Engineering Bulletin

7025C to Technical Literature Service, Sprague Electric Co.,
347 Marshall Street, North Adams, Massachusetts 01247.

SPRAGUE COMPONENTS

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

RESISTORS

CAPACITORS
TRANSISTORS
INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
INTERFERENCE FILTERS

4SR-6139

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ' (@) are registered trademarks of the Sprague Electric Co.
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(IC wires, continued)

to make them in production quanti-
ties.

The fabrication of beam leads re-
quires sputtering and back-sputter-
ing, which are not normal produec-
tion techniques. But Lepselter and
his collaborator, Donald D’Stefan,
feel that there is nothing to prevent
the sputtering process from being
used successfully on the prodction
line.

“We do it easily with fairly junky
vacuum equipment,” Lepselter ex-
plains, “the kind of stuff you
wouldn’t give a second thought to
if you saw it in a semiconductor
plant. I mean we have some pretty
snazzy equipment at the lab, but
we don’t need it to make beam
leads.”

Last June, General Instruments
put the technique into production
and started delivering beam-leaded
diodes. The company’s director of
research, Dr. Leland Seely, says
that he and his colleagues should
soon be developing a beam-leaded
MOS array for the U.S. Air Force.

One particularly attractive fea-
ture of the beam leads is that the
chip is packaged while it is still on
the wafer. One major manufacturer
estimates that nearly a third of the
total labor involved in making an
integrated circuit goes into its wir-
ing and packaging.

Decal devices transfer to glass

RCA’s Dr. Nikolaus Wolff and
his colleagues are putting soft sold-
er bumps on the bond pads of chips
made by an extremely interesting
process. Like the beam lead, their
chips are packaged while the wafer
is still intact, and the silicon islands
that contain the devices are isolated
by air from one another. But in-
stead of using thick leads for struc-
tural support, the RCA process
uses a thick layer of glass (see Fig.
4).

The silicon devices are trans-
ferred to the glass just a decal is
transferred to a window pane. Be-
cause of this resemblance, the scien-
tists at RCA call it the decal proc-
ess. Unlike the beam-leaded circuits,
the chips made by the deca process
must be mechanically separated by
scribing or sawing.
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3. The beam leads are tough. When they were tested in a centrifuge to 300,-
000 G, the substrate on which they were mounted broke, but the beam-lead
circuits held the pieces of ceramic together.

TUNGSTEN

N

/ GLASS //'/ // /// s

S R i = T FEIS X %

/COPPER/ COPPER/
A

CIRCUIT BOARD

g T e e

4. The silicon devices float like little islands on the glass layer that holds
them together. Bumps of solder adhere to the nickel-plated tungsten bonding
pads. The RCA decal circuit goes right onto a circuit board.
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The decal circuits use a tungsten
interconnection pattern. Though
the scientists will not say how they
managed to deposit it on the wafer,
tungsten was substituted for the
more usual aluminum because it can
withstand the 700°C temperature
required to melt the glass at the
wafer’s surface.

Though tungsten will not accept
solder, the bonding pads can be
plated with nickel, which does ac-
cept solder. With bumps of solder
on its pads, the chip can be ultra-
sonically bonded to a pattern of any
metal to which solder will adhere.

Other manufacturers have made
transistors and integrated circuits
with bonding-pad bumps but with-
out these exotic packages. Hughes
Aircraft has pioneered the ultra-
sonically bonded aluminum-bump
flip-chip. And Sperry has put solder
bumps on conventional chips.

The tiny circuits made by Bell
Labs and RCA raise one problem :
How will their users handle and in-
stall them? Lepselter has an idea.

“We’ll make them in strings that
contain maybe a hundred integrated
circuits in a row,” he says. “Then
they can be dispensed in a little
holder—or even automatically in-
stalled by a machine that welds one
in place and then tears it off.”

It is easy to see that all of the
wireless packages lend themselves
to semiautomatic, or even automat-
ic, installation. The bond pads and
the beam leads are located photo-
graphically. So the leads of circuits
made with the same set of masks
are always formed in precisely the
same position. The Fairchild ma-
chine depends on its operator only
for optical alignment of the chip be-
cause the bond pads match the
photoetched conductor pattern on
the substrate. It would take a huge
volume of a particular circuit to
justify the development of an auto-
matic machine that could assemble
it to a substrate. But the Bell Sys-
tem is faced with just such a de-
mand. When push buttons start to
replace the trusty old dial, each
phone will have an integrated, mul-
ti-tone oscillator. It will be a beam
lead circuit. And Bell is hoping to
automatically attach it to its sub-
strate.

Many ways will undoubtedly be
found to install the new generation
of microcircuits. And no one will
wonder where the wires went! = =
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Skeletal arrays will use computer to fill gaps

Air Force antenna units will have fewer elements
than conventional designs, with no resolution loss

Neil Sclater
East Coast Editor

Antenna arrays can be costly,
complicated structures. But two ar-
rays being built by the U. S. Air
Force promise not only to cut costs
and the elements in such installa-
tions but also to do so without loss
in meaningful data.

A digital computer will fill in the
data that the extra antenna ele-
ments would have supplied. It will
construct the missing data from
fundamental information furnished
by the skeletal arrays.

A team of scientists under Dr.
Allen C. Schell at the Air Force
Cambridge Research Laboratories,
Bedford, Mass., designed one sys-
tem to receive at the quasioptical
wavelength of 2 mm (140 GHz). It
has four receiving elements but is
intended to perform as well as a
seven-element array. The other sys-
tem will operate at 6.5 MHz. It has
103 receiving elements but is to
give performance equal to that of a
1000-element array.

The 2-mm-wavelength array is a

MOUNTING
RAME

FOUR
PARABOLIC
REFLECTORS
(4 FOOT DIA)

POSITIONING
MECHANISM

PIVOT BAR

linear grouping of parabolic receiv-
ing dishes in a protective shelter.
The 6.5-MHz array is a large, circu-
lar grouping of dipoles set on poles.
But a design concept links both of
these antenna groupings: arrays
can be built at any frequency with
far fewer than the conventional
number of receiving elements if a
data-processing method is used to
reconstruct the missing informa-
tion from what is available.

Dr. Schell designed his antennas
in frequency ranges that are almost
at opposite ends of the radio-fre-
quency spectrum to meet the re-
quirements of Air Force aerospace
physicists.

Tiltable mount used

The four parabolic dishes for the
millimeter-band receiver are being
mounted on a tiltable steel frame,
28 feet long. This frame is set on a
heavy, vibration-free concrete foot-
ing set deep in the ground.

The dominant feature of the ar-
ray is the spacing of the parabolic
dishes. There are spaces for seven

CONTROLLED
SHELTER

REINFORCED
CONCRET!

P oENOTES MISSING REFLECTORS

Skeletal antenna array that will receive signals at 140 GHz will use four dishes
to furnish as much data as seven. A computer will restore the missing data.
The array, in a van-sized, weatherproof housing, will monitor solar activity.
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dishes, but only the first, second,
fifth and seventh have dishes.

This, according to Dr. Schell, is
where the computer comes in. With
a special program, it can fill in the
gaps, using data obtained from the
elements that are present.

“The computer now becomes an
integral part of the receiver,” Dr.
Schell says, “and in addition, its use
permits a saving of cost while keep-
ing the system less complicated.

“With this concept the computer
now becomes the true observer, for
we have eliminated the man on the
oscilloscope along with redundant,
costly elements.”

The reception pattern of the line-
ar array will be a narrow fan, one
minute of arc wide and seven min-
utes high. Gain has been calculated
at 68 dB, and the complete array
can be scanned through an angle of
90° about the vertical in the north-
south plane.

The 2-mm wavelength was se-
lected because experiments have
shown that the band between about
130 and 150 GHz is a “window,”
less susceptible to atmospheric wa-
ter-vapor attenuation than neigh-
boring regions. The selected wave-
length is approximately centered in
this region.

The receiver will be used primar-
ily for radio astronomy, in particu-
lar, to monitor sunspot and solar
radiation activity. For these inves-
tigations, the antenna-array frame
will be tilted, so that the narrow
receiving band can monitor the en-
tire visible surface of the sun. The
moon will be used as a calibration
source. Both sun and moon subtend
approximately 30 minutes of arc.

A sensitive, double-channel, sta-
bilized radiometer will be used for
the radio-source measurements. The
four dishes will be fed by a beam
structure that includes feed horns,
mirrors and quartz lenses. Power
division and phasing will be provid-
ed for each element. Control over
each reflector will be obtained by
changing the geometry of the lenses
and mirrors, thus varying the
modes of the waves within each
beam waveguide.
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Protected from weather

The entire antenna array is being
housed in a van-sized shelter, to
protect the beam waveguide from
wide temperature variations. The
dish reflectors will receive their
signals through styrofoam windows
that can be protected by sliding
covers during rain or snow.

Since the scientists are not con-
cerned with real-time operation but
only with angular data, the output
from the antenna array will be
recorded on chart paper, both for
data reduction and for enhancement
of the receiving pattern. This work
will be done at a computer placed a
distance from the array.

The output from the antenna
data recorder will be a tempera-
ture-analog plot. Energy at the 2-
mm wavelength will be shown ver-
tically, and angular information
will be on the base line. Even with-
out processing, the raw data will
have meaning for the scientists, be-
cause successive records in the same
format can be compared. However,
for enhancement, the data will be
converted to a digital format, which
will be fed into the computer.

The computer program will re-
construct the data, adding the miss-
ing information derived from the
raw data. The output of the com-
puter will then be converted back
again to a complete analog picture.

Ring of poles set up

In the second array, under con-
struction at Sudbury, Mass., a ring
of tall poles, 2040 feet in diameter,
has been set in marshland to sup-
port the dipoles of a radio telescope.
The poles are being fitted with 103
half-wavelength dipoles that will be
the receiving elements for the 5-to-
7.5-MHz receiver.

According to Dr. Schell, the an-
tenna will have the same resolving-
ability as 1000 dipoles. He says
that, although the design is more
complex than that for the millime-
ter-wave antenna array, it is based
on the same concept of omitting re-
dundant dipoles and restoring data
with a computer. In this case,
though, one must think in two di-
mensions, the scientist says.

The array has been laid out with
quadrature symmetry. Since it is to
be used as a radio telescope, the
symmetry has been set out along an
east-west, north-south set of axes.
The dipoles, which are strung near

basic measuring tools from

HEWLETT
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hp 34394 Plug-in Digital Voltmeter

versatile, 4-digit DVM—for only $950 plus plug-in

accuracy better than +=0.05% of reading =1 digit, =15°C to =40°C
with line voltage variation of =10%

5% overranging, high ac rejection (30 db at 60 Hz)
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economical bench instrument with awide
range of uses. The basic instrument,
priced at $950, offers high accuracy, dc
isolation, speed (readings in a fraction
of a second), ac rejection, economy, re-
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ment ranges 100 mv to 1000 v full scale,
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NEWS
(Skeletal arrays, continued)

the tops of the circular forest of
poles, are aligned north and south.

As in the millimeter-wavelength
antenna array, the output of the an-
tenna will be recorded on chart pa-
per as a plot of incident energy vs
angular position. There will be no
scanning or nodding of this anten-
na, however. It will wait passively
for the earth’s rotation to bring sky
areas under study to the three-de-
gree conical receiving beam.

Reconstruction of the data to ac-
count for the missing elements will
take place at the Cambridge Re-
search Laboratories’ digital com-
puter, several miles away.

Signals to pierce ionosphere

The Air Force scientists selected
6 MHz because of the ability of sig-
nals at this frequency to penetrate
the earth’s ionosphere. Dr. Schell
says that the frequency is at about
the lower limit of those able to pass
through the ionosphere barrier
without reflection. Most observa-
tions will be made at night, when
reception conditions are better
than in the daytime and there is
less interference from adjacent
bands.

The scan angle of the antenna ar-
ray can be changed by making indi-
vidual adjustments at each of the
103 dipoles. Peter Franchi, an Air
Force engineer responsible for the
details in the design, estimates that
this operation will require about an
hour. The adjustments will be cal-
culated by a computer, and techni-
cians will make them in a control
shelter that is located on the
ground at the center of the circu-
lar array.

Air Force space physicists will
conduct the first test on this anten-
na next month.

While the Air Force is financing
the development of the two proto-
type antenna arrays purely for
scientific purposes, it is mindful of
the application of the concept to
various types of airborne and
ground radar systems. Dr. Schell
says that digital computers can be
programed to synthesize data as
well as to form and switch antenna
beams virtually in real time. This
means that economies in size,
weight and cost can be achieved
without loss in resolving power.”
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A portion of the 6.5-MHz antenna array being built by the Air Force at {udbury,
Mass., looks like this. The complete radio-astronomy array consists of 103 di-
poles mounted on supporting poles. The poles are positioned in a circle with a
diameter of 2040 feet. With the help of a computer, the 103 dipoles will have
a resolution comparable to that of an array of 1000 dipoles.

In its simplest form, the design
concept of the skeletal antenna
can be compared to a problem in
simple geometry:

What is the minimum number of

piece of wood more than six inch-
es long to permit it to be used to
measure all increments from one
to six inches?

The answer is four marks, posi-
tioned as shown in the diagram
below. These four marks can do
the work of ' seven.

The first graduation is at the

<—THREE INCHES

FOUR INCHES

e——————FIVE INCHES —————

[¢&———— SIX INCHES ——————>]

A case of 4 equals 7 on a 6-inch ruler

marks that must be made on a

origin, the second at the one-inch
distance, the third at four inches
and the fourth at six inches. Using
these four graduations, one can
make all measurements from one
to six inches, as shown.

To use the rule effectively, one
must know the reasoning behind
the marking and apply it. In an
analogous manner, a computer
can be used to construct the data
that would have been obtained
from missing antenna elements,
provided the program is written to
permit it to make use of the mini-
mal information available.

Dr. Schell says his design con-
cept is based on a branch of math-
ematics known as integral num-
bers theory. The application of
this theory to antennas was first
proposed by the French astrono-
mer J. Arsac in 1955.

According to Dr. Schell, the
theory can be applied to all types
of phased-array systems, in-
cluding those for aircraft and an-
timissile radar applications.

A scientist, Dr. Ronald Brace-
well at Stanford University, Palo
Alto, Calif., is also working on
antennas with missing elements.
His designs, like Dr. Schell’s, depend
on data processing to reconstruct
missing information.

A linear X-band antenna for ra-

dio astromony is being constructed
at Stanford under the sponsorship
of the Air Force Office of Scientific
Research. The array, which will re-
ceive at 10 GHz, has five parabolic
dishes, each 60 feet in diameter. It
is said to be capable of a resolution
equivalent to 10 dishes. = =
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SCR SERIES POWER SUPPLIES

Brand new design and a new concept and production of
proprietary electronic filtering, all in the SCR from the
oldest sole-manufacturer of power supplies, guarantees
quality, highest performance and lowest cost.

Voltage Current . |voltage Regulation
I No.

Motel e Range Range Line or Load
SCR 10-1000 0to 10 0 to 1000 | 0.1% or 5MV
SCR 10-500 0 to 10 0. to: “500" 1-0.1%: or 5MV
SCR 10-250 0 to 10 0 to 250 | 0.1% or 5MV
SCR 20-500 Oto 20 [ O to 500 | 0.1% or 10MV
SCR 20-250 Oto 20 | O to 250 | 0.1% or 10MV
SCR 20-125 0 to 20 0 to 125 | 0.1% or 10MV
SCR 40-250 0 to 40 0O to 250 | 0.1% or 20MV
SCR 40-125 0 to 40 0to 125 | 0.1% or 20MV
SCR 40-60 0 to 40 0 to 60 | 0.1% or_20MV
SCR 120-80 0 to 120 0 to 80 | 0.1% or 60MV
SCR 120-40 O0to 120 | O to 40 | 0.1% or 60MV
SCR 120-20 0 to 120 0 to 20 | 0.1% or _60MV
SCR 160-60 Oto 160 | O to 60 | 0.1% or 80MV
SCR 160-30 0 to 160 0 to 30 | 0.1% or 80MV
SCR 160-15 0 to 160 0 to 15 | 0.1% or 80MV
SCR 500-20 Oto 500 { Oto 20 | 0.1% or 250MV
SCR 500-10 0 to 500 | O to 10 | 0.1% or 250MV
SCR 500-5 0 to 500 0 to 5 | 0.1% or 250MV

RoOwAN

RMS Ripple: 10MV

Transient Resp: to within 2% in 50 M/S

Write for more information.

THE ROWAN CONTROLLER COVIPANY

OCEANPORT, N. J. 07757
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NEWS

‘Fly’s-eye’ lens array snaps hologram images in natural light

A “fly’s-eye” lens installed in a
camera is permitting scientists to
photograph hologram images in na-
tural white light outside the labora-
tory. Heretofore all recording of
holograms was performed in the
laboratory with coherent light from
a laser.

The surface of the lens, rather
like a fly’s eye, is covered with hun-
dreds of minute, densely packed,
spherical glass lenses, each capable
of photographing an independent
image. This array records the holo-
gram image. A second step is then
required in the laboratory to com-

plete the formation of the hologram.

Scientists at the International
Business Machines Corp., Yorktown
Heights, N. Y., devised the fly's eye
technique. They say the quality of
the hologram is nearly as good as
that obtained with the more con-
ventional Fresnel laser-illumination
method and could be adapted for
amateur photography in the future.

Each spherical lens in the array
forms an individual image from a
lightly different angle—a require-
ment for all hologram formation.
The minute lenses sample and re-
cord both the intensity of light and

Each lens of a glass ‘‘fly’s-eye’ produces an image on film as the first step
in making holograms with ordinary white light. In the second step, laser light,
shining through both the film and another lens, is combined with light from
a reference laser beam to form the hologram.

the curvature and direction of light
waves, coming from every point on
the object being photographed.

The picture taken is then con-
verted to a Fresnel hologram in a
laboratory, with the aid of a laser
and conventional holographic appa-
ratus, which includes mirrors and
beam splitters.

To take a picture of an object
with the fly's-eye lens, a photo-
graphic plate is placed behind the
lens. The curvatures of individual
light wavefronts coming from the
object and the absolute positions of
the wavefronts are recorded in code.

The coded film is developed in the
laboratory as a photographic posi-
tive and replaced in its original posi-
tion behind another, identical fly’s-
eye lens array. It is illuminated
with both a direct and a reference
laser beam, and a three-dimensional
image of the object is formed.

Any hologram records all the in-
formation in light waves, whereas
ordinary photographs record only
the intensity of light from various
points in a scene. A holographic
image is truly three-dimensional, in
that a viewer can ‘“see around” ob-
jects in the foreground by moving
his head, just as if he were looking
at the original scene. m =

Nuclear-powered relay-satellites station proved feasible

Nuclear-powered orbiting anten-
nas may serve as two-way commun-
ication relays for probes to the
planet Jupiter in the next decade,
according to a recent NASA study.

The use of orbiting relay stations
is considered one solution to the
problem of reducing spacecraft
transmitter power requirements for
deep space probes. In addition; the
relay would hold down the number
of ground stations needed.

The unmanned station would be
placed in a slightly modified polar
orbit at 500 to 750 miles above the
earth. It would permit line-of-sight
communication with a spacecraft
as far away as Jupiter. One relay
satellite would be used for each
space mission.

A ground station would transmit
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to the orbiting antenna, using the
conventional S-band or L-band fre-
quencies, and the signals would be
retransmitted to the spacecraft at
more efficient frequencies, possibly
as high as 100 MHz.

The feasibility of such antenna
satellites was established in a study
for NASA’s Ames Research Cen-
ter by the Space General Div. of
the Aero-jet-General Corp., EI
Monte, Calif. A petal-leaf design
would allow the satellite to unfold
from an 18-foot-diameter to one of
30 feet.

Nuclear power would be provided
by three canister-shaped, radioiso-
tope thermoelectric generators, 5
feet in diameter and 5 feet long.
They would provide several thous-
and watts of electric power. m =

Orbiting antenna would use a nuclear
power supply. The three drums would

house radioisotope thermoelectric
generators. Such a satellite relay
station could help reduce spacecraft
power requirements for deep space
probes.
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semi-automatic
integrated circuit analyzer
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COMPUTER TEST
CORPORATION

Now the integrated circuit user can get all the flexibility and performance of an expensive, large
scale IC test system in an accurate and reliable DC bench top analyzer.

The new MICA-150 Modular Integrated Circuit Analyzer tests all
IC configurations of up to 40 pins with unique programming, fast
pushbutton sequencing and built-in DVM readout.

Fast, Versatile Programming Two independent 10x40 crossbar
switches and rapid pushbutton sequencing provide up to 40 tests
on a single device without re-programming. For example, it's now
quick and easy to check a 10 pin device using four completely
different test programs without resetting any switches to advance
the test from pin-to-pin or program-to-program. Additional flexi-
bility allows the built-in DVM to measure current on one pin of
the device and voltage on another—all pre-programmed.

Universal Test Adapters Through use of universal test adapters,
the MICA-150 is designed to check ICs according to the number
of pins of a particular package, not device or circuit type. Adap-
ters are available for diode, transistor, TO-5, flat-pack, dual in-
line and other package configurations, and can also be provided
for Kelvin connections.

Accurate Digital Readout Specificaliy designed for the MICA-150
analyzer, the built-in Digital Volt/Ammeter has a conservatively
rated readout accuracy of 0.1% with a four digit display. Other
features include automatic ranging and polarity selection, self-
calibration, automatic voltage or current readout selection. Meas-
ures currents as low as 1 nanoamp, voltages to 1 mv.

Modular Design Modular construction allows users to select an
economical, customized tester without obsolescence problems.
Maximum capacity of eight function generators permits later ex-
pansion, including modules for AC and pulse testing, without
additional modifications.

Variable Soak Time Marginal device operation can be easily
detected through use of an adjustable test time control
which provides a period for thermal stabilization prior to
measurement. A continuous position on the control allows
parameters to be varied while observing results.

Precision, Wide Range Power Supplies Highly precise sup-
plies utilize multi-turn calibrated potentiometer controls with
high resolution and repeatability. Constant current supplies
are continuously variable from 0-100 ma with voltage com-
pliance adjustable to 100v. Constant voltage supplies are
variable from 0-100v with automatic current limiting to 100
ma to provide device protection.

7~ "QUICK ACTION REPLY™ ™™\
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Only

Honeywell Offers
A Family of
Compatible

High Speed*

I/C Core Memories

*ICM-47: 750 nsec
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n-STORE ICM core memories are
fast, reliable, and able to store
more words in less space than
any other core memories on the
market. They are field-proven
and in high volume production

. . yet offer a flexible design
which meets a wide range of
system requirements.

ICM-47 — 750 nanoseconds full
cycle time; capacities from 4K to
32K words in a single 5" high
module (like the one shown
below). ICM-40 — 1 microsecond
full cycle time; capacities from
4K to 32K words. In addition,
multiple module capability allows
ICM's to be expanded to larger
capacities. Both models feature
high noise protection, data reten-
tion in case of power failure and
maximum use of integrated cir-
cuits to achieve high reliability.
In brief, you'll find the ICM-40
and ICM-47 designed to perform

Honeywell

@ COMPUTER CONTROL DIVISION

ON READER-SERVICE CARD CIRCLE 21

comfortably in a wide variety of
operating environments and to
fit easily into almost any system
requirement.

Because ICM's come from Hon-
eywell, Computer Control Divi-
sion, you know they're backed
by more than eight years' experi-
ence in the design and production
of standard core memories . . .
and by some pretty intensive
special purpose memory systems
experience as well. Add to this
our |/C capabilities, logic module
capabilities, and digital computer
capabilities, and you can be sure
of dependable support in solving
your core memory applications
and systems design problems.

Write today! Ask for our u.-STORE
summary brochure. Honeywell,
Computer Control Division, Old
Connecticut Path, Framingham,
Massachusetts 01701.
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The focus on missiles remains sharp
—

Electronics shares warily in '68 budget

In some respects the United States Government
budget for fiscal 1968 gives engineering
industry observers the warm feeling that it was
drafted in a kind of electronics rose garden.
There are these key provisions for spending on
electronics:

= A start toward an unmanned Voyager
landing on Mars.

m Increased activity in civilian and military
manned space laboratory programs.

= Continued heavy emphasis on
communications and special equipment for
limited warfare.

= Further development of antisubmarine
warfare equipment.

m A challenging drive to upgrade missile
penetration aids.

= Further research on the use of computers
in the classroom.

= Plans by the Presidential Science Adviser,
Donald Hornig, to automate scientific
information systems.

Setbacks due in some areas

But along with these roses there are some
thorns:

= Few new ideas from NASA. Much of the
space agency’s small increase in funds over last
year will go to take over programs that the
military has been running.

= A slowdown in development of the Atomic
Energy Commission’s 200-GeV accelerator.
After much ballyhoo over the choice of a site
(Weston, Ill., was finally picked), the facts are
that the accelerator will take longer to build
than promised and will not be capable of
operation under the 1968 budget.

® Indecision over the supersonic transport.
Any funds that might materialize later in the
yvear to support development of the SST will
have to come from President Johnson’s general
“contingency fund.” The Presidential Science
Adviser concedes that a decision on how far to
proceed with the aircraft “will have to be made
by spring, or the program will run out of gas
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and the contractors will have to start
dismantling.”

S. DAVID PURSGLOVE,
WASHINGTON EDITOR

Hedging is apparent on R&D

In general, Government spending for research
is up about 5 or 6 per cent. With allowance for
the annual cost increase factor, the net gain for
research—mostly small programs—is about 3
per cent. But development—involving mostly
larger and more advanced programs—is down
slightly.

As usual, the Defense Dept. and NASA account
for the major share of the R&D spending. But
other agencies are bidding for attention. The
Post Office Dept., for example, has increased its
“research and engineering” on systems that
rely heavily on electronics from $7 million five
years ago to $23 million in fiscal 1968. And
these areas with more money to spend in the
new budget will look to electronics, too:
pollution control; education research; mass
transportation systems; weather data and
weather modification; laser tunneling and
excavation techniques; crime control; computer
simulation of urban problems.

Manned Orbiting Lab gets increase

A surprise in the budget is the increase in
military astronautics, mostly for the Air
Force’s Manned Orbiting Laboratory (MOL).
For the second consecutive year, military
astronautics is above the $1-billion mark, rising
to $1,061,135,000. The Army and Navy will
receive only token allotments, but the Air Force
jumps from $983.47 million to $1.03 billion in
this category. Besides the MOL, work on Titan
III is scheduled to pick up. Many observers are
fearful, though, that the allocation for the
MOL, in particular, may be cut back later by
appropriations committees and shunted to
other military fields.

Increases are also listed for antisubmarine
warfare and new missile penetration aids. The
military’s science program, on the other hand,

29



Washington
nenorl CONTINUED

is marked down for a cut—from $614.9 million
in fiscal 1967 to $611 million in the new budget.
Much of the research at the Naval Research
Laboratory, the Air Force Cambridge Research
Laboratory and the Rand Corp. comes from this
Pentagon budget category.

One of the largest military categories in recent
years—aircraft and related equipment—is
headed for a slight fall. It drops from nearly
$1.3 billion to just over $1 billion. But despite
this, work will continue on several versions of
the F-111 and on competitive designs for a
possible advanced manned strategic bomber.

Missiles and related equipment—another
glamour category—will continue upward. A
shakeout in planning is under way, with some
programs reaching their expiration and others,
like Poseidon, Minuteman III and penetration
aids, soaring toward their zenith. Work is
expected to advance at the various test ranges.

Ships and small-craft military expenditures
will go up a bit, but the reward for electronic
designers should be more than slight. All the
increase is earmarked for electronics-oriented
programs: ship and submarine sonars,
navigation systems, command and control
equipment. Antisubmarine warfare
communications and systems for river warfare
boats have two of the highest priorities. Work
will pick up considerably at the Naval
Electronics Laboratory.

For procurement of equipment already
operational, the Army’s spending for
communications and electronics products will
jump from $295.5 million to $540 million.
Purchases will be made largely for limited
warfare operations, especially to press the war
in Vietnam. The Army will spend heavily to
maintain command control over widely
dispersed forces and weapons systems.

NASA absorbs some military costs

The National Aeronautics and Space
Administration budget is not quite as large as it
looks. Funds and projects were transferred
from the Defense Dept. to make the huge
military budget appear smaller than it is. For
instance, NASA is taking over the operation
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and maintenance of the hypersonic X-15 at a
cost of $8 million a year, reducing the Air Force
budget by that amount. NASA’s small
aeronautics budget has nearly doubled, in large
measure because of a substantial jump in funds
for vertical and short take-off and landing
(V/STOL) aircraft. But the fine print shows
that $7.1 million will be spent by NASA largely
for the Pentagon—to evaluate new military
V/STOL configurations.

Major aerospace companies that would be
prime contractors for any major manned post-
Apollo program have expressed some
disappointment at NASA’s plans. A White
House technology speeialist, asked about this
program, said : “The funds requested and that
we plan to request in the next few years will
just about match the decline in R&D and
procurement funding in the Apollo program
itself.” There will, however, be an allocation for
work on the Voyager spacecraft for Mars.

Full-scale development of the Voyager system
for unmanned exploration of the nearer
planets, Mars and Venus, is scheduled to begin
in 1968. Funds have also been allocated to
begin development of the Mariner spacecraft
that will take measurements of the Martian
atmosphere in 1971, two years before the first
Voyager mission is expected to take place.
Finally, the budget allows for further work

in the field of weather prediction using
applications technology Satellites and Nimbus
weather observatories.

The Atomic Energy’s Commission’s planned
200-GeV accelerator is shaping up as a major
disappointment. For several years physicists
have been hearing that the accelerator would
have a proton flux intensity of 10'3; that it
would cost $288 million; that it would have a
$30 million bubble chamber (which is necessary
before any actual physics can be performed),
and that work on the whole installation would
get under way next year.

The AEC has doused the program with ice
water. It has announced that Vietnam budget
pressures have cut the accelerator’s intensity to
10'2; that no bubble chamber funds at all are
included in the 1968 budget request, and that
instead of starting to build the entire
installation next year, it will start to put up a
$240 million facility that, according to a senior
official, will be but the plant for an “eventual”
accelerator. Asked whether there was not a risk
that the accelerator might turn out to be the
biggest white elephant that the science world
has yet seen, the AEC official replied bluntly:
KlYes.,’
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integrating DVM
still offers better
performance than

any other
of its Kind.

m 2401C INTEGRATING DIGITAL VOLTMETER
NEWLETT - PACKARD
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Measure low-level signals even in the presence of
extreme noise with Hewlett-Packard’s 2401C Inte-
grating Digital Voltmeter. It has a floating and
guarded input for minimizing the effects of common
mode noise; and integration averages out all noise
superimposed on the signal.

But the 2401 DVM could do that when it was first
introduced. Since then there have been two new
models and many additional features to keep the 2401
the industry’s most useful bench and system DVM.

Here’s why :

S ranges, 100 mV, 1 V and the 3 usuals; 300% over-
ranging on the 4 most sensitive ranges, 6th digit for
overrange display; integration through zero; full pro-
grammability; BCD output for systems use; indepen-
dent internal calibrate source stable to 0.006% /6
mo.; 300 kHz frequency counting ability; optional
autoranger with 34 msec maximum change time.

If this isn’t enough, a full repertoire of options and
compatible systems instruments is available to satisfy
your measurement needs.

Price : still $3950.

Call your local Hewlett-Packard field engineer or write
direct to Dymec Division of Hewlett-Packard, 395
Page Mill Rd., Palo Alto, California 94306, Tel. (415)
326-1755; Europe: 54 Route des Acacias, Geneva.

HEWLETT -

PACKARD hp, DYMEC
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NEWS

Infrared unit spots circuit production flaws

Automatic scanner compares thermal patterns
of modules with those on a master check tape

Heat profiles given off by produc-
tion-line electronic circuits as they
pass under an infrared scanner are
being analyzed automatically to
judge the quality of the circuits.

The pattern of each production
circuit is compared with profiles
from a unit of a known quality, to
determine if the production unit
should be accepted or rejected.

The thermal, nondestructive test
system, under study for a couple of
years by the Raytheon Co. Equip-
ment Div. at Wayland, Mass., has
been installed in the company’s
communication and data-processing
plant at North Deighton, Mass.

Circuit-module boards containing
hundreds of components are placed
in trays on a circular table. The
table rotates like a “lazy Susan”
beneath the high-resolution scanner.

Before the check begins, the pro-
duction operator inserts in the test
system a mylar tape that contains
master data encoded in a digital

format. The tape contains up to 128
profiles of the standard module,
classified by number. Each number
represents conditions, ranging from
a perfect match to a variety of er-
rors on the module.

As the detector scans a circuit
board, the output signal is convert-
ed to a digital format and stored in
a magnetic-core memory. The full
scanning action takes 45 seconds.
Then a 55-second comparison-and-
classification stage begins.

The memory is compared with
the master check tape, and a code
number is displayed on the equip-
ment panel. If the number is zero,
the module has passed the test and
can be sent on for assembly. If an-
other number turns up, the module
is marked with it and shunted to a
repair area. The number gives the
repair technician a clue to the loca-
tion and nature of the flaw. After
repair, the module is again passed
through the detector process to

Infrared scanner detects any flaws in circuit production at Raytheon plant.
Heat profiles of modules are compared with a standard as units rotate beneath
the scanner on a ‘‘lazy Susan.” Operator punches in circuit identification.
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confirm that it is in good order.

The infrared scanner test differs
from other production checks, ac-
cording to Dr. Ricecardo Vanzetti,
manager of infrared techniques and
systems in Raytheon’s Equipment
Div.

“Conventional production tests,”
he says, “are based on electrical
measurements taken at pre selected
points, whereas the infrared com-
parison test actually measures the
entire circuit and every compo-
nent.”

Dr. Vanzetti says that frequently
a substandard intermediate stage in
the circuit can go undetected with
conventional tests, because the
checkpoints may be screening the
stage beyond.

Experience at the Raytheon
plant, he says, indicates that the in-
frared detector picks out flaws in
about 3 per cent of the modules that
have passed all conventional elec-
trical tests.

The scanner detects three basic
faults in circuit boards that may
cause early failure, Dr. Vanzetti
says. They are:

® Installation of components
with the wrong performance val-
ues, such as the ratings for power,
gain and capacity.

® Poor mechanical connections to
heat sinks.

® Reverse wiring of components
or wiring to the wrong terminals.

The detector in Raytheon’s sys-
tem is made of mercury-doped ger-
manium, selected because its char-
acteristics match the range of heat
expected from electronic modules
and components. The detection re-
gion peaks at about nine microns,
or roughly 85°F.

The detector is positioned so that
it receives thermal energy from a
scanning mirror system. This sys-
tem scans the nine square inches of
the module tray at the rate of four
lines a second. The area of resolu-
tion is said to be one-half-square
millimeter, or a spot of approxi-
mately 0.02 inch.

The Raytheon system is a proto-
type and is not being offered for
commercial sale at present. = =

ON READER-SERVICE CARD CIRCLE 300 thru 306 »



Integrated
Gircuit

SYLVANIA

Electronic Components Group

Build binary counters
with fast (to 50 MHz) J-Ks
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Sylvania’s 50MHz J-K

Whether it's ripple or synchronous binary
counting, Sylvania has the right J-K flip-flop.
Ten types (single and dual) go to 50 MHz.

Flexibility provides the optimum design!
That’s the best description of how the
wide range of J-K flip-flops available from
Sylvania can solve your binary counting
problems. Here’s how two techniques, rip-
ple and synchronous counting, can be im-
plemented with Sylvania’s J-Ks to get
rates of 5.5, 7.5, 14, 15, 18, 25, 38 MHz in
a binary counter.

Ripple type binary counters are sequen-
tial in nature: the designated clock pulse
drives the first stage flip-flop with each
subsequent stage being driven in turn by
the preceding flip-flop. As seen in Figure
1, at the 8th clock pulse, the 4th flip-flop
settles at a time t, + t, + t3 +t, after the
initial clock pulse. Also note, it is possible
that the 4th stage flip-flop might not be
settled before clock pulse #9 occurs.

The speed of a ripple counter, however,
is limited because decoding can’t begin
until the last flip-flop in the counter has
settled down. As a result, the maximum

frequency is: 1

clockwidth + t, + 4, + &, + &,

For Figurel, SUHL J-K flip-flops would
be capable of the following typical de-
coding rates:

1

SF-50 (20MHz) = m = 5.5MHz

SF-250 (30MHz) = m = 7.5MHz

1
SF-200 (50MHz) = m = 15MHz

(Continued on next page)

This issue in capsule

SUHLI &I
The largest high-level TTL line on the
market: 41 functions, 164 types.

Full adders

With 8 adders and 9 SUHL units you
can build an 8-stage parallel add/sub-
tract subsystem using ripple carry.

Wideband amplifiers
100 MHz linear devices for video and
pulse applications.

IC reliability
How Sylvania makes certain that prod-
uct quality levels are maintained.

Functional arrays
Monolithic digital devices that reduce
power, delays, and connections.
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The semi-ripple counter in Figure 2 shows how
SUHL SF-110 and 130 series dual J-K flip-flops can
be used to obtain even higher decoding rates:

K 1
SF-110, 130 = {15, 5 @bits X 14ns/2)]

High-speed applications invariably call for syn-
chronous binary counters. In a synchronous counter
each flip-flop is triggered simultaneously and is driven
separately by the clock. Therefore, all the counter’s
outputs occur simultaneously. This type counter must
be designed so that each flip-flop is properly set ahead
of clock time in order that the proper output appears
when triggered by the clock. Therefore, each flip-flop
must have a gate stage at its input end to set the flip-
flop for triggering.

Figure 3 shows a four-bit synchronous binary
counter using SUHL flip-flops which have input gate
structures. Each flip-flop has the output of all previ-
ous flip-flops fed into its J and K terminals. The maxi-
mum time at any clock pulse is t,. All outputs appear
simultaneously and reading or decoding can be per-
formed in t, nanoseconds after the clock trigger.

Maximum frequency is: I, 1
~ (Clock width + t,).

Typical SUHL J-K flip-flops would be capable of :
SF-50 (20MHz) =

= 25MHz

1
(35ns + 37ns) — 14MHz

1
(30ns + 25ns)

SF-200 (50MHz) = m = 38MHz

*SF-250 (30MHz) = = 18MHz

With synchronous counters, the number of inputs
increases as the number of bits increases. For exam-
ple, a 5-bit synchronous counter requires 4 inputs at
the last flip-flop stage and a 10-bit counter requires 9
inputs at the last flip-flop stage.

Figure 4 shows a synchronous counter greater
than 4-bits in length. It is completely synchronous.
Using SUHL J-K flip-flops, this counter can operate

at: SF-50 with SUHL | gates = 11.0 MHz
SF-250 with SUHL Il gates = 13.5 MHz
SF-200 with SUHL 1l gates = 22.0 MHz
*For new designs, the SF-200, SF-210 series are recom-
mended replacements for the SF-250, SF-260 series.

CIRCLE NUMBER 300

100 MHz wideband
amplifiers for video
and puise applications

Sylvania’s high-performance, three-stage, direct-coupled
linear amplifiers have low output, high signal voltage
outputs, and excellent linearity.

While configurations of Sylvania’s SA-20 and SA-21
wideband amplifiers are the same, the SA-20 is for
applications requiring higher signal swing and
tighter performance tolerances. Here’s how you can
use them.

Figure 1 shows the circuit diagram for the SA-20
series amplifier. Negative feedback is applied from
output stage to first stage emitter through the di-
vider consisting of Ry and Rg. Typical voltage gain
of the device is 21 db. An external capacitor con-
nected from the collector to base of Q, provides local
high-frequency feedback. This feedback shapes the
roll-off of gain at high frequencies. Values ranging
from 2.5 to 5.0 pF normally give the most uniform
high-frequency response.

Tests with resistive loads show that a feedback
capacitance (C;) of 3.6 pF gives a voltage gain es-
sentially constant to 50 MHz. Gain is down 8 db at
frequencies approaching 100 MHz. Increasing C, to
6.5 pF reduces the —3 db frequency by 30 to 50 MHz.




Figure 2 shows how the voltage gain varies with fre-
quency.

Amplifier gain can be changed by resistive shunt-
ing of feedback resistors (Figures 8 and 4). It is
necessary to connect a dec blocking capacitor in series
with the external resistor to prevent shifting of the
normal quiescent voltages.

Maximum amplifier gain is realized when all forms
of feedback are removed. This is done by not connect-
ing a feedback capacitor between base and collector
of Q, and by bypassing the emitter resistor of Q;. In
this configuration, the amplifier has a typical voltage

Reliability: engineering
superior circuits
With superior packages

In short, the reliability of integrated circuits depends on
how well the circuit chip is made and how well it is
packaged.

Sylvania’s integrated circuit Quality Assurance and
Reliability Department recently completed evalua-
tion of data compiled on 400 four-input NAND gates
after 10,000 hours of life test (a total of 4 million
component hours). Failure rate was a low 0.009%
per 1,000 hours at 25°C.

The circuits tested were basic SUHL four-input
NAND gates produced throughout 1964 and early
1965. Thus, they do not represent the improved prod-
ucts made since either the completion of Sylvania’s
new facilities, or the introduction of newer inte-
grated circuit processing improvements. The im-
proved devices are now undergoing life tests.

The NAND gates were life tested in the ring
counter configuration. Life test sockets were placed
in an oven where ambient temperature was main-
tained at 125° C. The graph relates failure rates and
confidence limits to temperature.

Sylvania’s in-house life and performance tests are
supplemented by users’ testing programs. A leading
manufacturer of aerospace equipment recently com-
pleted an extensive testing of Sylvania’s TO-85 pack-
aged ICs. The manufacturer performed these key
tests per MIL-STD 750 and 202 on SUHL devices
and their packages: (1) 10-day JAN moisture resist-
ance, (2) Radiflo leak test, (3) Shock, (4) Centri-
fuge, (5) Vibration fatigue, (6) Vibration-variable
frequency (7) Lead fatigue, (8) Lead bending, (9)
Salt atmosphere, (10) Storage life at 150° C, and
(11) Operating life at 125° C. The package passed
these qualification tests which led to the selection of
Sylvania ICs for use in the firm’s equipment.

To insure continued improvement in reliability and
maintain prod-
uctqualitylevels,
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tests insure that

gain of 60 db and a —3 db gain frequency of about
4.5 MHz with an R,, of 1.2K.

Connecting the circuit as shown in Figure 5 gives
bandpass characteristics. Voltage gain at the reson-
ant frequency of L and C, approaches the gain real-
ized in the maximum gain configuration. Capacitor
C, blocks dc and should be large enough to prevent
series resonance with inductor L. A notch character-
istic is obtained when C, is removed and L and C,
are series resonant. Selectivity of bandpass and notch
circuits can be improved by replacing the tuned cir-
cuits with piezoelectric crystals. CIRCLE NUMBER 301

Mechanized wafer-level dc testing

both the actual circuit and the package maintain
their integrity.

Each IC first goes through five cycles of —65° C to
+200° C cycling with a fifteen-minute soak time at
each temperature extreme. A 20,000 G centrifuge
test, while units are in the Y, plane, insures that the
wire bonds are properly connected. Bubble-testing in
150° C glycerine points out leaks which may have re-
sulted from the first two tests or from previous proc-
essing.

Next, units are baked at 300° C for 48 to 60 hours
to stabilize them. Then all circuits must meet worst-
case tests at the temperature extremes guaranteed in
addition to all parameters called for on the Sylvania
data sheet or in the customer’s qualifications. Elec-
trical capability of each IC is tested at 75° C, 125° C,
—55° C and 0° C for dc parameters.

Finally, each unit is tested for all switching char-
acteristics at 25° C. This is done by Sylvania’s fully
automatic test equipment at the rate of one circuit
every two seconds. Only at this point is differentiation
made between military and industrial capability.

This 100% testing program is in addition to exten-
sive tests of random samples from each lot of cir-
cuits. These samples are subjected to electrical, en-
vironmental and life testing. CIRCLE NUMBER 302




SUHL | TYPICAL CHARACTERISTICS (-

SUHLI& I,
the most efficient,
most compiete TTL lines

SUHL ICs are high-level TTL units and more. Designers
get flexibility from a wide variety of functions without
sacrificing performance.

Sylvania’s IC pioneering has led to the highest qual-
ity and most complete lines of high-level TTL ICs in
the industry. With each of 41 separate functions now
available in four different versions (for a total of 164

25°C, 5.0 Volts)

t

Function Type Nos.

SUHL Il TYPICAL CHARACTERISTICS (--25°C,

-5.0 Volts)

*Minimum toggle frequency

**Minimum fan-out

pd

(nsec)

types), SUHL I and II represent the largest high-
level TTL lines on the market.

SUHL units combine propagation delay times as
low as 6 nanoseconds with high noise margin, high
logic swing, high fan-out, low power and high capa-
citance drive capability (see Table).

Advantages of SUHL integrated circuits are not
limited to electrical performance characteristics. Be-
cause Sylvania provides more logic per package, you
can build a computer, or other digital equipment,
with 25% less packages. The savings in system cost
which result from lower package count are not eaten
up in higher initial costs because SUHL units are
competitively priced.

Sylvania’s head start in TTL integrated circuit de-

**Military **Industrial
Noise Immunity (—55°C to +125°C) (0°C to +75°C)
+(volts)— Prime FO Std. FO Prime FO Std. FO

Avg. Power
(mw)

ST ey, e o




Basic NAND/NOR Gate

Basic AND-NOR Gate

SUHL 1l

sign, manufacturing and testing is reflected in the
superior quality of the SUHL lines. Patented active
pull-up networks allow high output logic levels. Use
of smaller device geometries not only gives better
electrical characteristics, but also cuts device cost.
Aluminum to aluminum ultrasonic bonding improves
reliability two ways, better bonds and less heat ap-
plied to the silicon chip. Automatic testing by Syl-
vania’s specially designed Multiple Rapid Automatic
Test Of Monolithic Integrated Circuit (MR.
ATOMIC) equipment insures that the units you get
meet the specification to which they’re bought.Tested
here are all dc parameters at temperature and all
switching parameters at 25° C.

The continuing leadership in TTL innovation and
manufacturing exemplified by the SUHL lines makes
Sylvania the prime source for high-level TTL devices.

CIRCLE NUMBER 303

This is Sylvania’s DTL line

The 930 series of DTL ICs now available from your
Sylvania distributor comes in flat and dual in-line plug-
in versions.

Sylvania’s DTL circuits are a low-power logic family
with high noise immunity and moderate speed capa-
bilities. Operating over a temperature range of —55°
C to +125°C, these units are ideal replacements for
similar units designed into digital systems already
in production. They are electrically interchangeable
and have pin for pin compatibility with other 930
series devices. Prices are competitive with those of
other manufacturers.

Type* Description

$9301/59303 Dual 4-Input Expandable NAND Gate
$9321/59323 Dual 4-Input Expandable Buffer
$9331/S89333 Dual 4-Input Expandable
$9441/59443 Dual 4-Input Expandable Power Gate
$9461/S9463 Quadruple 2-Input NAND Gate

$9621 /59623 Triple 3-Input NAND Gate
§9311/59313 J-K/R-S Flip-Flop

$9451/59453 High Performance J-K/R-S Flip-Flop
$9481/59483 Fast Rise Time J-K/R-S Flip-Flop

*A number ending in “1” indicates the MIL version (—55°C to
+4125°C temperature range); those ending in “3" are industrial
types (0°C to 75°C).

TYPICAL CHARACTERISTICS
Parameter Basic Gate FLIP-FLOP
Supply Voltage 4.5 to 5.5V 4.5 to 5.5V
Temperature Range
Series 9301 —55° to 4-125°C | —55° to +-125°C
Series 9303 0° to +75°C 0° to 4-75°C
Propagation Delay 25 nsec 50 nsec
Power Dissipation at 4.5V
Supply 5 mw 20 mw
Noise Margin 750 mv 750 mv
Input Unit Load
son 1.1*mA 1.1*mA
il 0.50A 0.5pA
Fan-out 8 8
Output Logic Levels
=0 0.3V 0.3V
s 4,65V 4.65V

*V,, = 0V; 0.9 mA V,, = 0.75V

The added plus in this DTL line is the availability
of devices housed in Sylvania’s dual in-line plug-in
package. With this package, designers get an ex-
tremely effective hermetic seal, circular leads with
tapered shoulders, leads which can be flexed close to
the package body, and a package of very small total
volume. CIRCLE NUMBER 304




8-stage paraliel
add/subtract system
uses only 17 ICs

Here's an example of compatible devices—a system us-
ing units from three Sylvania IC families: functional ar-
rays, SUHL | and SUHL II.

An eight-stage parallel add/subtract subsystem us-
ing ripple carry techniques can be made with 17
packages—eight SM-10 series full adders, eight SG-
110 series expandable dual 4-input OR gates, and
one SG-280 series dual 4-input AND/OR gate. The
full adder is one of Sylvania’s family of monolithic
digital functional arrays. The SG-110 and SG-280 are
SUHL family high-level TTL gates.

In the ripple adder con-
figuration shown, control
for the subsystem is rep-
resented by a mechanical
switch. When the switch is
in the SUBTRACT posi-
tion, complement binary ad-
dition is performed. With
the switch in the ADD posi-
tion, straight binary addi-
tion is performed. It is as-
sumed that only positive
numbers will be added or
subtracted, and that the
most significant digit is the
sign (0 = Positive, 1 =
Negative).

The independent three-input NAND gate included
in each SM-10 full adder package provides the com-
plement of the SUM for subsequent operations. This
includes such operations as complementing the an-
swer in subtraction (depending on the sign bit in
the answer). Enabling of the SG-280 AND gate dur-
ing the subtraction process provides end around
carry.

Typical propagation delay times are found by as-
suming that the number to be added or subtracted
(the B inputs) is present in both true and comple-
mented form, and that all A and B inputs are pre-
sented simultaneously. Then propagation delay times
can be calculated with these equations:

Addition
Final Sum = (N-1)t,.carry + t sum + t qgate
where N = Number of adder stages
toqcarry = one carry delay or 15 ns (typ.)
t.mcarry = one sum delay or 25 ns (typ.)
t..gate = propagation delay of SG-110 or 15 ns (typ.)

Subtraction

Final Difference = (N-1)t,qscarry+ t,, + 2 tpdgafe where t .gate
includes the propagation delay through the SG-280 (15 ns, typ.)

Thus, for an 8-stage add/subtract unit:

Final Sum = [(8-1) X (15)] + 25 + 15 = 145 nsec
Final Difference = [(8-1) X (15)] + 25 + (2 X 15) = 160 nsec

Average Power Dissipation for a complete 8-stage
unit is 880 milliwatts.

If a faster subsystem is needed, an eight-stage
anticipated carry adder using SM-20, SM-30 and
SM-40 digital functional array adders can be em-
ployed to replace the SM-10 devices.

CIRCLE NUMBER 305

U TR Parallel Add/Subiract Unit Using One’s Complement.
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These functional arrays
reduce power,
delay, and connections

This line of monolithic digital functional arrays provides
computer and communications system designers with a
powerful design tool.

Sylvania’s line of monolithic digital functional ar-
rays represents a significant advance over conven-
tional integrated circuits. You can get typical com-
puter subsystems such as adders, frequency dividers,
registers, and memories which work at faster speeds,
use less power and need fewer external connections.

For example, in a decade frequency divider with a
frequency range of dc to 30 MHz, power can be re-
duced to one-fourth of that required by conventional

THIS CONNECTION IS BROKEN FOR
INDEPENDENT FAST ADDER (SM 30)

'
THIS CONNECTION MADE FOR SM20 AND SM30 |
NO INPUTS BROUGHT OUT ON SM20 AND souo}

THESE INPUT POINTS
USED FOR SM 20 AND SM'

Fast Adder Family Logic Diagram (SM 10-20-30 Series)




MONOLITHIC DIGITAL FUNCTIONAL ARRAYS VS. CONVENTIONAL ICs

Conventional Integrated Circuits
Typical Number 'E‘q i I'o°= Equivalent
ul uivalen
Computer of Discrete Speed Number of
Subsystems Packages | Components | (nsec) | IC Gates
Basic Single Stage
Fast Adder With 1 73 14
Anticipated Carry
Four Bit Anticipated
Carry Adder 2 5 292 35
Four Bit Ripple
Carty Adder 4 | 264 60
Eight Bit Anticipated
o 12 704 45
Eight Bit Ripple
Caorry Mdol? v 8 528 120
Decade Frequen DC to
Divider 1 1 116 30 mHz
Four Bit Register
(Bus Transfer Output) 1 87 15
Four Bit Register
(Cascode Pullup il 94 15

(A) Based on Average of 15mw per NAND/NOR and Average of 5Smw 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 190mw.
ICs while cutting external connections from 140 to 6.
The table shows other examples —four-bit and eight-
bit fast adders, and four-bit registers.

The functional arrays used in such circuits com-
bine as many as 40 conventional integrated circuit
functions in a single package while providing greater
reliability and less costly system assembly.

The fast adder family of arrays contains the
equivalent of 70 discrete components. Its basic inte-
grated circuit is interconnected by three standard
metal patterns to form the SM-30 single-stage inde-
pendent fast adder, the SM-20 single-stage depend-
ent fast adder, and the SM-10 single-stage full adder.
The independent and dependent fast adders, in con-
junction with the SM-40 carry decoder, can form
parallel anticipated-carry fast-adder subsystems of
any size.

Sylvania’s SM-50 series decade frequency divider
accepts both analog and digital inputs and produces
a symmetrical square wave output. Digital signals
from dc to 30 MHz and analog signals from 5 Hz to
30 MHz can be processed. This frequency divider is a
six-stage circuit with the first a buffer which shapes
the input. The following three stages perform a syn-
chronous division by five. The next divides by two to
complete the decade division. An output buffer in the
final stage provides high ac and dc fan-out.

Four-bit storage registers, Series SM-60 and SM-
70, are used as high-speed storage elements in con- :

(Continued on next page) SM-80 16-bit scratch pad memory
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trol and arithmetic sections of computers. The SM-
60 series has clock input as well as clock output. Fur-
ther, SM-60 output has wired-OR capability which
means outputs can be tied together to perform the
logic OR function. The SM-70 series is similar to the
SM-60 but has a SUHL type output network and is
not clocked with an enable signal. This means infor-
mation set in the device is available at the output
after a delay of 20 nanoseconds.

The SM-80 series 16-bit memory is for high-speed
scratch pad memory systems with cycle times in the
100 nanosecond range. This single chip memory con-
gists of 16 solid-state set/reset flip-flops arranged to
form an addressable four-by-four memory matrix.
This structure permits nondestructive readout of all
16 bits. Reading and writing is through four X and
four Y lines which are brought out to eight external
terminals, one for each line. Read and write control
is by four internal amplifiers. Each flip-flop in the
four-by-four matrix is logically connected to its own
Xy, Yy address combination and to the sense and
write amplifiers.

All these monolithic digital functional arrays are
compatible with SUHL ICs. The arrays are rated for
operation in the temperature ranges up to —55° C to
+125° C and are available in the standard Sylvania
14-lead dual in-line plug-in package and the TO-85
flat pack. CIRCLE NUMBER 306

MARKETING MANAGER'S CORNER

Fifty years of manufacturing electronic components
has taught us that it pays to give our customers what
they want.

Five years ago, when we started our integrated
circuit facility, we polled our customers and, based on
their reaction, initiated design on transistor-trans-
istor logic to meet their need for faster integrated
circuits. When this new line was introduced, some of
our customers asked for buffered outputs to handle
higher capacitive loads. The result was a development

of a line of high-level transistor-transistor logic
which we called SUHL, for Sylvania Universal High-
level Logic.

These high-level TTL circuits were originally
available in a limited number of logic configurations.
However, customers required a wider variety of cir-
cuits to implement their logic designs. Our various
solutions to their requests resulted in our present
SUHL lines ; one operating at 20 megahertz, the other
at 40 megahertz with some 40 different logic configu-
rations available to designers.

The next step was to develop functional arrays such
as storage registers, counters, and adder circuits
which satisfied customer requirements for more logic
per package and for complete interfacing capability
with SUHL circuits.

Our production philosophy was equally customer-
oriented. We met the requirements for a dual in-line
plug-in package with a ceramic/Kovar 14-pin en-
closure using the same construction as was proven
out in the TO-85 flat pack. The dual in-line package
was developed and met customer needs including
stringent military requirements. In conjunction with
such development, Sylvania decided the best way to
produce highly reliable integrated circuits was to
concentrate on a single process. This included a series
of 100% production tests and final 100% testing of all
dc parameters at temperature extremes and ac para-
meters at room temperature.

We did this and now we’re able to state that all our
circuits, regardless of grade, are identical in con-
struction. Any improvements are always immediately
incorporated in the total line. Further, such upgrad-
ing is an intrinsic part of our manufacturing process.
For example, when we added a Kovar base plate to the
flat pack to improve its heat dissipation capabilities,
we made a similar change in our dual in-line plug-in
package.

We intend to continue pursuing this philosophy
which permits us to assure all our customers that our
circuits, regardless of grade, represent the best in
performance and construction available.

Bonisr T

H. M. LUHRS

This information in Sylvania Ideas is furnished
without assuming any obligations.

SYLVANIA

— GLIRE

GENERAL TELEPHONE & ELECTRONICS

NEW CAPABILITIES IN: ELECTRONIC TUBES * SEMICONDUCTORS ® MICROWAVE DEVICES ® SPECIAL COMPONENTS * DISPLAY DEVICES

| am especially interested in ICs for the following application(s)

NAME
TITLE
COMPANY
ADDRESS
CITY. STATE
Circle Numbers Corresponding to Product ltem
300 301 302 303 304 305 306

[ Please have a Sales Engineer call




NEWS

Radio-relay system
can be carried easily

Most Army tactical radio-relay
systems are so bulky that they’re
mounted on a truck for mobility. A
new unit, scheduled to undergo field
testing soon, is light enough for one
or two men to haul it at will.

The system, composed of a radio
set (CXL-5) on a tripod and a mul-
tiplex (WC-101B) on the ground, is
for communications on the bat-
tlefield. The radio equipment weighs
only 23 pounds. The battery power
supply weighs 10 to 15 pounds.

ITT Federal Laboratories of Nut-
ley, N. J., developer of the integrat-
ed-circuit system, says it will be
delivered to the Army’s Electronics
Command at Fort Monmouth, N. J.,
for testing.

The CXL-5 radio set can deliver
125 mW over a frequency range of
7.125 to 8.5 GHz, according to the
company. The WC-101B multiplexer
can handle 12 voice channels with
the use of PCM techniques.

The radio set antenna consists of
a flat, planar array with the ele-
ments imbedded in fiberglass and
fixed to the rear of the radio cabi-
net. The antenna is “aimed” by ro-
tating the entire cabinet.

Power for the system can range
from flashlight batteries to a tool-
box-sized unit for operation from a
vehicle’s electrical system. = =

Tactical microminiature radio relay
system is checked out by Lawrence G.
Forbes (left) engineering team leader
of the Army Electronics Command,
and Herbert Sheer, marketing man-
ager of ITT Federal Laboratories,
which built the system.

< ON READER-SERVICE CARD CIRCLE 300 THRU 306

usec/millisec delays

MUK TMVEL

PROPORTIONL.AX: CONITROX

L()W
YPLLEERS LOSS

for quartz or glass
ultrasonic delay lines

You'll find the complete text —
applications information — theory — \
technical data — specifying information
for standard and custom delay lines for
your application — in these authoritative \
LFE Catalog-Handbooks. Get them, now!

LFE

—

ELECTRONICS DIVISION

Laboratory For Electronics, Inc.
WALTHAM, MASSACHUSETTS 02154
Tel: 617-894-6600 « TWX: 710-324-0681
ON READER-SERVICE CARD CIRCLE 27
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FAIRCHILD INSTRUMENTATION /A Division of Fairchild Camera and Instrument Corporation m 475 Ellis St., Mountain View, California 94040, (415) 962-2011 m TWX: 910-379-6944




These are our

TIOOMHZz scopes.
The 777 is a
dual-beam scope.
The 766 HJF is o
single-beam scope
that acts like

a dual-beam.

The same plug-ins

fit both. Look at
one soono FAIRCHILD
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NEWS

Electronic display offers clearer view of stock quotations

A stock-market quotation dis-
play, formed by luminescent disks
against a black background, has
been developed to give brokers and
investors a clearer view of transac-
tions.

Solid-state logic converts tele-
graphed price information from
stock exchanges to signals that con-
trol air jets. Escaping air flips the
disks that spell out the market in-
formation. They travel across an
eight-foot screen on a continuous
band, then re-enter the mechanism
where a new message is spelled out.

The new method eliminates the
‘need to print the quotations on pa-
per tape and then project them onto
a screen, as most stock displays do
now.

According to Charles Holloman,
chief engineer of the Trans-Lux
Corp., New York, N. Y., designers

Stock-quotation display, controlled by solid-state electronics, signals the latest
price data with luminescent disks on a moving eight-foot screen.

and builders of the Trans Jet dis-
play, it can be seen at greater dis-
tances in all conditions of back-
ground lighting and is less subject
to mechanical breakdown than the
projector.

Circuitry for the display occupies
only five circuit boards, because of
the extensive use of integrated cir-
cuits. All of the semiconductors
used in the stock display were made
by Texas Instruments in Dallas. m» =

Computer to speed Army’s teaching of —e—e¢ — == —o0¢ o

With a computer for an instruc-
tor, the Army will be able to teach
Morse code to 24 students at once
and pace the lessons to their indi-
vidual learning abilities.

An audio-visual system being
produced by Sylvania Electric
Products, Inc., is divided into 24
training consoles, all controlled by
one computer.

“The computer analyzes the accu-
racy of each trainee,” explains Dr.
James E. Storer, director of Syl-
vania’s applied research laboratory.
“If a student makes mistakes on
certain letters, these are repeated
more frequently. Speeds are ad-
justed automatically to the capabili-
ties of the individual.”

Each trainee is equipped with
earphones, a typewriter keyboard
with unmarked keys and an elec-
tronic display of a typewriter key-
board. A Morse code letter is trans-
mitted to the student through the
earphones and flashed on the dis-
play keyboard. When the student
recognizes the letter, he depresses
the proper key on his typewriter.
Gradually the display lights are de-
layed, so the trainee is responding
to the audio signals alone. m =

36

Computer-controlled Morse code training system will let the Army give indi-
vidualized instruction to 24 students at once. The system is being tested here
by its maker, Sylvania Electric Products, Inc.
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The Scopes:

766 H/F Main Frame:

Single beam, solid-state scope with 6 x 10 cm scan, 13kV
accelerating potential and algebraic add. The 766 H/F ac-
cepts any of the plug-ins listed to the right, but the 79-02A
amplifier and 74-17 beam switching and delaying sweep time
base are recommended. With these plug-ins the scope has
100MHz bandwidth, 100mV /div sensitivity, 3.5nsec. risetime,
and a 5nsec. sweep.

777 Main Frame:

The 777 is a true dual-beam scope, with a dual gun CRT. It has
a 13kV accelerating potential and a 6 x 10 ¢cm display area
for each beam, with a 4 cm overlap. Each gun can be inde-
pendently blanked or intensified. The 777 accepts any four
of the plug-ins listed to the right.

For detailed information, call us, or write.

INSTRUMENTATION

The Plug-ins:

Time Base Modules:

74-03A General purpose, 5nsec.

74-13A Delaying sweep with calibrated delay

74-14 General Purpose time base

74-17A Automatic beam switching delaying
sweep with calibrated delay

Vertical Amplifier Modules:

74-12 1mV/cm differential amplifier, 850kHz

74-15 20mV, 1MHz amplifier

74-19A Single trace, DC to 5MHz, 50mV /cm

76-01A Single trace, 5mV/cm, 25MHz

76-02A Dual trace, 5mV /cm, 25MHz

76-05 Single trace, 100MHz, 50 ohms input

76-06 Four trace, 20mV /cm, 20MHz

76-08 Dual trace, 5mV/cm, 50MHz

79-02A Dual trace, 100mV /cm, 100MHz

Whe re "o ge' 'hem ¢ For immediate assistance or for the name and address of the representative or

distributor in your area, contact any of these Fairchild Instrumentation Field Sales Offices:

U.S.A.

4546 El Camino Real

Los Altos, California 94022
(415) 941-3111

5410 West Imperial Boulevard
Los Angeles, California 90045
(213) 678-3166

TWX: 910-328-6177

50 Jericho‘Turnpike

Jericho, L. 1., New York 11753
(516) 333-9311

TWX: 510-222-4479

2105 Gulf-To-Bay Boulevard
Suite #4

Clearwater, Florida

(813) 446-4619

TWX: 810-866-0436

8517 39th Avenue, North
New Hope, Minnesota
(612) 544-5220

113 Gentry Road
Hoffman Estates

Roselle, lllinois 60172
(312) 894-2060

FAIRCHILD INSTRUMENTATION LTD.
Grove House, 551 London Road
Isleworth, Middlesex, England

Tel: 560-0838

TELEX: 24693

Grunwalderstrasse 99

Munich 90, West Germany

Tel: 49 18 47

Cable: FAIRINTA MUNICH

1 3 W T
FAIRCHILD
e o Al g A

INSTRUMENTATION

FAIRCHILD INSTRUMENTATION /A Division of Fairchild Camera and Instrument Corporation m 475 Ellis, Mountain View, California 94040, (415) 962-2011 = TWX: 910-379-6944
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Better styling by design with Alcoa Aluminum

Electronic equipment looks better and sells easier when
it’s designed with aluminum, Alcoa® Aluminum.

That’s why designers everywhere use aluminum for
styling cabinets, racks, decks, frames, panels, housings,
grills, inserts or trim—practically any place where perma-
nent good looks are important.

Aluminum gives the designer more to work with—more
colors, more textures, more forms—in virtually any size or
configuration. It can be easily and accurately fabricated
by stamping, forging, extruding or casting; easily joined

by welding, brazing, soldering, or by various mechanical
production systems.

Striking textures can be developed by mechanical fin-
ishing, such as embossing or coining, with surfaces rang-
ing from smooth lustrous to rough matte. Subtle colors
can be added by using any one or a combination of tech-
niques—chemical, electrochemical, paint, enamel, lacquer,
porcelain enamel, or Vynalate* Sheet (a permanently
bonded laminate of aluminum sheet and vinyl). And,
aluminum is naturally light, uncommonly strong and cor-

ELECTRONIC DESIGN 4, February 15, 1967




rosion-resistant. Its applications are unlimited. That’s why
it’s called “the designer’s ally.”

For your demanding design applications, particularly
where the problem is one of cost and competitive styling,
change for the better with Alcoa Aluminum. Call your
nearest Alcoa sales office or write: Aluminum Company
of America, 1730-B Alcoa Building, Pittsburgh,
Pennsylvania 15219. i)

*Trademark of Aluminum Company of America “

Change for the better with Alcoa Aluminum ALCOA

ON READER-SERVICE CARD CIRCLE 29
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Tektronix Type 502A
. 2 100 xV/cm dual-beam oscillosc
simplify ¢

[[] Measure stimulus and reaction
on the same time base.

Wavefo rm [] Measure transducer outputs,

such as pressure vs. volume.

measu rements [ ] Measure phase angles and

frequency differences.
[] Measure characteristics of
low-level signals.

The Type 502A combines the performance
B, el A . capabilities unique to dual-beam oscillo-

’ scopes with operational features designed to
( TYPE 502A DUAL-BEAM OSCILLOSCOPE P “:2:::3“ simplify and speed up your measurements.
" ; T } You can examine two waveforms simultane-
] worousri K ously by applying input signals to both of the
'.laawzf{qu J identical vertical amplifiers. You can use each
o s 5 vertical amplifier in a differential display mode
:Q"‘\: s to examine the difference between two signals.
L{“ g o You can also use the Type 502A as a single-
s beam X-Y oscilloscope or as a dual-beam
m‘:ﬁ X-Y oscilloscope with both traces plotted on
niones TIME/CM the same X scale.
o i < | This performance is combined with operating
e o

conveniences whichinclude pushbutton beam
finders for quick location of off-screen sig-
nals, vertical signal outputs, intensity balance
for identification of upper and lower beams,
single-sweep operation, Z-axis input, vari-
Fd "ognlszr?:;‘l e able control of vertical and horizontal deflec-
et tion factors, electronically-regulated power
g supplies for stabie operation, and other re-
o X finements.

mllNllv
INTENSITY snu iiom

ee 6@

UPPEI BEAM

MG,
P L

%3

wote  cours e
SENSITIVI" s

T "T\ S ® performance characteristics include:

i o TR Y Bandwidth from DC to 100 kHz at 100 uV/cm,
Q,, increasing to DC to 1 MHz from 5 mV/cm to

3 20 V/icm e Calibrated deflection factors from

100 uV/cm to 20 V/icm in 17 steps; continu-

ously variable between steps, uncalibrated,
.,..l.,u%;geﬂmm- and to 50 V/icm e Common-mode rejection
» E of at least 50,000:1 from DC to 50 kHz e Phase
sov difference between amplifiers less than 1 de-

gree from DC to 100 kHz e Calibrated sweep
< rates from 1 us/cm to 5 s/cm in 21 steps e
@ ) (o)} 2X, 5X, 10X, 20X sweep magnification e Flex-
Y ible trigger facilities ¢ Amplitude Calibrator
EPoxTLang, OSAON. U1 e 10 cm by 10 cm display area.

LOWER BEAM

VERTICAL VARIABLE

SENSITIVITY

Type 502A Dual-Beam Oscilloscope . . . . $1050
Rack Mount Type RM502A Oscilloscope . . $1150
U.S. Sales Prices FOB Beaverton, Oregon

For complete information, contact your
nearby Tektronix field engineer or write:
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005

ON READER-SERVICE CARD CIRCLE 30
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for
sophisticated crystal filters

in
miniaturization

insist on M<Coy

Sophisticated filters demand sophisticated design—

Miniaturization requires manufacturing know-how—

McCoy has both.

In ten years of manufacturing crystal filters—from 5 kc to 125 mc—McCoy
has accumulated a wealth of filter manufacturing knowledge. Coupled with
complete crystal manufacturing facilities, this background of filter know-how
has established MCCoy as a leader in the industry.

When sophisticated designs and miniaturization are required, practically
everyone insists on MCCoy, where sophisticated filters are routine.

Why not put your filter requirements in capable hands?

Contact McCoy for quotations on your specific requirements.

McCOY ELECTRONICS COMPANY

a sussioiary or OAK ELECTRO/NETICS core.
MT. HOLLY SPRINGS, PA. 17085

TELEPHONE: 717-4886-3411 + TWX 717-486-3400

ON READER-SERVICE CARD CIRCLE 31
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Vishay Closes It, For Good! Forget
traditional precision resistor trade-
offs. Have 0.01% or better absolute
tolerance with guaranteed shelf life
stability of 25ppm/yr. (50 for 3 yrs.)
with load life stability of 0.030%
(125°C., 2000 hrs.) with TC’s below
1ppm/°C. (0 to+60°C.) with one ns.
(1) response time without ringing
without noise. And with resistors
this fine, think of the networks they
make! [f you've been working with
resistors a while, it’s hard to break
the habit, but for new design free-
dom, better total system performs-
ance, these free |
brochures belong
on your desk. Write
today. ® Vishay Resistor Products
63 Lincoln Hwy.,Malvern,Pa.19355

ON READER-SERVICE CARD CIRCLE 32

NEWS

Laser pulses timed
at four picoseconds

A coincidence technique for meas-
uring the duration of extremely
short laser bursts is reported effec-
tive down to four-trillionths of a
second.

The speed is said to be about 100
times faster than that measured
with techniques using photodetec-
tors and traveling-wave oscillo-
scopes.

The new technique was developed
by Dr. John Armstrong, physicist
at the IBM Research Div. in York-
town Heights, N. Y. He said his
method would be useful in studying
the interactions of ultra-short, ul-
tra intense laser pulses with matter.

In the coincidence technique (see
diagram), the polarized beam from
a neodymium-glass laser—operated
in the phase-locked condition to pro-
duce extremely short pulses—is split
into two beams. The plane of polar-
ization of one is rotated 90 degrees
in a Z-cut crystal. The two beams
are merged and directed to the sur-
face of a gallium-arsenide crystal.
The movable prism can change the
path length of one of the beams and
thus the arrival time between pulses
of the two beams.

The planes of polarization of the
two impinging beams are at right
angles and aligned with certain
crystal directions for which no sec-
ond harmonic light is generated.
Thus if either pulse arrives by it-
self, no harmonic is produced. How-
ever, if the pulses overlap in time,
the resultant field is in a direction
for which harmonic light is pro-
duced.

By analysis of the variation of
harmonic intensity as a function of
the path length introduced by the
prism, the width and shape of the
laser pulse can be determined. = =

PRISM
GaAs HARMONIC
z-QuARTZ[[J GENERATOR
-
BEAM
RS SPLITTER
GREEN
FILTER
P N
OLARIZER s
PRISM

PHOTOMULTIPLIER
New technique times laser pulses
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It pays to pick the fastest...
in the computer race, its SUHL/TTL.

We became deeply involved in TTL before any-
one. at’s why in TTL we’re way ahead with
SUHL, the fastest IC line in the industry.

Our SUHL line keeps breaking speed records—
now down to 5 nsec—without compromising noise
immunity and power dissipation. That’s why
we 're the prime source for T'TL and why Sylvania
Universal High-level Logic ICs are being second-
sourced. Several of the largest electronic equip-
ment manufacturers standardized on SUHL ICs,
even though we were the only source.

Sylvania can really deliver too. We have the
most modern manufacturing facilities in the in-
dustry. We make all of our ICs with one optimum
process, so we can maximize performance charac-
teristics of every unit. Advanced automated test
equipment insures the ultimate in production mon-
itoring, final testing, and quality control.

So get SUHL’s speed and reliability. Sylvania
Semiconductor Division, Electronic Components
Group, Woburn, Massachusetts 01801. Learn all
the reasons Sylvania really delivers ICs.

SYLVANIA

SUBSIDIARY OF

GENFRA

PHO)N

RON &
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Price

CONSCIOUS

about
2N3055'?

That’s why the Bendix 2N3055 is one of the most
widely used and best known power transistors in the
business.

You don’t pay a premium for Bendix quality. We
offer sound and truly competitive pricing on the
2N3055—and on its entire related silicon mesa family
as well. It’s a direct result of our efficient, highly
mechanized production of these types.

And to insure sound, rugged operation in your
circuit, Bendix has SOAR (Safe Operating ARea)
specified the 2N3055. SOAR protects you against
second breakdown (see typical SOAR chart).

Need more flexibility? Consider the B170000
Series we've developed in conjunction with the
9N3055. These NPN power transistors are &

specified and grouped by application. Thus, you may
select a device optimized for amplifying, regulating
or switching use. This means you avoid paying for
parameters not pertinent in your particular circuit.
Selections are available on VCEO up to 100 volts,
hFE at IC up to 5 amps and Pc up to 120 watts.

Looking for equally good values in higher current
transistors? Look our way again. The Bendix 30-amp
2N3771 and 2N3772 merit your attention for power
supply and power amplifier work.

In fact, why not check into the complete line of
Bendix power transistors? They’ll help you hit a new
high in performance and reliability. Call your

Bendix distributor. Or write Bendix Semi-
conductor Division, Holmdel, N. J. 07733.

Atlanta—Grady Duckett Sales Co., (404) 451-3529; Baltimore (7Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972;

Detroit—(313) 548-2120; Greenwich, Conn.—(203) 869-779

(612) 926-4633; Los Altos, Calif. —W. W. Posey Co., (415) 948-7771; Seattle—Ray Johnston Co., Inc. (2

Holmdel, N. J.—(201) 946-9400; Los Angeles—(213) 776-4100; Minneapolis—

6) LA 4-5170; Syracuse, N. Y.—(315)

474-7531; Waltham, Mass.—(617) 899-0770; Export—Cable: ‘*‘Bendixint,”” 605 Third Avenue, New York, (212) 973-2121; Ottawa, Ont.—Computing

Devices of Canada, P.O. Box 508—(613) TAlbot 8-2711.
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Bendix knows
you are!

TEST CIRCUIT FOR AREAS B T

E4tr ond tf<504S 2N3055 oua

Pavg S SO W A X\;\NT{{;} ﬂv—}—fvw—»T,,
\\ S

0 10 20730 40" 9. 60 (w0

S 100 _
%z w scoPE

0.1 0
= SAFE OPERATING AREA 2N 3055
= PULSED
= CURRENT
g 15 AREA CODE feeeie
o« A DC OPERATION - Al
= (IC>ICEQ) vee S350V
10 B tw=1mS
g C tw=05mS
S D tw=025mS UNCLAMPED INDUCTIVE SWEEP CIRCUIT
w
=
=
o
O
o

—p

VCE COLLECTOR-TO-EMITTER VOLTAGE IN V

START- 0 10 20 30 40 50 60 70 80 90 . —_—— "o - =,
YY)y VCER may be measured up to
VCE IN V
5 R="5 A with RBE =101,
OSCILLOSCOPE TRACE L U 4 ICER =5 A with RBE =10

Bendix ¢ Electronics
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do we
have to change
our name
from
WEMS (O
HYBRID MICROCIRCUITS, INC.

For years, WEMS has been the word for Welded
Electronic Modules and S.ystems. The name fit. ...
beautifully. But what do Wwe do now that we're in
the hybrid microcircuit business? [W] Guess we really
should have planned ahead knowing we’d eventu-
ally turn to this market. After all, what could be

more logical.

L]

We have [E] over 10 years of experience in circuit
L]

L design, microwelding techniques and packaging, so
= L]

today, in response to your__ growing demands, we're

i
it

producing hybrid micro- circuits as well. Custom

tailored to your specifications, these hybrid micro-
L]
circuits are the result of the same research and

i
«‘{‘?}

L]
development talent that made us number one in the 0
.
module business. The same skilled microwelding |

and fabrication technique.s are used, and the same
precise quality control assures you that our hybrid
microcircuits will give yo.u the [M] same high relia-
bility as our electronic modules.

Do we have to change :)ur name? We hope not.
We’d prefer to make the ‘hame WEMS synonymous
. with hybrid [s] microcircuits as well as with Welded
Electronic Modules and S'ystems

Like to learn more about this new capability? Just
give us a call.

4650 West Rosecrans Avenue s L
Hawthorne, California 90252 Sl
(213) 679-9181 .
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VOLTAGE RanGE

| ® ez

s PC VoLTace

First full-range™
DC Voltage Calibrator
with .01% accuracy for under *1000 -

_____ | i | Cohu’s new Model 324!

*Output voltage ranges: 10-VRange:0t011.11110 volts (10 .V steps)
100-V Range: 0to 111.1110 volts (100 .V steps)
1000-V Range: Oto 1111.110 volts (1 mV steps)

Output current capability: 0 to 25 milliamperes nominal at any voltage setting.
Accuracy: 0.01% of setting.
Stability:  Within 30 PPM for 24 hours, 50 PPM for 30 days.

Dimensions: Cabinet: 102" Wx 5%” Hx 15% D.
Rackmount: 19" W x 5%” Hx 15% D.

Price: Cabinet (324): $995. Rackmount (324R): $1050.
F.0.B. San Diego. Additional export charge.

Delivery: Immediate, from stock.

For full details, contact your Cohu engineering representative.

ELECTRONICS, INC Box 623
San Diego, California 92112
Phone: 714-277-6700
ON READER-SERVICE CARD CIRCLE 36
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Replace 80% of all
FET types with one!

TO SOURCE

e e

400 MHz NEUTRALIZED AMPLIFIER

USING VHF/UHF FET

B
TO LOAD

y
Hel‘e S how: Buy the Union Carbide 2N4416 uni-

versal FET in quantity, and you can select transistors over the entire
frequency range covered by 80% of all field effect types. The 2N4416
is specified below as a VHF/UHF amplifier. However, from any class
lot of this device you can select (1) general purpose, low noise, high
gain amplifiers from D.C. to 900 MHz, or (2) ultra low noise devices

for low frequency applications. This device is also available in a ribbon N
lead ceramic package (.138" dia.) as the low capacitance 2N4417. DATA SHEET
Use for TV tuners, FM sets, IF strips, mixers, oscillators, or even

switches. Write for complete specifications.

p——

PULL oUT

CHARACTERISTICS 2N4416 o TS L 1
Small Signal, Common Source @ 25°C To-72  Frequency T 4]
Forward Transconductance RE (Yy,) (min.) 4000 pmhos 400 MHz £ [ S 17 ; e T | V
Input Capacitance, Ci,; (max.) 4.0 pf 1.0 MHz @il eyl : e / E
Output Capacitance, Ce., (max.) 2.0 pf 1.0 MHz ; J l | / .
Z 10— oLl 20 PSS v 5
Reverse Transfer Capacitance, C.. (max.) 0.8 pf 1.0 MHz § TR ;dm»n:nze vs.'n.qu.nc, il 1 / B el =
3 T Vo= +15v i é
Spot Noise Figure g [ [Vs=0 /, h 2
(Neutralized), NF (max. 40dB 400 MHz g [ /
Spot Noise Figure, NF (max.) i v A / ot
(Neutralized) 20dB 100 MHz | /
Power Gain, Gp. (min.) s 1 ; 10 100 1000
(Neutralized) 10.0dB 400 MHz FREQUENCY MHz

48

UNION
CARBIDE

ELECTRONICS

UNION CARBIDE CORPORATION 365 Middlefield Road, Mountain View, California 94040 TWX: 910-379-6942; Telephone: (415) 961-3300
ON READER-SERVICE CARD CIRCLE 37
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UNION

CARBIDE

ELECTRONICS

2N4416 - 2N4417

N-CHANNEL FIELD EFFECT TRANSISTORS

FOR

VHF/UHF AMPLIFIER APPLICATIONS

Silicon planar epitaxial construction * high transconductance
low capacitance * low noise * specified for 400 MHz operation

MAXIMUM RATINGS

@ 25°C (UNLESS OTHERWISE NOTED)

2N4416 2N4417
SYM. TO-72 PACKAGE CC-3 PACKAGE Units
Drain to Gate Voltage Ve 30 30 v
Drain to Source Voltage Vs 30 30 v
Source to Gate Voltage Vse 30 30 \4
Gate Current Iy 10 10 mA
Total Device Dissipation Py 300 175 mW
at or Below Ambient Temperature <7 25 25 °C
Linear Derating Factor 17 1.0 mW/°C
Total Device Dissipation Py 450 350 mW
at or Below Case Temperature Te 125 25 °C
Linear Derating Factor 6.0 2.0 mW/°C
Storage Temperature Ts —65 to +200 —65 to +200 °C
Lead Temperature for-10 Seconds 4300 +300 °C
]
: ELECTRICAL CHARACTERISTICS
@ 25°C (UNLESS OTHERWISE NOTED)
SYM. Seadic Fo g Units CONDITIONS
I min. max. min. max.
Gate Breakdown Voltage V sr) ass —-30 —30 v Io==1pA, Vs =0
Total Gate Leakage Current Isss —100 -100 PA Vgg = =20V, Vs =0
Total Gate Leakage Current (150°C) Igss —100 —100 nA Vog = =20V, Vs =0
T, = +150°C
\ Drain Saturation Current* Ipss 50 15 50 15 mA Vpg =16V, Vgg =0
! Pinchoff Voltage Vanliore —6.0 —6.0 v Vg =16V, I, = 1.0nA
GS (off) S D
Forward Transadmittance® 1¥esl 4500 7500 4500 7500 pmhos Vps =16V, Vg =0,
f=1kHz
Output Admittance J ¥l 50 50 umhos Vig =16V Vs =0,
f=1kHz
Small-Signal, C S 3 Cs 0.8 0.8 pF Vpg =15V, V5 =0,
Short-Circuit, Reverse Transfer f =1MHz
Capacitance
Small-Signal, Common-Source, Cies 4.0 3.5 pF Vps =15V, Vg =0,
Short-Circuit Input Capacitance f =1MHz
Small-Signal, Common-Source, Coei 2.0 1.3 pF Vg = 16V, Ve =0,
Short-Circuit Output Capacitance f =1MHz
Small-Signal, Common-Source, RE (Y,,) 1000 1000 umhos Vps =18V, Vi =0,
Short-Circuit Input Conductance f = 400 MHz
Small-Signal, Common-Source, IM (¥Y,,) 10,000 10,000 umhos Vg =16V, Vg =0,
Short-Circuit Input Susceptance f = 400 MHz
S -Signal, Common-Source, RE (¥,,) 100 100 umhos Vps =16V, Vg =0,
Short-Circuit Input Conductance f = 100 MHz
Small-Signal, Common-Source, M (¥,,) 2500 2500 pmhos Vps =16V, Vs =0,
Short-Circuit Input Susceptance f = 100 MHz
Small-Signal, Common-Source, RE (Y,) 100 100 pmhos Vps =16V, V5 =0,
Short-Circuit Output Conductance f = 400 MHz

* Pulsed Measurement Required. PW = 300 usec, Duty Cycle <1.0%.
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ELECTRICAL CHARACTERISTICS

@ 25°C (UNLESS OTHERWISE NOTED)

SYM .2N“16 : e Units CONDITIONS
min. max. min. max.
Small-Signal, Common-Source, IM (¥,,) 4000 3000 pmhos Vpg =15V, Vge =0,
Short-Circuit Output Susceptance f = 400 MHz
Small-Signal, Common-Source, RE (¥,,) 75 75 pmhos Vs =16V, Ve =0,
Short-Circuit Output Conductance f = 100 MHz
Small-Signal, Common-Source, M (¥Y,,) 1000 800 umhos Vps =18V, Vgy =0,
Short-Circuit Output Susceptance f = 100 MHz
Small-Signal, Common-Source, RE (Y ) 4000 4000 umhos Vps =16V, V5 =0,
Short-Circuit Forward Transconductance f = 400 MHz
Common-Source Power Gain Gy 10 10 dB Vps =15V, I, = 5mA,
f = 400 MHz (See Fig. 1)
Common-Source Power Gain Gn- 18 18 dB Vps =16V, I, = 5mA,
f = 100 MHz (See Fig. 1)
Common-Source Spot Noise Figure NF 4.0 4.0 dB Vps =1V, I, =5mA,

f = 400 MHz (See Fig. 1)
R, = 1000 ohms

Common-Source Spot Noise Figure NF 2.0 2.0 dB Vps =16V, I, = 5mA,
f = 100 MHz (See Fig. 1)
R; = 1000 ohms

y

TYPICAL PERFORMANCE CURVES

@ 25°Cc (UNLESS OTHERWISE NOTED)

PARAMETER INTER-RELATIONSHIP TRANSFER CHARACTERISTIC
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CAPACITANCE VOLTAGE CHARACTERISTIC
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HIGH FREQUENCY COMMON SOURCE CHARACTERISTICS
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HIGH FREQUENCY COMMON SOURCE CHARACTERISTICS
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EQUIVALENT CIRCUIT

o
DS SOURCE _~
~ o] PINI P
17 )\‘(
,\\

C'
> 24

CASE
PING
Approximate small signal equivalent circuit for
the 2N4416 Field Effect Transistor.

GATE
PIN3

DRAIN
PIN2

T

Cds

i)

SOURCE
PINI

Approximate small signal equivalent circuit for
the 2N4417 Field Effect Transistor.

The 2N4416 and 2N4417 transistors
are identical in every respect except for
their respective package configurations.
Therefore capacitance values for Ci,
C.: and C;; should be set equal to zero,
in equation 1 through 4, when comput-
ing the y parameters for the 2N4417.
All of the other circuit component
values are the same for both devices.
Typical component values for Cy,, Cgq,
gm, and gas may be obtained for any set
of bias conditions, from the curves.
1Y,, = rle(C, + CuF + ju(C, + C,, +
C"d)'
2.¥ s = —w?Cyy (Cpp + Cpy) T, —ju Cpy
8, Ve = By —00C,y (€, +Cy)r
—jelCpyq + (C, + Cpy) 1y 8,)
4.V, =8 ¥ (0C2 1, + jol(Cyy 4Cy +
ds

Small signal common source y param-
eter equations for the 2N4416 and 2N-
4417 Field Effect Transistors.

TEST CIRCUIT

NOTES:

1. The above equations are accurate to about 1
GHz and are good for both the 2N4416 and
2N4417 Field Effect Transistors.

2. The case is connected to the source for the
source figuration and to the gate
for common gate operation.

3.C,,, C,, and C,, are pin to case capacitances
for the TO-72 header C,, ~ 0.6 pF,C,, ~ 0.6
pF,C,, ~ 0.7 pF.

4.C,, ~ 0.1 pF.

5.r, ~ 24 ohms for both the 2N4416 and 2N-

4417 Field Effect Transistors.
6. 8, = |yy,|at 1000 Hz.

7. Bgs = |¥,, at 1000 Hz.

)
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i c3 | Cl | 7.0pF |18pF
i R Cz | 1000 pF | 27 pF NOLK
INPUT | ¢ ca | TI?OAD p P 1. Amplifier used to measure power gain and
| L2 : Cc3 3.0pF 1.0 pF noise figure.
§8uncz' -7 i Cc4 1.0-12 pF| 0.8-8 pF| 2. Transformed equivalent Source resistance
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H __,_1 y 1.0-12 pF| 0.8-8 p amplifier, and 1000 © at 400 MHz for 400
e N (S, CH N 8 | [ ) C6 0.0015 uF| 0.001 uF MHz amplifier.
C7 0.0015 xF| 0.001 uF 3. When using 2N4416, pin 4 (case) should
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Letters

MAYBE gate opens up
bright new possibilities
Sir:

The invention of a high-reliabili-
ty MAYBE gate offers prospects of
exciting and versatile new designs.

As can be seen from the schemat-
ic (below), a conventional AND
gate is used with a photoresistive
load element. This element in turn
is driven by a flasher arrangement,
which, although nearly periodic, is
in no way related to events in the
system.

NE-2

The circuit performs the follow-
ing positive function. In the event
that high reliability is demanded
from a system that is currently pro-
ducing erratic results, this small
module may be added at any infor-

mation junction. Should a malfunc-

tion develop anywhere in a previous
logic stage, it is entirely possible
for the MAYBE gate to ignore this
bit of misinformation. A completely
correct result would then emerge
randomly from the improperly
working system.

Philip Accardi
David Sarnoff Research Center
RCA Laboratories
Princeton, N. J.

e

Accuracy is our policy

In “Signal generators 1.62-420
MHz” list, ED 27 (Signal Genera-
tor Reference Issue), Nov. 29, 1966,
p. 26, Hewlett-Packard points out
that its models 618C and 620B (list-
ed in section SG-1) are microwave
instruments that have frequency
ranges of 7 tq 11 GHz, not MHz as
printed.

In “Try solid-state regulators,”
ED 26, Nov. 22, 1966, pp. 76-79, the
equations for R2 and RI1 in the
right-hand column on p. 78 contain
errors. They should read:

R2 = [Vz _'(Vi,'ln o VEBZ)]/

(Ips + Ios)
= 6.8 — (0.7 + 0.7) V/1.0 mA
= 5.4 kQ,
and
R1 = [(Ein min — Eout min) ]
5

In “Laser system counts railroad
freight cars,” ED 28, Dec. 6, 1966,
p. 36, the developer of the system is
the Union Switch and Signal Div.
of the Westinghouse Air Brake Co.,
not Westinghouse Electric.

In “Take a fresh look at filters,”
ED 1, Jan. 4, 1967, pp. 114-115, au-
thor Frank Noble draws attention
to two equation errors.

In Fig. 1, the value of C, should
be the same as Eq. 5 on p. 114:

C, = Cy[(wy/®,)2—1].

The square is missing from the
figure.

In Fig. 2, the value of L, should
be the same as that shown for it in
the third degenerate form of the
filter circuit spelled out in the text
at the top of p. 115:

L, = 1/Cy(@:—w,?).

C, is omitted from the figure.

In “Field strength meter operates
400 to 900 MHz,” in the Test Equip-
ment listing of the Products section
of ED 1, Jan. 4, 1967, p. 183, Hex-
em’s model 410 meter has a sensitiv-
ity of 1 uW, not 1 puV as printed.

In “IC voltage regulator is exter-
nally adjustable,” the Product cover
feature in ED 2, Jan 18, 1967, Na-
tional Semiconductor Corp. has
drawn attention to a mistake in
Fig. 4 on p. 94: The connection
between points Y and Z (see dotted
line below) was printed in error and
should be deleted.

R4 :L
750kY




Medical Electronics

Stereotaxic device designed at National Institutes of Health pinpoints locations in the brain.




Greater capability and wider applications typify
this potent combination of dissimilar disciplines

By Frank Egan, Technical Editor

The products of electronic technology are diffusing
into every area of modern society, but nowhere is their
impact greater than on medicine. Industry, research institutions
and government are all contributing to the growth of this
potentially booming field.

With all this activity going on, what exactly is the
state of medical electronics today? What technologies are
contributing to it, and how are they being applied? And what
about the problems—and the future? These are the questions
that this report attempts to answer. For convenience, the report is
divided into three sections:

The designer scans the market (p.52)

The electronic designer has a keen interest in the

technical aspects of medical electronics, but the design of medical
equipment is subject to many peculiar and stringent

nonengineering restrictions. The relatively limited size of the market,
where and by whom the equipment is used, and safety, reliability

and maintenance are all important considerations. The first section

of the report ties these diverse factors together,

to give a broad view over the entire field.

Measurement plays a vital role (p.56)

This section focuses on the significance

of measurement in medical electronics. The prime

object of medical measuring and monitoring is the human

body, an exceedingly complex mechanism. The technical problems
are thus quite different from those encountered

in other electronic measuring systems.

The technologies involved range wide (p.64)

The technological areas that now contribute

to medical electronics and examples of how they are used

form the subject of section three. Lasers, ultrasonics, microelectronics,
power sources, computers, systems engineering

are some of the areas discussed.
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Medical Electronics

The outlook is rosy—for the initiated

The medical electronics market is attractive and growing,
but the path to success is fraught with pitfalls

The field of medical electronics has been de-
scribed as a marriage of convenience between the
art of medicine and the science of electronics. As
such, its success is based largely on the technical
soundness of the electronic devices and equipment
that have been developed. Its success, however,
also depends on other factors, and in traveling
around the country gathering material for this
report, we have found that very often it is these
other factors that are paramount. An electronic
designer working in this field, in fact, must not
only be a good designer, but must also understand
the nature of the medical electronic market.

Who buys and uses the equipment? What do
they and don’t they want? How and why do they
buy? If he does not know the answers to these
questions, the designer may find himself headed
for technical excellence—and economic obscurity.
To help answer them, a panoramic review of the
entire medical electronic field is given in this
section. Later sections of the report deal with
technical details and developments of interest.

Up .. up..upit goes

The dollar value of the U.S. medical electronics

Table 1. Medical electronics market
(in millions of dollars)

market is extremely difficult to estimate. This is in
large part due to the fractured nature of the
business. Some estimates include equipment such
as X-ray machines and hearing aids; others ex-
clude them. Furthermore, many items, like certain
transducers and recorders, are bought for non-
medical as well as medical use.

Present estimates range from just over $200
million to slightly under $300 million for this year.
If X-ray equipment, hearing aids and similar
accessories are included, they add another $150
million to the total figure. According to a study by
Arthur D. Little, Inc., this represents an increase
of 20 per cent between 1956 and 1964, and a 15-
per-cent growth since 1964.

Future growth is expected by some to continue
at about 15 per cent per year. Others, however,
like Beckman Instruments, foresee a faster
growth rate, with a total market of some $1 billion
anticipated by about 1975. The results of one
survey are given in Table 1.

Large as these market projections may be, they
are still dwarfed when viewed in the light of the
total “health bill” of the United States. As ob-
served by Sen. Maurine B. Neuberger (D-Ore.)
during recent Senate hearings pertaining to

Table 2. Total cost of health care

ltem 1954l 1958| 1964 E 1970 | 1975
Therapeutic ‘ i

equipment  40.0 55.5| 69.0 | 94.0 | 135.0
Diagnostic \ ‘

equipment 48.6 | 50.4 | 80.5 \118.5 150.5
Laboratory '

equipment 8.0 | 14.0
Data processing

|
32.0 | 57.0 | 90.0

equipment 5.0i 15.0 | 40.0 |140.0 | 325.0
Patient monitor- } ‘
ing systems —| 5.0| 45.0 |100.0 | 195.0
a T
Total 101.6 {139.9 |{266.5 |509.5 } 895.5
! |

Estimates published in 1965 by Predicasts, a journal of Economic
Index and Surveys, Inc.

b2

Health
GNP expenditures
Year (billions) (billions) % GNP
1940 $100.6 $ 3.9 4.1
1950 284.6 12.4 4.7
1956 419.2 19.2 4.7
1958 4445 22.8 5:2
1960 502.6 26.5 5:4
1962 554.5 31.3 57
1964 615.0 36.3 5.9
1966 672.0 40.2 6.0
1968 730.0 46.0 6:3
1970 | 790.0 51.4 6.5

Figures published by U.S. Dept. of Commerce.
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Eight coronary patients can be monitored simultaneously
with this intensive-care system installed at the Orange
County General Hospital in Orange, Calif. Individual elec-
trocardiograms and other heart parameters can be dis-

health, “In the United States the cost of illness,
disability and death is now about ninety-three and
a half billion dollars annually.” Of this total, over
$40 billion represents the costs for health care
services of all kinds. This is more than 6 per cent
of the U.S. gross national product, as shown in
Table 2. By comparison, total spending in the
electronics industry is less than $20 billion.

Medical research now accounts for some $2
billion of the total health care outlay and is ex-
panding at a rate of approximately 15 per cent a
yvear. At present, though, only a small percentage
of this is spent on the development of electronic
instruments and devices. One reason for this,
according to Dr. Robert F. Shaw of the Columbia
University Electronic Research Laboratories and
the San Francisco Presbyterian Medical Center, is
that Government support of research in the medi-
cal instrument field has heretofore been meager by
both industrial and governmental standards. Says
Dr. Shaw, “Little of the almost one billion dollars
applied to research support by the National Insti-
tutes of Health has been directed toward medical
instrumentation. The average funding of NIH
research programs is only $35,000 and industry
has in the past been excluded as a proper recipient
for awards.”

ELECTRONIC DESIGN 4, February 15, 1967

i
played at the nurses’ central station. Designed and in-
stalled by Statham Instruments, Inc., the modular-type
system allows the user to start with a basic arrangement
and build as requirements and funds permit.

Because of the expected growth of medical
electronics, many companies, both large and small,
are entering the market, helping to boost its size.
This, together with the fact that a gray area
exists between medical and nonmedical devices,
makes it difficult to determine how many compa-
nies are now involved in medical electronics.
Estimates range from a low of about 300 compa-
nies to a high of almost 2000.

More than half the electronic instruments and
devices sold to the medical market are purchased
by hospitals and medical schools. Of approximately
7100 registered hospitals in the U.S., about 1300
have more than 200 beds. It is these “large” hospi-
tals that account for almost two-thirds of all the
electronic equipment used in hospitals. Research
institutions and laboratories, government agencies
and the country’s 250,000 registered physicians
purchase most of the rest.

From an equipment standpoint, medical elec-
tronics can be broken down in a variety of ways.
Three major categories in any such breakdown
are:

= Biomedical research equipment.

® Diagnostic instruments.

= Therapeutic devices.

Biomedical research equipment is used to study
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and analyze living organisms and human cells and
tissues, and to identify and measure a wide varie-
ty of chemicals. Amino acid analyzers, blood-gas
analyzers, and infrared and ultraviolet spectro-
photometers are all examples of this equipment.

Diagnostic instruments include electrocardio-
graphs, electroencephalographs and a variety of
ultrasonic equipment.

Therapeutic devices range from pacemakers
and defibrillators to much-publicized artificial
organs.

In addition to these three major categories,
there are other areas of medical electronics that
because of their importance are often considered
separately. One of these is electrosurgery, which
employs devices ranging from spark-gap genera-
tors to lasers in surgical operations. Another
specialized area is aerospace medicine, in which
transducer and telemetry technology are para-
mount. Microelectronic advances in this area will
doubtless find application in other medical elec-
tronic areas.

Still a third area that warrants special consid-
eration because of its potential significance is
patient-monitoring systems. These systems con-
tinuously collect and record a variety of physio-
logical data from hospital patients, provide con-
venient displays for doctors or nurses, and acti-
vate appropriate alarms whenever a patient
requires special attention.

Computers represent another equipment area
that can be considered separately. Their wide-
ranging medical and biomedical applications run
the gamut from simulation studies of bodily
systems to analysis of such physiological data as
electrocardiograms.

Government will play vital role

The role of government, both Federal and state,
in the evolution of medical electronics will be
significant. Already, Federal grants, aerospace
projects and U.S. Public Health Service programs
have done much to promote the use of electronic
instrumentation in medicine. In addition, Federal
health legislation will ultimately have a profound
effect. Some twenty million people are now en-
rolled for all-inclusive medical care under the
Medicare program. In only the first two months of
the program, some half billion dollars were spent.

The effect of Medicare on already overcrowded
hospitals cannot help but promote the use of
equipment that will ease manpower requirements
and improve the efficiency of available personnel.
Much of this equipment will be of an electronic
nature, such as patient-monitoring systems.

Some idea of the manpower gap that might be
filled at least partially by medical electronics is
contained in the report of a recent study conduct-
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ed by the American Hospital Association and the
Public Health Service. According to the study,
about 275,000 additional professional and techni-
cal personnel are needed right now if U.S. hospi-
tals are to provide optimum patient care. This
represents a 20-per-cent increase over present
staffing. Undoubtedly, the shortage of trained
hospital staff will become even more acute as more
people take advantage of Medicare and as further
government health programs are instituted.

What is considered by many as the single most
important trend in health care is also a prime area
for electronic instrumentation. This is mass
screening. With Medicare a reality, the Govern-
ment is now considering steps in the field of pre-
ventive medicine that would involve a massive
effort to detect chronic ailments and impending
illness. A bill called “Preventicare” has already
been introduced in Congress. It calls for the estab-
lishment of regional health centers connected by
data transmission links with smaller community
health centers. The centers would have the capaci-
ty to give basic screening tests to 400,000 persons
over the age of 50 every year. The cost of a three-
year program would be $60 million.

An excellent example of a mass-screening
instrument is the PhonoCardioScan, which was
developed by the Humetrics Div. of Thiokol Chem-
ical Corp. and is now being marketed by Beckman
Instruments. About the size of an attaché case, the
PhonoCardioScan can detect quickly and easily a
variety of heart abnormalities. An examination
takes only two to three minutes, and the digital
output can be recorded and sent elsewhere for
medical interpretation. These two characteristics
—speed and the ability to be operated by relative-
ly unskilled medical personnel—are basic require-
ments of any mass-screening instrument.

New companies face problems

As a result both of the growth potentials of
medical electronics and of their desire to diversi-
fy, new companies are constantly entering the
field. Drug companies, electronics companies,
chemical companies and aerospace companies—all
are being attracted into the field to some degree.
Each new entrant feels—and usually rightfully so
—that it has the capacity and know-how to make
a useful contribution.

One might expect this expansion of suppliers to
have a great impact on the policies and decisions
of the old-line companies in the field. For the most
part, though, this does not seem to be the case. The
companies that have been serving the market for
yvears can best be characterized by a “wait and
see” attitude. Their feeling is that it takes consid-
erably more than mere technical know-how to be
successful in the field. In their eyes, a thorough
acquaintance with the medical field and its mar-

ELECTRONIC DESIGN 4, February 15, 1967



RESEARCH USE

BODY OF KNOWLEDGE —»

THEORETICAL ANIMAL
RESEARCH RESEARCH

miv?usénzs'
MEDICAL SCHOOLS

CLINICAL USE

ADVANCED
HOSPITALS

PRIVATE

ORDINARY
HOSPITALS PHYSICIAN

EVOLUTION OF A MEDICAL PRODUCT OR TECHNIQUE —

Complete evolution of a medical product can take from
two to twenty years. Research uses come first, followed
by clinical use later. The private physician, because of his
necessary conservatism, is generally the last to accept and

keting considerations is more important than
technology in many instances. And it remains to

be seen whether the newer companies have or can -

acquire this marketing know-how.

Some companies are aware of this and have
entered the market by means of acquisition or
working agreements. RCA and Hoffman-La
Roche, Inc., for example, have a working agree-
ment. Hoffman-La Roche contributes experience
in medical research and marketing; RCA, in
electronics. Another example of this approach is
the agreement between Zenith and Baxter Labo-
ratories. The acquisition route, on the other hand,
was followed by Warner-Chilcott when it acquired
Research Specialties, a maker of automatic ana-
lyzers.

Doctor/engineer interface . . . barrier or bridge?

One of the most talked about elements of medi-
cal electronics is the relationship between doctor
and engineer. Cooperation between these two
vastly different disciplines is absolutely essential.
Unfortunately, the degree of such cooperation
varies so widely that generalizations are impossi-
ble to make.

Some doctors keep abreast of electronic devel-
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use a new product or technique. The vertical axis of the
above curve represents the whole body of knowledge that
has been acquired about the product, its uses and its
limitations.

opments and are quick to recognize and accept
technological innovation. Foremost among these
are many engaged in laboratory and clinical
research. At the other end of the spectrum are the
many private practitioners who are either ex-
tremely wary of new electronic gadgets or who
jealously guard their professional skill against
silent black boxes.

In justifiable defense of those doctors who do
not appear overly enthusiastic about electronic
instruments, it should be noted that a doctor’s
ultimate responsibility is to his patient. If a piece
of equipment should fail during an operation, the
proceedings cannot be halted while the equipment
is fixed. (There may be time to change surgeons
during an operation, but seldom equipment.)
Moreover, should a patient be injured by an elec-
tronic device, whether through faulty operation or
misuse, the doctor is held largely responsible.

The engineer or producer of medical electronic
equipment, for his part, must do his medical
homework. He must find out what is wanted by
the medical profession, and not plow ahead to
develop what he imagines is needed. The medical
electronics graveyard is full of electronic stetho-
scopes and other devices that someone thought
were needed. = =
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Medical Electronics

It’s largely a field of measurement

Sensors represent the biggest area for improvements in
today’s physiological data-collection systems

Medical electronics is to a large extent a field of
measurement. Brain waves, blood flow, skin re-
sistance and a host of other body parameters can
be measured with today’s instrumentation. But
efficient and accurate as present instruments are,
there is still great room for improvement. This is
particularly true of electrodes and transducers,
which make up the input elements in most medical
measurement systems.

A typical block-diagram representation of the
role played by electronics in medicine is shown in
Fig. 1. The two main areas served by electronic
equipment are diagnosis and therapy. Although
surgery is shown as a therapeutic function, for
some purposes it can be broken out separately.

The diagnostic equipment consists of a meas-
urement system having one or more sensors
as input devices and a recorder or other display
unit as an output. In some cases a computer is
included in the system to analyze the data and
present them in a more usable form. The final
output of the measuring system is then used by
the physician or researcher to make his diagnosis.

The therapeutic equipment uses electrical or
electronic elements in the treatment or rehabilita-
tion of patients. In certain applications, such as
during major surgery, the diagnostic and thera-
peutic elements form a closed loop. At other times,
they are distinctly separate, with the diagnostic
system forming an open loop.

Signals by the score

From an engineering standpoint, Fig. 1 does not
represent a very complex system—except, that is,
for the fact that man and his physiological condi-
tions are included as an integral part of the loop.
The human body is an exceedingly complex organ-
ism, and to measure anything about it in a mean-
ingful way requires knowledge of both the engi-
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neering and physiological factors involved.

As an object of measurement, the human body is
very much akin to the proverbial “can of worms.”
There are numerous bioelectric signals of interest
as well as many physical phenomena that can be
transduced into useful electrical signals. But to
isolate an.individual signal of interest so that it
can be measured accurately is no small task.

Many of the usable signals interact with each
other. Also, bioelectric noise signals, called “arti-
facts” are always present and often are of
sufficient amplitude to mask the desired signal.
Some of the more commonly measured body pa-
rameters are shown in Fig. 2. There are other
useful parameters, such as heart rate, which-are
derived from one or more measured parameters.

It should be noted that the values given in Fig. 2
are only representative. Exact amplitude and
frequency characteristics depend on how, when
and where the measurements are made, as well as
on what portion of the signal is significant for the
particular measurement. The frequencies, in
particular, are open to dispute, since medical
people do not always agree on how much of a
signal’s frequency range is significant.

For example, the American Heart Association
recommends that direct-writing electrocardio-
graphs respond to an upper frequency of about 50
Hz. Others, however, suggest an upper frequency
cutoff of at least 100 Hz. And in a recent report,
Alan Berson, of the Veterans’ Administration
Research Center for Cardiovascular Data
Processing, and Dr. Hubert Pipberger, of the
Dept. of Medicine, Georgetown University, recom-
mend a considerably higher cutoff frequency—
under some conditions perhaps as high as 200 Hz.

The differences may appear inconsequential,
until it is realized that the majority of direct-
writing electrocardiographs presently in use have
a high-frequency response limit well below 100
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1. Measurement is the basic function
of diagnostic instrumentation. Thera-
peutic devices can be used concur-
rently with diagnostic instrumentation
(closed-loop) or they can be used
separately (open-loop).
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1100V
DC-I00Hz
8-100 BREATHS/MIN.
3-200LITERS/MIN.

I0pV-2mV
10Hz -2kHz

10pV-5mV
1-100Hz

0-300mmHg
0.1-200 Hz

0-300mmHg ARTERIAL
0-15mmHg VENOUS
DC-300Hz

100-800k
UNTREATED

2. Many difficulties are encountered when making measurements on the
body because of the small signal levels and low frequencies involved. The
measurement of any particular signal is further complicated by the gross inter-
action between various body signals as well as by the many artifacts present.
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Pressure transducer adheres to tooth to measure the
pressures that the lip exerts on the teeth. Because of its
thin size (0.020 inch thick) it does not affect the natural
shape and movement of the lip. Developed by Scientific
Advances, Inc., the transducer uses a fully active, four-
arm strain-gauge bridge. It requires an excitation voltage
of 3 volts, ac or dc.

Some commonly used sensors

Transducers
Variable-reluctance type
Differential transformer
Strain gauge
Thermistor
Photovoltaic cell
Thermocouple
Moving potentiometer
Expansion type

Flow probes
Electromagnetic
Ultrasonic

Biopotential electrodes
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Vector cardiograph presents 3-dimensional data
on heart activity. This Hewlett-Packard/Sanborn
1520A unit.displays either vector loops of the total
heart activity (shown on scope) or the individual
vector components simultaneously (waveforms
shown above). Sweep speeds as high as 1000 mm/s
are possible with the unit.

Hz, and much useful medical information is quite
possibly being lost as a result of this limitation.
The purpose here is not to report on the shortcom-
ings of present instrumentation, but to show that
continual increases in medical knowledge result in
constantly changing equipment requirements.

A further limitation on the usability of the
body’s signals is the fact that many of them are
measured as potentials at the surface of the body.
These are then used as indications of events going
on deep within the body. This is sometimes a very
misleading representation, because of the distor-
tion that occurs as the signal passes through the
body—which is a very oddly shaped conductor. A
great deal of research, particularly in the field of
electrocardiography, has been conducted in an
effort to determine what happens to a signal on its
way to the body surface. These studies have yield-
ed data on the characteristics and locations of the
required measurement electrodes. For example, a
simple electrocardiogram, that measures heart
potential horizontally across the chest, can be
taken with as few as three electrodes. But a three-
dimensional, or vector, cardiogram requires at
least 12 electrodes to compensate for the body’s
odd shape and to give a true picture of heart
activity. Such a vector cardiogram gives the space
and time changes of heart potentials in three
directions—horizontal, transverse and sagittal.

Sensors provide interface

In any physiological measuring system a sensor
of one sort or another acts as the interface be-
tween the living organism and the electronic
instrumentation. No matter how sophisticated or
accurate the instruments may be, the final meas-
ured value can be no more accurate than the
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Developed for the artificial heart program, this transducer
for the direct measurement of blood pressure weighs only
4 grams. The unbonded strain-gauge unit was designed
by Statham Instruments, Inc. for prolonged internal use.

sensor. And many present-day sensors still leave a
lot to be desired. :

The two major types of sensors are electrodes
and transducers. Electrodes convert the electro-
chemical biopotentials of a living organism into
corresponding electrical signals. Transducers, on
the other hand, are used to convert body phenome-
na such as heat, motion or blood flow into elec-
trical signals. While electrode technology tends to
be peculiar to the biomedical field, transducer
technology has benefited greatly from work con-
ducted in the industrial and aerospace fields. This
is not to say, though, that electrodes have to be
specially designed, while transducers can simply
be adapted from their industrial or aerospace
counterparts.

In many ways, the requirements for a medical
transducer are far more stringent than for other
types. If it is to be used at the surface of the body,
a transducer must make good electrical contact,
often during strenuous physical movement. Its
materials must not irritate the skin nor interact
electrically to produce false signals. Obviously the
transducer must respond accurately to the desired
signal, and hopefully be insensitive to unwanted
signals and artifacts. It must also not require
potentially hazardous energizing potentials.

If a transducer is for internal use, it must
conform to even more exacting requirements.
Foremost among these is that of accessibility. Its
size and shape must be such that it can fit into or
through the various organs and vessels of the
body. Further difficulties arise from the potential
danger of germs entering the body through the
openings required for transducer insertion, as
well as from the body’s natural attempts to expel
any foreign material projecting through the skin.

Nevertheless, many measurements can be made
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Hydraulic microdrive is used to implant a microelectrode
into a predetermined region of the brain or spinal column.
When used with an auxiliary device, it can position the
electrode within one micron of the desired spot. The mi-
crodrive is used in the treatment of Parkinson’'s disease,
and was developed by the Division of Research Services
of the National Institutes of Health.
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3. Blood is a moving conductor, so its flow can be meas-
ured by impressing a magnetic field across it and detect-
ing the generated emf. A gating technique in the ex-
ternal circuit removes unwanted signal components gen-
erated by the transformer action.

4. Two techniques for obtaining high input impedance in
amplifiers and preamplifiers are bootstrapping and the
use of FET input stages. In (a), an input impedance of
1 Mq is achieved by use of a bootstrapped bias network
for transistor Q1. In (b), a 10-MQ input impedance to
the amplifier is obtained by using both bootstrapping and
a FET input stage.

Fetal scalp electrode, shown here held by special forceps,
is part of the Beckman Instruments’ Fetal Monitoring Sys-
tem. Designed primarily for obstetrical and gynecological
research, the electrode is attached to the scalp of the
fetus to.measure fetal EEG, heart rate, etc.
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accurately today only from inside the body. For
example, although blood flow can be measured
externally by techniques using X-rays, radioactive
isotopes or dye solutions, a more accurate method
utilizes electromagnetic measurement right inside
the body at the blood vessel in question. Such a
technique is possible because blood is a moving
conductor. When it is made to move through a
magnetic field, an emf is generated that is propor-
tional to the strength of the field, the diameter of
the blood vessel and the mean velocity of flow.

One arrangement for such a measurement is
shown in Fig. 3. The electromagnet clamps onto
the blood vessel and the pickup electrodes are in
contact with the vessel outer wall. A basic
difficulty with this technique is that the measured
signal contains a transformer-induced voltage in
addition to the blood-flow-induced voltage. To
eliminate the unwanted transformer voltage,
which is in the form of spikes during the rise and
fall times of the transformer’s magnetic field,
gating techniques are used in the external circuit-
ry. The end result is a square-wave pulse train
whose amplitude is proportional to the blood flow.

Low-resistance metal electrodes, such as gold or
platinum, have normally been used for these
blood-flow measurements. Recent work, however,
has shown that high-resistance electrodes made of
sintered metal oxide give superior performance.
They provide a distinct reduction in artifacts
caused by eddy currents and noise.

Biopotential electrodes sense the minute poten-
tials caused by electrochemical reactions within
the body. These potentials are transferred by
movement of positive and negative ions and make
it necessary for the electrodes to operate quite
differently from simple electrical connections.
Instead, the electrodes become part of the biologi-
cal electrochemical system; they make their
connection to it through the formation or dis-
charge of ions at their surface. Poor design or
improper use of the electrodes can cause varia-
tions in contact potential that are orders of mag-
nitude greater than the biopotentials being meas-
ured.

Biopotential electrodes are usually metal con-
ductors placed in electrochemical contact with the
living organism, where electrical signals are ionic
in nature. Two basic problems stem from this
combination.

First, when current is drawn, the electrodes
tend to polarize. A severely polarized electrode
actively impedes current flow at low frequencies,
and so tends to act as a filter. This results in an
altered frequency response and signal distortion.
As a result, the system amplifier or preamplifier
plays an important role in the measurement of
biopotentials. For minimum current, its input
impedance should be at least 100 times greater
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In a cardiac physiology laboratory, heart parameters are
measured and recorded prior to major surgery with this
Hewlett-Packard /Sanborn Div. eight-channel monitoring/
recording system. After being processed by appropriate
signal conditioners, the eight channels of data are dis-
played on the oscilloscope and simultaneously recorded

than the maximum source impedance, and prefer-
ably 1000 times greater. This requires an input
impedance larger than 1 megohm for most skin
and tissue measurements, and even of 1000 me-
gohms when extremely small electrodes, with their
inherently high impedances, are used. A variety of
techniques, including bootstrapping arrangements
and the use of FET input stages, are used to
achieve these impedances (Fig. 4).

The second problem is movement of the elec-
trodes once they are in place. Such movement
agitates the ion solution beneath the electrodes
and can cause current transients of tens of micro-
volts—quite large considering that the signal
being measured is in the microvolt range. To
overcome this problem, ionically conducting
electrode pastes are frequently used to attach the
electrodes. The electrodes themselves then do not
touch the skin.

When electrodes are applied to the skin, the
area of contact is generally first scrubbed with a
solution to remove the high-resistance outer skin
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on magnetic tape. A second portable tape system is avail-
able for additional recording in the lab or at bedside. An
oscillographic recorder is also part of the system. Such
systems, which are used in most large hospitals, provide
the heart surgeon with invaluable pre-operative and post-
operative information.

layer. Some electrodes are designed to puncture
the skin, thus reaching the lower-resistance layers
directly.

Basic instrumentation used

The elements that follow the transducers in
most medical measuring systems are for the most
part basic electronic components. They include
signal conditioners, preamplifiers, amplifiers,
oscilloscopes, oscillographic recorders, tape re-
corders, and sometimes even large-scale comput-
ers. Although these items are basically the same as
their peers used in other fields, there are certain
design differences. These differences are dictated
by both the nature of what is being measured and
the technical capability of the eventual user.

Since most body signals are characterized by
small amplitude and low frequency (including de),
substantial amplification and good low-frequency
response are important features of much medical
instrumentation. Techniques involving de¢ am-
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5. Single-ended measurement technique (a) would result
in large common-mode errors if two signals were meas-
ured simultaneously and one was considerably larger than

ECG
SIGNAL

EMG
SIGNAL
ECG
SIGNAL

the other. By using a double-ended technique (b), com-
mon-mode rejection in the smaller of the two signal
channels is greatly increased.

6. Operational amplifier is increasingly used in medical
electronic instrumentation because of both performance

plifiers, low-frequency compensation and chopper
stabilization are widely used. Good common-mode
rejection is another requirement, particularly for
low-level amplification of electrode and transducer
signals. This is extremely important when simul-
taneous measurements are being made of two or
more patient parameters. For example (Fig. 5a),
if both an electrocardiogram and an electromyo-
gram are being taken at the same time and a
single-ended amplifier is used following the EMG
transducer, the much larger electrocardiogram
signal will also appear at the input to the EMG
amplifier, completely masking the desired signal.
But by using a double-ended balanced amplifier
following the EMG transducer, common-mode
rejection is enhanced (Fig. 5b).

Often the entire amplifying system is kept
balanced right up to the output. This sometimes
creates problems when a recording device requir-
ing a single-ended input is used. Additional cir-
cuitry is then required to accomplish the required
balanced-to-single-ended conversion.
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and cost considerations. These are some of the basic
op amp configurations employed.

Operational amplifiers are coming into more
widespread use in medical electronic equipment.
Even some of the major manufacturers are buy-
ing off-the-shelf op amps for inclusion in their
equipment. The reasons for this are many. Op
amps offer not only stability and good low-fre-
quency characteristics, but also are extremely
flexible and are attractively priced. Some of the op
amp configurations coming into common use in
medical instrumentation are shown in Fig. 6.

The operation and maintenance of medical
instrumentation is often just as important as its
technical capability, sometimes even more so.
Workers in laboratories and research institutions
who are familiar with electronic instrumentation
appreciate the flexibility offered by multiple
knobs, meters and switches on an instrument.
Doctors, nurses and other medical technologists,
however, have no such appreciation. They want an
instrument that is easy to set up, operate and
read. Consequently, equipment designers think
carefully before adding an additional control. = =
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SMALL
PRECISION CERAMICS
“AS FIRED"

Five years ago we made guarded
statements about meeting certain pre-
cision requirements with ‘‘as fired"’
ceramics in some configurations. Volume
production of small alumina ceramics
to close tolerances was the key to
many electronic advances. There has
been continual pressure for ever-smaller
ceramics to still closer tolerances.

About once a year we have re-
ported and illustrated our current abil-
ities in this field. Each year progress
has been made. It is based on hard
won experience, employee training
programs, specialized equipment and
ability to control more variables.

Throughout most of this period our
fast growing deliveries have not been
satisfactory to us or to our customers.
Now we feel that our staff of specially
trained people plus our greatly en-
larged production areas in both our
Chattanooga and Laurens plants en-
able us to handle new volume require-
ments in agreed production time.

DELIVERIES

We will be glad to discuss your
requirements and show you the current
state of the art in precision alumina,
steatite, Forsterite and beryllia ceramics.

PROGRESS IN BERYLLIA

It is often said that close tolerances
on beryllia ceramics are difficult if not
impossible. Small precision beryllia
components are being processed regu-
larly and in volume by American Lava.
The favorable characteristics of beryl-
lia, including its remarkable heat con-
duction, are thus available for a whole
new range of applications.

Parts illustrated approximately actual size.

CODE IDENT. NO. 70371

American Lava Corporation

PHONE 615 265-3411 « CHATTANOOGA, TENNESSEE 37405, U.S.A.

ALUMINA

°% ®0 O

Holes - .001 Hole .054 =+ .002 Thickness 055+ 005 . 388 + .002

Thickness .115 =995 Shank Dlametar

=+ .002
Thickness 0131990 1D .036 +.001  00..275 +.003  Boss Holes .016 =+ .002

Holes Diameter

Center Hole 044 + .001

191 <+ .001 Holes .093 + .003

Holes .076 -+ 001

BERYLLIA

S 5 #

Holes - Dlamater snank Len Counterbore Dia.
105 T 900 190 + 903

°e @

Holes Dlameter Holes stza
050 +

o

Shank Diameter
093 + .002

Lenlth 5325 =+ .0025

'\Q@

Thickness .075 =+ .001 Tab wmth .058 360002 c:mber 002 Max.

umn
022 + .001 x 042:1: 001

e o ® 1%
0005 All Dimensions

C.B. Depth .009 +
Holes Dia. .012 + .001 + .002

_ Counter Bore
35 + .0025

Thickness .070 1 -390

3

Hole Diameter stem .105 1 000
030 -+ .002 ==

..

STEATITE & FORSTERITE

006
1.0, 137 + 908 ;
0.0. 850 =+ .05

, _ 65th
A SUBSIDIARY OF COMPANY YEAR

For service, contact American lava representatives in Offices of Minnesota Mining and Manufacturing Company in these cities ' OF
(see your local telephone directory): Atlanta, Ga. ® Boston: Needham Heights, Mass. ® Chicago: Bedford Park, Ill. ® Cleveland, CERAMIC

Ohio ® Dallas, Texas ® Laurens, S. C. ® Los Angeles, Calif. ® Metropolitan New York: Ridgefield, N. J. ® Up-State New York and
Canada: Baldwinsville, N. Y. ® Orange, Conn. ® Philadelphia, Penn. ® Roanoke, Va. ® St. Louis: Lee’s Summit, Mo. ® South San
Francisco, Cal. ® Troy, Mich. ® 3M International: c/o American Lava Corporation, Chattancoga, Tenn. 37405, U.S.A., 615/265-3411

| LEADERSHIP

0.D. .680 -+ .003  Thickness .075 -+ .002




Medical Electronics

Many technical disciplines are involved

From circuit design to systems engineering, medical
electronics is a potpourri of electronic technologies

One of the most notable characteristics of
medical electronics is that it draws on practically
every area of electronic technology. Ultrasonics,
lasers, computers, telemetry—to name just a few—
are all being used. Often a variety of techniques
are investigated for solutions to the same problem.
But expensive as this duplication of effort may be,
it is resulting in a level of health care and medical
treatment that was undreamed of not too many
years ago.

Big things expected from lasers

An excellent example of the research required
before any technique is accepted for medical use is
offered by the laser. Over the years numerous
investigations have been conducted into its possi-
ble uses. Although the results of many of these
have been extremely encouraging, the laser is still
primarily a research tool.

= . 9 -
Biomedical engineer watches experimental laser shot at
the NIH National Cancer Institute. The shot is part of an
experimental research program to determine the effect of
laser energy on the biological behavior of tumors and
normal tissues. Workers are experimenting with five
lasers—two are cw gaseous types and three are of the
pulsed, solid-state variety. On an average day about 25
laser shots are fired.
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Nevertheless, the laser’s potential usefulness in
medicine, surgery, dermatology and dentistry is
tremendous. Its greatest promise is in the treat-
ment of malignant tumors. Laser energy affects
normal tissue only slightly and healing is usually
rapid. On certain tumors it has a selective effect
that causes regression or dissolution of the
growth. It has been found that this effect can be
induced even when only a small portion of the
tumor is irradiated. Even though laser energy is
nonionizing, this seems to indicate that the biolog-
ical effect of laser energy is not caused solely by
its heat generation. The exact etiology of this
destructive effect, however, is not presently
known.

Surgical applications are another likely area for
lasers. Already they are in limited use to weld
detached retinas in the eye and to perform blood-
less surgery. Both argon and carbon dioxide lasers
have been employed for this purpose, and post-

1. Lasers may be used to join blood vessels withou
interrupting blood flow. Blood flow in the recipient vessel
(a) is retarded by injury or disease. The donor vessel is
glued to the recipient vessel (b) and a stain applied to the
common wall. The laser beam punctures the common wall
at the spot of the stain (c), and blood flows from the
donor to the recipient vessel.
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TRANSMITTING TRANSDUCER

BLOOD FLOW

RECEIVING TRANSDUCER

2. Frequency of Doppler shift indicates blood velocity in
this ultrasonic Doppler flowmeter system. The output of
the receiving transducer is an AM signal of a modulation
frequency that is directly proportional to blood velocity.

operative healing has been reported very good.

Typical of the novel surgical uses to which the
laser has been put is that of Drs. William Yahr
and Kenneth Strully at Montefiore Hospital and
Medical Center, N. Y.' They are investigating its
ability to join small blood vessels together without
interrupting blood flow. It is hoped that this
technique will eventually serve to bring a new
blood supply to the heart or brain when the vessels
normally supplying such blood are damaged or
diseased. Such surgery can now be accomplished
only with a total interruption of the blood flow.

The technique (Fig. 1) requires a neodymium
laser; each output pulse has an energy of more
than 200 joules. As shown, the donor vessel is first
glued to the recipient vessel at a point beyond the
blockage or area of disease. This common wall is
then exposed by opening the end of the donor
vessel, and a copper sulfate stain is applied to the
area. The laser is then aimed at the stained area,
producing a hole through which blood may flow
from the donor vessel to the recipient vessel. The
stain is required because normal tissue is relative-
ly transparent to the neodymium beam. But over
the area of the stain almost complete absorption
takes place, and this leads to the wall break-
through.

Lasers are also being actively investigated for
their application to dentistry. Their principal use
so far has been for preliminary hole-drilling and
crater-making in carious teeth. The main draw-
back at present is the lack of a small, hand-held
laser applicator that is both flexible and function-
al, and that can beam the laser energy into the
oral cavity selectively.

Various researchers are now looking into the
possibility of a marriage of lasers and fiber op-
tics. Such a combination would enable laser beams
to be applied to parts of the body that were pre-
viously hard to reach. Problems to be overcome,
though, include the low efficiencies of both fiber-
optic materials and some lasers. Certain types of
laser, like the nitrogen-carbon dioxide units, have
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the necessary efficiency, but their outputs cannot
be conducted by present fiber-optic materials,
because their energy is at frequencies that are
absorbed by practically everything.

Fiber-optic probes and needles are already in
restricted use in medical applications. These
include looking into body cavities as well as study-
ing cells in muscle or similar tissue.

Ultrasonic waves treat and measure

Ultrasonics has met with variable success in a
variety of medical applications. As a therapeutic
tool, it is employed in the treatment of diseases
such as bursitis and arthritis. The high-frequency
sound waves produced by a piezoelectric transduc-
er are beamed into the affected part of the body to
generate heat.

Ultrasonics is also used to measure blood flow
and the size of internal body organs. In both cases,
ultrasonic waves are beamed at the desired spot
by a transmitting transducer, and reflected waves
are then picked up by a receiving transducer.
Either the transit time of the waves, or the phase
or Doppler shift of the received waves provides
the desired measurement. Both pulsed and cw
ultrasonic waves have been used for these applica-
tions.

The arrangement of an ultrasonic Doppler
flow-meter system is shown in Fig. 2. The lead
zirconate transmitting transducer is excited by a
5-MHz oscillator and the resulting sound waves
are beamed through a blood vessel wall into the
bloodstream. As a result of scattering by the
elements of the blood, the sound picked up by the
receiving transducer consists of both direct waves
from the transmitting transducer and scattered
waves. This composite signal is received in the
form of the direct waves amplitude-modulated by
the scattered waves. The frequency of the ampli-
tude modulation is directly proportional to the
frequency of the Doppler shift, which in turn is
proportional to the velocity of the blood. So by
amplifying and detecting the received signal, the
blood velocity is determined.

This technique has the disadvantage that it
cannot determine the direction of blood flow.
Workers at the USAF School of Aerospace Medi-
cine are now investigating a method in which
three ultrasonic transducers are used to measure
both velocity and direction of blood flow.? Besides
a transmitting transducer, two receiving transduc-
ers are needed: one for detecting Doppler shift
and the other to detect the phase shift produced
by the flowing blood. At present, both velocity and
direction of flow can be determined by comparing
recordings of the Doppler and phase shifts. Cir-
cuitry for electronic detection is under develop-
ment. (continued on p. 66)
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3. Variations in heart size can be measured with this
ultrasonic measuring system. Organ diameter is propor-
tional to the transit time of the ultrasonic pulse through
the heart. This time is equal to the flip-flop ON time plus
the fixed delay that is introduced by the monostable
multivibrator.
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A new and simple method for measuring the
diameter of an internal organ ultrasonically is
shown in Fig. 3.2 The piezoelectric transducers,
which are sutured to either side of the organ to be
measured, operate at 5 MHz. A pulse from an
avalanche-type oscillator shock-excites the trans-
mitting crystal and at the same time actuates a
monostable multivibrator. The trailing edge of the
monostable in turn sets a flip-flop. After the sound
burst has traversed the organ, it is picked up by
the receiving transducer, amplified by a broad-
band RF amplifier and applied to a Schmitt trig-
ger. The output of the Schmitt trigger then resets
the flip-flop. Total transit time, which is propor-
tional to the size of the organ, is thus equal to the
flip-flop ON time plus the fixed delay inserted by
the monostable. Variations in organ size appear as
duty-cycle modulation, and can be recorded after
filtering with a simple low-pass filter. This tech-
nique, too, was developed at the USAF School of
Aerospace Medicine Brooks Air Force Base, Texas,
and is now being used experimentally.
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Crystal oscillator provides good frequency stability.
This type is widely used for animal tracking and
narrow-band signal transmission over a range from
100 feet to several miles. Both continuous and pulsed
operation can be obtained by varying the value of
resistor R1.
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Common-emitter Hartley oscillator unit can be pulsed
or cw operated. For measuring temperature, resistor
R is replaced by a thermistor; for measuring pres-
sure, changes in pressure move core M; and for meas-
uring pH, suitable electrodes vary the dc operating
voltage. Other variables can also be measured.
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Bandwidths of several kHz are possible with these two configurations. One is a common-
base Colpitts (c) and the other a common-base Hartley (d). Both use the voltage-sensitive
capacitance between the emitter and base of transistor Q2 to frequency-modulate the
carrier. These circuits are used to transmit signals such as electrocardiograms and
electromyograms from a few feet up to about 100 feet.
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Microelectronics pursued actively

Microelectronics in various forms is already
being exploited in some medical electronic instru-
mentation, although its potential is nowhere near
full realization yet. Its attractiveness, however,
particularly for advanced biomedical research,
has stimulated intensive investigation of its possi-
ble uses.

The size and weight reductions possible with
microelectronics make it possible to use an am-
plifier right at the site of a transducer, or even to
make the amplifier an integral part of the trans-
ducer. Noise and interference effects can thus be
minimized, even when the recorder or other signal
display device is located at a considerable distance
from the transducer. Another advantage of micro-
circuitry is low power requirements, which may
make it possible to drive sensors and associated
circuitry from biological sources of power. Such
power sources, including body heat, muscle activi-
ty and chemical energy, are now the object of a
great deal of research.

The widest-ranging work in the medical micro-
electronic area is probably that being undertaken
at the Microelectronic Laboratory for Bio-Medical
Sciences, Case Institute of Technology, under the
direction of Professor Wen H. Ko. Possible ap-
plications for microelectronics in the fields of
telemetry, Dbiological stimulation, closed-loop
control, complex decision-making systems, new
transducers and novel experimental techniques
have all been investigated at the Microelectronic
Laboratory, many with outstanding results.*

One area, implant biotelemetry, is particularly
significant. Here the technique is to transmit
medical information by radio from a transmitter
inside the body to a remote receiver. Receivers
used in implant telemetry systems are usually
standard commercial units, sometimes with minor
modifications. Practically all the design effort is
therefore concentrated on the transmitters, which
must be designed to meet the special requirements
of each application.

Most contemporary transmitting units have one
or two transistor stages to perform the transduc-
er, signal-conditioning and transmitter functions.
Either FM or some form of pulse modulation is
used; amplitude modulation is not, because of the
errors introduced by relative motion between
transmitter and receiver.

Four common types of implant transmitting
units appear in Fig. 4. The circuit of Fig. 4b is the
most desirable design approach, since it incorpo-
rates the transducer and signal conditioner into
the oscillator.

With conventional solid-staté circuitry, the
complexity of implantable units is restricted by
size and weight limitations. But with microelec-
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5. Implantable piezoelectric generator uses a lead
zirconate titanate crystal to convert mechanical energy
from the heart into electrical power to drive a pacemaker.

tronic circuits, the capability and sophistication of
units is considerably increased. For example,
presently under development is an implantable
integrated-circuit unit that can monitor and
transmit 10 body parameters on a time-division
multiplexing basis. The 10-channel unit is expect-
ed to have a volume less than one cubic inch and a
weight less than 30 grams. The unit is to be pow-
ered by externally generated RF energy or by a
storage battery that can be charged by RF energy.

A six-channel FM/FM multiplex unit, weighing
15 grams, has already been built and successfully
tested at Case.

Power sources operated by the body

In the past, medical electronic instrumentation
was powered almost exclusively by conventional
electronic power supplies and batteries. But with
the advent of artificial organs and other implanta-
ble devices, new power sources were required.
Connecting wires brought through the body wall
and batteries implanted along with the devices
that they power, both have disadvantages. What
is needed is a satisfactory method of converting
the body’s own energy into the required electrical
power. A great many techniques have been in-
vestigated; some appear very promising.

A great deal of mechanical energy is available
in the human body, particularly at the heart and
lungs. One way of converting this into electrical
power is with piezoelectric generators. A genera-
tor of this type for powering an implanted pace-
maker has been developed by Carl C. Enger of
Western Reserve University School of Medicine,
and Miroslav Klain, of the Cleveland Clinic Foun-
dation. As shown in Fig. 5, the generator is im-
planted so that it receives an input of mechanical
energy from the heart beats. The ac voltage thus
produced in the lead zirconate titanate element is
rectified and stored in a capacitor until needed by
the pacemaker. In effect, therefore, the heart
powers the pacemaker, which in turn electrically
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stimulates the heart. This is possible because the
mechanical power delivered by the heart is many
times greater than the electrical energy required
for pacing.

In another type of piezoelectric generator, the
crystal wafer is in the form of a cantilever beam
suspended within a container. The beam is end-
loaded with a weight, and vibrates when the base
of the container is moved. The container therefore
transmits the mechanical motion to the piezoelec-
tric crystal while at the same time protecting it
from the corrosive and short-circuit effects of
body fluids.

The- chemical energy of the body is also being
investigated as a source of electrical power for
implantable devices. In experimental work by
Philippe Racine and Harold Massie, of Drexel
Institute of Technology, two implantable elec-
trodes, one made of platinum black and the other
of stainless steel, have successfully powered a
pacemaker. The electrode pair function as an
oxygen-reduction cell, with the platinum black
electrode serving as the cathode and the steel
electrode as the anode. At a power drain of 50 W
the voltage between the electrodes is almost 0.6 V,
and at a drain of 150 W the voltage is 0.37 V.
This is quite adequate for long-term pacemaker
use. However, during operation the steel electrode
loses weight because of oxidation. Long-term
research is therefore necessary to determine the
useful life of such an electrode pair.

The pacemaker operated by the electrodes is
shown in Fig. 6. Energy from the electrodes is
stored by capacitor C3 and applied to the circuit as
needed. Transistors @7 and Q2 make up a pulse-
forming circuit, and transistors @3 and Q4 pro-
vide power amplification. Output pulses are
stepped up to the desired voltage by transformer
T1.

Other methods being examined to power im-
planted electronic devices are radioisotope batter-
ies and RF energy radiated into the body. Most
present-day batteries used with implanted pace-
makers have a useful life of about two years. This
useful life is normally limited by chemical deterio-
ration of the battery and not by complete dis-
charge. Thus, the ability of a battery to exist in
the environment of the body must be improved as
well as its electrical life.

The possibility of using RF energy to drive low-
power implanted devices has already been proved
at Case Institute. An RF power detector unit,
consisting of three mutually perpendicular coils
and rectifying components, was packaged in the
form of a 1-cm-diameter sphere and used success-
fully to power implant transmitters. Power densi-
ties radiated toward the detector were below the
10-mW /em? safe limit established by various gov-
ernment and industrial agencies. The circuit of
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the detector is illustrated in Fig. 7.

Computer use is flourishing

If any one aspect of modern technology had to
be selected as having the greatest impact on
medicine, it would undoubtedly have to be comput-
ers. Analog, digital, large and small—all types of
computers are reaching and affecting every facet
of medicine. Some of the areas benefiting from the
use of computers are data processing, biological
modeling, physiological simulation, pattern recog-
nition and statistical analysis.

The use of computers in medical education,
although a relatively new application, is expected
to grow significantly. Computer simulation of
patients and their symptoms offers doctors and
medical technologists a matchless training oppor-
tunity. A fine example is the anesthesiological
training simulator built by Aerojet-General Corp.
for the University of Southern California School
of Medicine. The simulator comprises an instru-
mented manikin (the patient), an instructor’s
control console and a hybrid computer. The ac-
tions of the student anesthesiologist are sensed by
instruments concealed in the manikin and the
anesthetic equipment. The computer interprets
these actions in terms of a physiologically simulat-
ed patient, and displays them on the instructor’s
console.

From the console the instructor can program
emergency conditions into the manikin and then
monitor the student’s reactions.

The computer has also given researchers a
powerful tool for biological modeling. Many
investigators are establishing, refining and study-
ing computer models of the human brain, the
respiratory system, the cardiovascular system,
etc. From these models they gain a great under-
standing of the human body and how it works
(Fig. 8). Analog computers, hybrids and even
large-scale digital systems serve for these studies.

The use of computers for diagnostic purposes,
although presently limited, is the object of much
research. Already computers can analyze electro-
cardiogram signals and pinpoint abnormal heart
conditions with noteworthy accuracy. Various
clinical tests of computer analyses of ECG signals
have been conducted, and according to Dr. Jacob
J. Hirsch of the New York University School of
Medicine, “this technique will certainly excel
where large volumes of electrocardiograms tax
the endurance of the human interpreter.”

In one technique developed by the Advanced
Systems Development Div. of IBM, preprocessing
circuits search out points of interest on the ECG
and convert only these into digital form for analy-
sis by the computer. This technique reduces the
data that must be handled by the computer by a
factor of 10.
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With the success of computer analysis of ECGs,
similar techniques are being investigated for the
processing and interpretation of encephalograms,
plethysmograms (which show blood- and lung-vol-
ume measurements), and other waveforms of
physiological functions. Unlike the ECG, though,
for which a large body of data has been accumu-
lated over the years, relatively little is known
about the characteristics of some of these other
waveforms. Programs, involving the collection of
large numbers of them and their correlation with
known diseases or conditions, will therefore have
to be carried out before computer analysis tech-
niques can be applied with confidence.

For pure manipulation of statistics the digital

6. Electrode-powered, implantable pacemaker delivers
3.5-V output pulses. Pulse width is variable from 1 to 4
ms, and is set by resistor R1 and capacitor C. Resistor
R2 sets the pulse frequency, which is variable from 60
to 200 pulses/min.

Student anesthesiologists will be trained with a computer-
controlled simulator developed by Aerojet-General Corp.
This approach provides realistic training through the use
of a life-like manikin as the patient.
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computer has no peer. This capability is being put
to widespread use to analyze masses of data in the
search for trends. In Philadelphia, a computer is
at work analyzing infant mortality data sent in
from hospitals across the country. From the mass
of data on mother’s age, baby’s weight, type of
anesthesia, etc., recurring patterns are sought.
When one is recognized, further research is aimed
at pinpointing the cause of infant deaths.

In other studies, data are collected from those
suffering from cancer or heart disease, and then
analyzed for significant patterns.

Because of the high cost of large computer
systems, time-sharing is becoming popular among
hospital and clinical-laboratory users. Such a

7. RF power detector has produced a 2-mW output in a
field of less than 10 mW /cm?2. Physically, the three coils
are positioned to be mutually perpendicular, so that they
form a sphere. This allows the detector to receive RF
energy equally from any direction.
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8. Electrical analog of the cardiovascular system (shown
in black) is sufficiently accurate for use in clinical cardiol-
ogy. The heart valves are represented by diodes, the
vascular compliance by capacitance, the blood inertance
by inductance and the peripheral resistance to blood flow

by resistance. The electrical representation of four major
defects that can occur in the cardiovascular system are

shown in color. This model was developed at the Dept. of
Bioengineering, Polytechnic Institute of Brooklyn, N. Y.
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9. Three hospitals make use of time-shared computer
system in Salt Lake City, Utah. Simultaneous sending and
receiving of both analog and digital data are possible over

system is in use at California’s Kaiser Foundation
Medical Centers in San Francisco and Oakland,
where the computer, an IBM 1440, is located in
Oakland. A third center in Santa Clara is soon to
be tied into the system, and Foundation officials
hope that other centers will be established in Los
Angeles, Honolulu and Portland, Ore.

Another time-shared system is centered at the
Latter-day Saints’ Hospital in Salt Lake City,
Utah. The computer, a Control Data 3200, can be
time-shared by stations within the hospital as well
as by stations in two other hospitals. In the main
hospital, connection to the computer is through
multiple wires. Between the computer and the
remote hospitals, FM multiplexing is used on a
single, wide-band telephone line. Both analog and
digital data can be transmitted and received
simultaneously over the line. A general block
diagram of the system appears in Fig. 9.

Systems engineering being applied

Systems engineering, which has been so effective
in the aerospace field, is beginning to be applied to
medical electronics. To be sure, nothing so gran-
diose as Project Apollo has been attempted or
even considered in the medical field. But some
aerospace companies, such as North American
Aviation, are actively investigating ways in
which they can best apply their systems-engi-
neering know-how to medicine.

Ideally these techniques would be applied early
in any specific development—even, say, before a
hospital is built. Little has been done on such a
large scale, though, since electronic technology
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WIRES OR TELEPHONE COMMUNICATIONS LINK
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the communications link. The system was developed by
workers at the Dept. of Biophysics and Bioengineering,
University of Utah.

has for the most part merely been grafted onto
existing medical facilities and techniques. :

On a smaller scale, on the other hand, systems
engineering is finding its way into hospitals more
and more in the form of patient-monitoring sys-
tems. Such systems have proved of great value in
intensive-care units, recovery rooms and operat-
ing theaters, where thely continuously monitor and
display a variety of patients’ physiological param-
eters. The requirements for these monitoring
systems vary widely from hospital to hospital, so
manufacturers of the equipment all use some form
of modularization. This allows a hospital to select
from a variety of stock items and to have its own
custom system installed. A typical system for an
intensive-care unit might monitor the tempera-
ture, blood pressure, pulse and respiration rate of
six patients, and display the results on an oscillo-
scope and meters at the nurses’ station. Equip-
ment at the nurses’ station might also include
switching facilities to provide more elaborate
display of a particular patient’s condition, and
alarms that indicate when parameters exceed
preset high or low levels.

Continuous monitoring of coronary patients is
very important from a medical standpoint. Conse-
quently, coronary-care monitoring systems ac-
count for a large portion of the patient-monitor-
ing systems now installed in hospitals. Parameters
monitored by these systems include ECG, heart
sounds, pulse rate, etec. Associated equipment such
as pacemakers and defibrillators may also be tied
into the system. A defibrillator (Fig. 10) applies
an electrical shock, in the form of a high-energy
pulse, to the heart whenever its muscles contract
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incoherently (fibrillate) instead of beating rhyth-
mically. The pulse, in effect, shocks the heart
muscles back into a synchronous beat that will
pump the blood through the body. Most
defibrillators produce dc output pulses, although
some deliver short bursts of high-frequency ac.
Medical opinions differ on the relative advantages
of ac versus de, as well as on the optimum shape of
the defibrillator pulse.>¢

Systems with unattached sensors studied

Conventional physiological monitoring systems
require sensors to be attached in some way to the
subject and connected by wires to the measuring
instruments. Telemetry systems eliminate the
connecting wires, but do not remove the need for
attached sensors. For applications involving rapid
monitoring of large numbers of people or where it
is important for persons being monitored not to be
encumbered by sensors and wires, conventional
systems fall short of ideal. Various techniques are
therefore being investigated to overcome the
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11. Instrumented chair can monitor physiological param-
eters without the need for attached sensors. Developed by
the WDL Div. of Philco-Ford, the technique might also be
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10. Defibrillator delivers a dc output pulse through
discharge of capacitor C when the discharge switch is
closed. Inductor L is provided to decrease the peak
voltage, lengthen the pulse, and decrease the rate of
change of the current—all without essentially affecting
the energy content of the pulse. When the charge switch
is closed, capacitor C recharges.
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applied to examining tables, operating tables and automo-
biles for driver safety investigations. Shown here is an
early model of the instrumented chair.
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13. Kantrowitz-Avco booster pump is connected in
parallel with the arch of the aorta. When the heart con-
tracts, an electrical signal picked up by the electrodes
causes the external control unit to send a pulse of carbon
dioxide to the pump. This causes an inner bulb in the
pump to contract, and expel blood forward into the
general circulation and backward into the arteries feeding
the heart. When the heart then relaxes, another electrical
signal causes the carbon dioxide to be sucked back out of
the pump. This causes the inner bulb to expand, thus
completing the cycle.
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12. Miniature implantable pump is designed to transport
excess cerebrospinal fluid (hydrocephalus) to a point in
the head where it can be dissipated. The rotary pump is
driven magnetically by an external unit consisting of a
magnetic disk coupled by a flexible shaft to a motor. The
implantable pump, which was designed by the Republic
Aviation Division of Fairchild Hiller Corp., is 1.25 inches
in diameter, 0.43 inch deep and 1.4 ounces in weight.
Its development represents a good example of aerospace
know-how and capability being applied to the medical
field.

drawbacks of sensors and connecting wires.

Along these lines, the WDL Division of Philco-
Ford has developed an instrumented chair which
can provide measurements of ECG, heart sounds,
pulse waveforms and other parameters. Except
for conductive armrests and a microphone in the
back, the chair is of the standard “office” variety
(Fig. 11). The only requirement for measurement
is that the person be seated comfortably with his
hands resting on the armrests. Detected signals
are then applied to the measuring circuitry and
recorder through connecting wires.

Philco-Ford project officials feel that the poten-
tial applications for this technique include space
research, physician’s office screening, and automo-
bile driver safety measurements. Conductive
plastics and metal-interwoven fabrics may lend
themselves to use in this technique.

A method for remote physiological monitoring
with an X-band radar system has been investigat-
ed by the Cornell Aeronautical Laboratory.” This
work is based on the fact that various body pa-
rameters are related to movements of the body

-surface. For example, certain body movements are

associated with respiration, others are caused by
cardiovascular activity. Cornell investigators
found that by using Doppler radar techniques
they could measure these movements and achieve
a degree of correlation with conventionally meas-
ured parameters.

The transmitted signal had a frequency of 9375
MHz. It was produced by a 400-mW klystron. A
portion of the transmitted signal was used to
provide the receiver local oscillator frequency,
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making the system coherent. Doppler shifts in the
received “echoes’” were converted in the receiver
to a dec signal corresponding to range. Resolution
was a very small fraction of a wavelength. A
phase-lock scheme was used in the receiver to
eliminate sensitivity variations due to interfer-
ence nulls.

The Cornell work was of a preliminary nature,
carried out only to demonstrate feasibility and
identify areas of potential application.

Other technical specialties involved

All the technological areas just described are by
no means the only ones that are contributing to
the advance of medical electronics. Such other
disciplines as infrared and cryogenics are also
being applied to medical problems with promising
results. Even color television is being investigated
with the aim of developing a closed-circuit system
of good enough color resolution to be used in
medical education. Standard color TV does not
have sufficient resolution of reds and blues for use
in many medical teaching areas.

Artificial organs are another area where elec-
tronics is making a vital contribution. Today’s
artificial organs include:

®m Large external devices that temporarily take
over the function of a body organ. These include
artificial kidneys, heart-lung machines which take
over the functions of the heart and lungs during
heart surgery, and heart augmentation pumps
which relieve the heart’s workload temporarily by
augmenting its natural pumping action.

= Implantable parts, such as artificial blood
vessels or heart valves.

= Implantable devices, which, although they do
not replace actual organs, perform some function
that relieves a pathological condition. Typical of
such devices are drains for excess brain or abdom-
inal fluids (Fig. 12).

To be sure, most artificial organs are not exclu-
sively electronic in nature. But the techniques
used for their implantation, monitoring and
control rely heavily on electronic instrumentation.
One of the more widely publicized devices is the
auxiliary ventricle developed by Dr. Arthur Kan-
trowitz of Avco Everett Research Laboratory. A
byproduct of aerospace research, the device is
essentially a gas-powered heart pump designed to
be installed in the body and used as long as and
whenever needed. In other words, when the defec-
tive heart recovers sufficiently to operate on its
own, the auxiliary pumping action is stopped. The
pump, though, remains in place and can be re-
started at any time. The action of the Kantrowitz-
Avco auxiliary ventricle is shown in Fig. 13.

The electronics involved in the ventricular
system include the electrodes, which are attached
to the heart, and the control equipment, which
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senses the heart signals and operates the pump
accordingly. Electronics also plays a big role
during the open-heart surgery required to install
the pump. Extensive monitoring systems are used
to measure and record twenty or more patient
parameters during the operation.

Mechanical devices for totally replacing the hu-
man heart are also being investigated by various
groups. Unlike augmentation devices like the Avco
pump, it is envisioned that these pumps will be
placed in the cavity that remains after removal of
a patient’s worn-out heart. They will then take
over the function of the heart completely. One
group currently investigating such a device is
located at The School of Medicine, Indiana Uni-
versity.

The many examples cited in the preceding pages
go to show how vital and dynamic the medical
electronics field is, constantly drawing, as it does,
on the technical developments of many different
disciplines. Researchers are forever on the lookout
for new electronic techniques and equinment with
medical potentials. The electronics industry, for
its part, is increasingly aware of the market
potential of medical electronics. Together these
factors indicate a healthy environment for inno-
vation and growth. Many areas of medical elec-
tronics which today are still largely developmental
will undoubtedly find their way into widespread,
practical use tomorrow. It is, then, to the design
engineer’s own ultimate benefit that he should
make a point to keep abreast of progress. = =
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...especially our new metallized polycarbonates!

TRW has now extended its leadership in f

itors to include metallized polycarbonate types.
features of the X463UW are outstanding. Precise pro-
cessing assures low TC through temperature ranges to
125° C. Metallized construction reduces size to less
than one half that of film-foil designs. Other features
of the line include:

= Capacity range from .01 to 10.0 mfd

= Low dielectric absorption

» Available in tolerances to &= 1%

* Humidity resistance per MIL-C-27287

For full information contact: TRW Capacitors,
Box 1000, Ogallala, Nebraska. Phone: 308-284-3611 -
TWX: 910-620-0321.

TR w CAPACITORS
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EDITORIAL

Needed: A way to tame
the gypsy in us

Talk to personnel recruiters and their most common complaint
today is that engineers who are job hunting seem interested in
only one thing: how much does the job pay? Too often, they say,
applicants show little or no interest in the company and their
future in it.

Why ?

If we examine the records of most companies engaged in gov-
ernment and military work, one thing becomes clear: the engi-
neers in such companies are expendable. That is to say, their
number fluctuates, often wildly, in proportion to the contracts
that the companies receive. Mass engineering layoffs are not
uncommon. To assume that only “bad” engineers are caught up in
such layoffs is unrealistic.

This situation is not calculated to give engineers confidence in
their futures, particularly since the companies involved consti-
tute a majority of all those in the electronics business. How can
applicants listen seriously to stories about pension plans and
other future benefits in such companies, if their realistic tenure is
measured in terms of a few years?

Engineers swept up in this job lottery roam the country today
like modern gypsies. They work a few years here, a couple there,
all the time repeating : “How many kilobucks does it pay—now ?” .
By the time they are 45, most companies list them (unofficially, of
course) as old men of the industry, obsolete and not fit for hiring.
What a waste of manpower at a time when engineering ‘‘short-
ages” are said to exist!

Yet, what’s the solution? So far the electronics companies have
not come up with anything more constructive than general state-
ments to the effect that there is always demand for “good” engi-
neers.

For years professional baseball players faced similar uncer-
tainty. Their tenure with any one team was uncertain (it still is),
their employable lifespan short (it still is). But today they have a
stake in their “industry,” no matter how many teams they play
with. They have an industry-wide pension plan—a guaranteed
future.

The analogy may not be as farfetched as it may seem to engi-
neers. An industry-wide engineering pension setup wouldn’t be a
full solution to the problem of gypsy engineers, but it could be a
meaningful start.

So far as “age obsolescence’” is concerned, some companies do
have educational programs to update engineers. But often these
programs are lacking. It should be a function of engineering
societies—or perhaps even a new, more active society—to see
that refresher courses are available industry-wide.

What do you think?

PETER N. BUDZILOVICH
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GREGARIDUS !

The tighter you cram little Turbowrap™ wires together, the
happier they are. Kynar and polysulfone insulation make them as
tough in tight spots as much bigger wires.

Think of the opportunities that Turbowrap 312 (with Kynar) and
Turbowrap 412 (with polysulfone) open up for higher-density wiring.
Made in sizes as small as 30 AWG, with walls as thin as .004” —
these wires zip through automated wire-wrap operations with
never a jam, skip, nick, short or break. And they perform

faithfully, once in place.

Special thin-wall extruding techniques, plus the fine electricals
and mechanicals of the insulation, have made it possible for
Brand-Rex to produce small O.D. wires with excellent
cut-through resistance.

Looking for ways to put more wire into less space ? Call on our
tough little extroverts, Turbowrap 312 and 412.

AMERICAN [E{A CORPORATION
BRAND-REX DIVISION

WILLIMANTIC, CONNECTICUT 06226
PHONE 203 423-7771
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Thin laminates used in multilayer PC boards
are bonded together with fiberglass. Page 84

i

The effect of changes in monolithic-IC design
is rapidly evaluated by computer. Page 78

Also in this section:

Measure C and R of forward-biased diodes with standard test equipment. Page 92
Thermistors team with Diacs and Triacs in three motor speed control circuits. Page 98
Pinpoint profits during incentive-contract negotiations with a nomograph. Page 104
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Design a better integrated circuit than those

available off the shelf. A computer program can help you
suggest circuit changes without using a breadboard.

In the analysis of monolithic integrated circuits,
a computer program can help the design engineer:

®= To understand the behavior of a designed
circuit.

= To predict its performance as well as that of
the system of which it is a part.

m To predict the effects of modifications.

Understanding circuit behavior is an absolute
necessity, because laboratory testing of either
discrete-component breadboards or prototype
monolithic samples provides insufficient informa-
tion. Discrete components lack the parasitics
associated with their monolithic counterparts;
terminal testing of monolithic circuits gives no
indication of internal voltages and currents.
Figure 1 compares discrete and monolithic tran-
sistors and resistors.

The monolithic circuit in this illustration uses
p-n junction isolations. (Most commercial mono-
lithic circuits use this isolation technique with
reverse biasing.) But the parasitic capacitances
resulting from these isolations can impair tran-
sient response. To predict the transient behavior of
a monolithic circuit accurately, series resistance
in both collectors and diffused cross-unders must
be taken into account. As will be shown, these
parasitics and the characteristics of active ele-
ments used in monolithic circuits can be readily
determined.

A system’s performance can be predicted and
evaluated by analyzing the interaction of several
circuits, which may be treated as one large ma-
trix. If it is apparent that one circuit needs to be
modified to improve system performance, the
effects of various design alternatives can be readi-
ly predicted with such computer-aided analyses as
those made with NET-1. A computer-aided ap-
proach saves both time and money, particularly
when more than one design must be evaluated.

Active elements must be modeled adequately

To obtain meaningful results from a computer

Philip Spiegel, Senior Principal Engineer, Electronic Data
Processing Div., Honeywell, Inc., Waltham, Mass.
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analysis of a monolithic circuit, the active ele-
ments comprising the circuit must be adequately
modeled. And parasitic effects have to be included
in the model. It is these requirements that have
often prevented integrated-circuit users from
analyzing their circuits. The parameters of the
individual devices on a chip can, however, be meas-
ured on chips specifically designed for this pur-
pose. No special equipment is needed other than
the test instruments normally used for incoming
inspection of transistors. A competent reliability
department is capable of making the measurements
routinely.

Semiconductor manufacturers can supply chips
on which each individual transistor is equipped
with its own set of bonding pads (see Fig. 2). The
semiconductor manufacturer can prepare these
chips in two ways: A special metalization pattern
can be substituted for the routine production
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1. Do not overlook the isolation diodes associated with
integrated devices; they can impair transient response.
Even a resistor has a parallel associated diode. The
simulated integrated version (b) contains two associated
diodes that the simulation of discrete components (a)
does not require.
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metalization, thereby producing a whole wafer of
bonded-out chips. Or, the special metalization
patterns can be incorporated into the regular
production mask as test patterns. Thus, every
processed wafer contains hundreds of working
chips and four bonded-out chips for testing pur-
poses. These test chips are packaged in flat packs
or metal (TO-5) cans to facilitate handling and
electrical measurements.

Device parameters worked out with these
bonded-out monolithic transistor samples satisfy
the requirements of the NET-1 analysis program
and can be added to the user’s NET-1 library tape.

NET-1 uses an Ebers-Moll (T equivalent) mod-
el for its transistors. Though the program’s user
cannot tamper with the configuration of this mod-
el, he can state the values of its parameters. If
this is done skillfully, integrated-circuit transis-
tors and diodes, and all passive components can be
accurately simulated.

The NET-1 transistor parameter determina-
tions used to analyze monolithic circuits are:

® Normal and inverted betas. These are meas-
ured directly with a transistor curve tracer.

® Other dc parameters. These are obtained from
Ver and Viegsary measurements for four  sets
of I, and I;. (A FORTRAN program that per-
forms the necessary calculations and checks the
results was written in-house.)

m Intrinsic transition capacitances. These are
computed from terminal capacitance measure-
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2. Special bonding pads connect to the individual tran-
sistors (left). These special chips, prepared by the inte-
grated circuit manufacturer, make it easy to make param-
eter determinations for the NET-1 models. The special
chips can be manufactured as test patterns on a wafer
along with the regular production chips (right). This one
has two transistors and one resistor that have been
bonded out and connected to its header. Routine tests
then provide information for NET-1.
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ments with a correction made for package capaci-
tance.

® Gain bandwidth. This is measured for various
Is, Ve points on a 100-MHz test set.

s Storage time. This is measured with a fast-
rise pulse generator and a sampling oscilloscope.

Approximations simplify analysis

The shunt leakage resistances are simply called
10 M@ to ensure rapid solutions. Actual measured
values for silicon epitaxial planar devices are sev-
eral orders of magnitude larger, but when such
values are employed in the model, NET-1 may not
achieve a convergent solution.

NET-1 treats parasitic effects as they actually
appear in monolithic circuits—as diodes with
voltage-dependent capacitance. (The collector-
substrate diode is shown in Fig. 1b.) Their for-
ward I-V characteristics are not critical, as they
are normally reverse-biased. Transition capaci-
tance values are obtained during the transistor
measurement program: 0.1 to 0.2 pF/mil* of
collector area are typical values. Series resistance
of these diode models is considerably larger than
that of real, discrete diodes: it ranges from 100 to
2000 ohms.

Perfect representation of the resistor-to-isola-
tion diode, which is distributed over the entire
area of the resistor, would require the use of an
infinite number of incremental diodes. But the
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3. Derive the resistance, and equivalent capacitance of
the distributed diode, directly from measurements made
on the masks of the integrated circuit. The resistance R of
an integrated resistor equals the nominal resistance of a
diffused square (usually between 120 and 200 ohms)
multiplied by its length and divided by its width. The
expression for capacitance/unit area, C, /A;, used to
determine the value of the simulated capacitors that
substitute for the distributed diodes, can be measured on
any transistor on the chip. C,, is the transistor’s collec-
tor-to-base capacitance and A, is the junction’s area.
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4. Sampling scope probe tests the storage time of each
bonded-out transistor. This information is used to update
the T-equivalent transistor models in the NET-1 library.
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5. The NET-1 (solid) waveform barely deviates from the
actual (dotted) collector voltage.

é O 0 Neze 5
CIRCUIT ELEMENT NET-! MODEL
6. NET-1 cannot handle a multiemitter transistor, so

simply add two diodes to a single-emitter transistor to
simulate the former’s properties.
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NET-1 uses Ebers-Moll models

NET-1 is a circuit analysis program that is
applicable to a wide variety of circuits; it is
readily available from the Los Alamos Sci-
entific Laboratory, N. M. (see “Check de-
sign program availability,” ELECTRONIC
DESIGN, XIV, No. 23 (Oct. 11, 1966), pp. 76-
80). It performs both steady-state and tran-
sient analyses, and permits up to 200 nodes.
The computer input is a description of the
circuit schematic where the allowable ele-
ments are R, C, L, M, voltage sources, junc-
tion transistors and junction diodes. Transis-
tors and diodes are described by Ebers-Moll
models, their parameters stored on a library
tape for convenience. The library tape’s
parameters can be replaced with alternatives
as part of the input; new device parameters
also may be added by the user. An optional
feature enables output variables and func-
tions of these variables to be plotted auto-
matically. The program was developed at Los
Alamos by Allan F. Malmberg. A FAP lan-
guage version is available for IBM 7040/44
and 7090/94 machines; the manual for this
version of NET-1 is Report LA-3119 of the
Los Alamos Scientific Laboratory.

inadequacies of man and machine make it expedi-
ent to use only two (Fig. 3). When one side of the
resistor is tied to either V.. or ground, the diode
on that side can be eliminated (see Fig. 1b).

In monolithic circuits, transistor bases and
resistors are diffused simultaneously. Therefore,
the resistor-isolation diode capacitance per unit
area will be the same as that of a transistor’s C..
Typical values are in the 0.2-to-0.4-pF/mil* range.
This capacitance can thus be calculated from the
area of each resistor; the areas can be calculated
directly from blueprints of the mask layouts.

In the course of using NET-1, analytic and
experimental results were compared. One of these
checks involved a storage time test on the circuit
of Fig. 4. The waveform of collector voltage
observed on an oscilloscope and that plotted auto-
matically from the NET-1 output are superim-
posed on the same scales in Fig. 5.

The Ebers-Moll model is evidently adequate for
a saturated silicon epitaxial planar transistor; the
parameter determinations made with the bonded-
out chips are accurate. Actually, the assumptions
of the Ebers-Moll model' are reasonably well
justified by transistors fabricated in monolithic
circuits. As long as there is little variation in the
parameters, which are treated as constants over
the transistor’s operating range, a monolithic
transistor’s transient behavior will be predictable.
It is fortunate that a transistor model with only
eleven branches is sufficient. Other models with as
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NET-1 picks the right mask change

A circuit that was not meeting dc voltage
specifications did very well in propagation
delay. Five possible changes in the metaliza-
tion mask to alleviate the problem were
suggested to the integrated-circuit manufac-
turer, but it was not clear what adverse effect
each change would have on the propagation
delay.

If five different metalization masks had
been made, and five sets of experimental
samples processed and evaluated, the cost
would have been at least $2500, based on
industry estimates.” Moreover, it would have
taken a minimum of six weeks before infor-
mation about the final form of this circuit
would have been available.

The five proposals were analyzed by NET-
1 and the one that offered the best compro-
mise between voltage and speed was chosen.
The cost was $500 for computer time and the
final decision was known in one week.

In a case such as this, where a manufac-
turer’s product does not meet all the buyer’s
specifications, computer-aided circuit analy-
sis can be economically used to propose
the modifications required.

many as 38 branches? have been proposed to
handle the distributed nature of high-speed tran-
sistors, but the use of such a model would serious-
ly reduce the size of circuits that could be ana-
lyzed. NET-1, for instance, can handle only 200
branches for a transient analysis.

Two tricks reduce simulated circuit size

Even with the program’s compact device mod-
els, a monolithic circuit or subsystem will often be
too large for a NET-1 transient analysis. But the
size of the circuit can be reduced without much
sacrifice in accuracy by means of two expedients:

= Portions of the circuit that do not affect tran-
sient response can be replaced by their Thevenin
equivalents. A steady-state analysis of the original
large circuit will reveal the voltages and currents
needed to specify the Thevenin source and resist-
ance.

® Parasitic diodes, especially the pair that ap-
pears at a collector (Fig. 1b), can be replaced by a
single, simulated capacitor with a fixed value that
is a function of the voltages across the original
diode. Again, the steady-state analysis of the
original circuit is a valuable source of informa-
tion.

These two substitutions can substantially re-
duce the total number of branches and, hence,
the computer storage requirements.

Some programs, like ECAP, operate with a

ELECTRONIC DESIGN 4, February 15, 1967

transistor model of as few as three or four
branches. But this restricts the user: it requires
him to know the operating state (cut-off, active or
saturated) of the transistor. Nevertheless ECAP?
is very useful because it includes automatic worst-
case calculations, parameter sensitivity, and other
analysis features, especially where amplitude vs
frequency is desired.

Discrepancies will occur between predicted and
observed performance of monolithic -circuits,
when the parameters obtained from samples of
one wafer deviate significantly from those of
another wafer. The analyst is cautioned to antici-
pate this and set up his analyses to obtain mean-
ingful comparisons rather than absolute predic-
tions. It also is extremely important to remain in
close communication with the semiconductor
manufacturer so that appropriate parameters can
be changed in a simulated circuit to correspond to
the manufacturer’s changes in device geometry or
processing.

NET-1 can be adapted to most logic

Not all logic can be directly handled by NET-1,
but an imaginative user can often overcome the
program’s limitations. High-level transistor-
transistor logic +° for instance, uses a multiemit-
ter transistor. This presents a problem, because
NET-1 provide for analysis of single-emitter
transistors only. The use of additional diodes
solved this problem (see Fig. 6). The diode param-
eters are the same as those obtained for the tran-
sistor’s emitter-base diode. When these diodes are
considered to be reverse-biased in the computer
calculations, accurate transient analyses are
obtained. ,

Linear, as well as digital, circuits can be ana-
lyzed with NET-1. In one case, it was used to
simulate a sense amplifier, which was part of a
monolithic 16-bit memory.® Parameter measure-
ments were made on bonded-out transistors and
fed to the program just as in the foregoing digital
example. = =
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7 LOOK TO THE LEADER
IN INTEGRATED CIRCUITS

Reduce system costs with T/

Tl linear integrated circuits mean
fewer system components, less as-
sembly and test time, increased
manufacturing efficiency. In short —
reduced system costs. Now you get
improved performance and increased
reliability, too, in such circuits as the
- Series 75 and Series 72 amplifiers
I described here.

L

Series 75 magnetic-core
sense amplifiers

Each of these new amplifiers for magnetic

core memories replaces a whole circuit

L board of transistors and passive compo-

| | - nents. The SN7501 circuit shown in

id JI Figure 1, for example, contains 18 tran-
N

-
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INPUTS

P
T
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:I' l p——o RESET sistors, 25 resistors, four diodes and one
% capacitor in a single tiny chip of silicon.

&1 :T:l"—"smﬂf Cost is only about 80 percent of a com-
parable discrete-components circuit.
Soldered connections are reduced by more
than 90 percent — resulting in greatly im-
proved reliability.
Figure 1. Circuit diagram of the SN7501 sense amplifier. ‘Performanc'e is excellent, as §hown 1
Figure 2. Series 75 sense amplifiers are
W recommended for core memory applica-
tions with cycle time as low as 0.7 psec.
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TYPICAL CHARACTERISTICS

Input threshold voltage level 10-30 mV INPUT
“Off" output level 32V

The SN7500 is a complete monolithic sense

“On" output level 03V INPUT amplifier that includes both strobe gate
:23‘3 i‘,:';:g:::ie""set Sl - ° and pulse-shaping output circuits as shown
Propagation delay 60 nsec in Figure 3. It detects low-level bipolar

Overload recovery 100 nsec ST differential input signals, discriminates
Common-mode rejection

SN7500 2V oUTPUT between those representing logical “1” and

SN7501 1V SoNAL - logical “0”, and converts them to logic

o Se?aﬁ?f SE 0° tol]/j_ Vmoc e levels compatible with standard integrated

i I circuit logic, including TI’s Series 54 TTL.

: : e - : . The amplitude-discriminating sense
Figure 2. Series 75 sense amplifiers. Figure 3. Functional block diagram of SN7500 amplifier incorporates a threshold circuit
with a narrow region of uncertainty. A

i REF Ve u:;n § gL /,M-\\ strobe input is provided so the threshold

detector can be activated when the signal-
to-noise ratio is at maximum during the
system read cycle, and is inhibited during
the write cycle.

R
i
1
]
i
ONE. L it
A The SN7501 performs a similar sense
]
e :
i
¢

145 I3 ST 10N 0 e g |

amplifier function, but also includes an
externally adjustable threshold voltage and
a flip-flop output. Since the flip-flop is
externally set at zero, the output pulse
width can be accurately controlled. The
flip-flop can be used for temporary data
storage.

O o—

7

L e 1 52 4
Gnd Ve STROBE, 6

D

1
' Ve STROBE

Figure 4. SN7501 incorporates flip-flop Figure 5. SN7502 includes one-shot.

The SN7502 sense amplifier includes an

internal one-shot multivibrator, providing

a negative-going output pulse when trig-

gered by the threshold detector. The

single-ended output lends itself readily to
21934 performing DOT-OR logic.
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linear integrated circuits

Series 75 circuits are available in the
standard TO-84 flat pack, or the transistor-
type TO-100 package shown in Figure 6.
The SN7500 is also available in a military
version (SN5500) for operation in envi-
ronments of =55° to +125C°. Severe tem-
perature versions of the SN7501 and
SN7502 are also available.

Circle 25 on Reader Service card for
product bulletins.

Series 72 high-performance Characteristic SN725 | sN726

differential/operational
amplifiers Gain, Open-loop, dB 88 60

Now you can get both discrete-component Input-voltage Offset, mV 1 3
performance and integrated circuit reli- Temp. Coefficient i
ability in differential/operational ampli- Input-voltage Offset, uV/°C 5 10
fiers from Texas Instruments. Figure 7 Input-current Offset, xA 0.3 0.03
shows that performance of SN725 and Common-mode Rejection, dB 100 80
SN726 integrated circuits are comparable Output-voltage Swing, V +8 +5
to discrete-component amplifiers. Output-current Peak, mA 1 10
The SN725 differential amplifier features Input Impedance, megohm 0.1 2
an open-loop gain of 88 dB, yet it is un-
conditionally stable when used with two

external capacitors in the frequency-re-
sponse-shaping network.

The SN726 high-performance operational
amplifier features a class-B output stage
to give a 10 V swing with a 600-ohm load.
A Darlington-connected transistor pair +12V TNt BEEERENTAL

OUTPUT 1
gives an extremely high input impedance. 5 t

In both circuits, transistor pairs are ] ]
close together for improved differential-
input voltage offsets and temperature-drift o i ol - .
characteristics. Improved collector satura- INPU-TS e g i
tion resistance provides high output cur- | OUTPUTS :
rent and voltage capability. Both ampli- ' $_
fiers allow = 5 V common-mode input S >3 ‘LX—"
signals before overloading, and there is no % = 1
danger of latch-up from noise or output Ty DIFFERENTIAL ——o COMPENSATION
feedback.

For less demanding applications, the “external capacitance
SN723 differential amplifier or SN724 op- . e . ; : = -
erational amplifier may be used at a con- Elr%t;:ieﬁetri. Circuit diagram of SN725 differential Elrf\;:?fig; Circuit diagram of SN726 operational
siderable saving in cost. 3 :

TI differential and operational ampli-
fiers are available for two temperature
ranges. Series 72 is recommended for 0°
to +70°C, while Series 52 covers the full
military range of -55° to +125°C.

Circle 26 on Reader Service card for

more information on Series 72 and 52
integrated circuits.

Choice of Packages

TI linear integrated circuits are available
in either of the package types shown in
Figure 6 — The time-proven TO-89 flat
pack or the transistor-type TO-100 pack-
age. Both packages feature hermetic seals
for high reliability in severe environments. SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND « NICE, FRANCE » FREISING, GERMANY  DALLAS, TEXAS

Figure 6. Package types for Tl Figure 7. Typical Performance of integrated differential/oper-
linear integrated circuits. ational amplifiers.

out

TEXAS INSTRUMENTS

INCORPORATED
13500 N. CENTRAL EXPRESSWAY
P. O. BOX 5012 * DALLAS 22, TEXAS
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Explore thin-laminate properties
and limitations to find the proper combination of materials
and processing steps for multilayer board design.

Part 2 of a three-part series*

Multilayer printed circuits are the result of
combining three distinctly different raw materi-
als, in two different physical states, into one
compact package. The thin laminates used are a
working balance of conductive copper foil, insu-
lating and bonding polymer material, and sup-
porting and stabilizing glass fabric. Various
combinations of materials and processing steps
are possible; the proper combination will achieve
the desired design objectives at the best cost and
highest production yield.

A multilayer printed-circuit board basically
consists of two or more thin, copper-clad epoxy-
glass laminates bearing specific circuit patterns.
These laminates are bonded together with prepreg
—a woven fiberglass cloth that has been impreg-
nated with epoxy resin and partially cured (Fig.
1). The final three-dimensional package consists
of copper circuits housed securely in an epoxy-
glass package.

Thin laminates for multilayer boards have
different characteristics from conventional 1/16-
inch-thick boards, and therefore require different
design specifications. Due to their thinness, they
have a large surface-to-volume ratio resulting in a
higher degree of water absorption and lower
volume, resistivity. The boards have very little
rigidity (flexural modulus and flexural strength)
before they are laminated together. They must be
clean, bondable and capable of being heat-cycled
repeatedly.

Design criteria for copper-clad laminates

Epoxy resin is employed as the base material
for such laminates because of its high bond
strength with copper foil, its resistance to
processing chemicals and heat, and its strength,
dimensional stability and superior electrical

*Part 1 of this series on plated-through multilayer
board design (“Ten steps to multilayer board design,”
ED 3, Feb. 1, 1967, pp. 54-59) described the design steps
from system concept to layout drawing.

Benson Zinbarg, Vice President, New England Laminates
Co., Inc., Stamford, Conn.
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properties. Woven fiberglass cloth is used as the
reinforcing agent likewise because of its great
strength, its thermal and chemical resistance, and
its electrical properties.

Two types of copper foil can be bonded to the
laminate. Both are electrolytic-grade foils: one is
rolled into a foil from an electrolytically purified
cake, the other is electrolytically deposited direct-
ly from copper salt solutions onto steel drums that
act as both the cathode and the foil former. Most
laminates for multilayer use employ the latter
type of foil both because of its good bond strength
to the laminate and its resistance to plating solu-
tions. Both foils are treated in a secondary opera-

1. Copper-clad laminate assembly uses fiberglass cloth
preimpregnated with epoxy resin to make up the laminate
base and to bond the copper foil to the epoxy glass base.
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irregularities in laminate thickness.
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tion to improve bond strength.

Thickness and thickness tolerances for multi-
layer laminates are usually designated by the base
thickness plus foil thickness, rather than the over-
all thickness as in the case of conventional 1/16-
inch-thick laminates. Table 1 shows a schedule of
tolerances for both normal and tight-tolerance
laminates.

The thickness of the laminate is controlled by
all three materials in its construction—copper
foil, glass fabric and polymer. By the same token,
the tolerance on this thickness is controlled by the
same three variables plus the laminator’s tech-
nique and equipment.

The basic glass cloth must be woven uniformly.
An example of a nonuniform weave of fiberglass
cloth of one basic construction is shown in Fig. 2;
such a discrepancy in the weave will affect the
thickness of the laminate in its localized area. The
cloth must also be impregnated very uniformly so
that there are no unwanted build-ups or resin-
starved areas. This resin-glass combination is
laminated against copper foil; therefore, the foil
employed in the manufacture of a thin, close-
tolerance laminate must be very parallel. If the
copper foil varies in thickness, so too will the base
laminate.

3. Unimpregnated fiberglass is soft and pliable (top) while
impregnated glass cloth (bottom) is inflexible.

ELECTRONIC DESIGN 4, February 15, 1967

Obviously, the laminating press must be ex-
tremely well built and controlled to maintain near-
perfect alignment. Moreover, the caul plates,
against which the laminates are pressed, must be
flat and parallel.

Owing to variations introduced by these fac-
tors, Class-II-tolerance laminates are usually
made available in small-sheet or -panel sizes
rather than full-sized twelve-square-foot sheets.
Often the periphery of the Class-II sheet is
thinner than the rest of it and is therefore re-
moved. Measurements of less than one ten-thou-
sandth of an inch are not accurate when employing
deep-throated micrometers, so the quality assur-
ance of small measurable panels is greater than
that of larger sheets.

Length and width of thin laminates usually
range up to 36 inches by 48 inches. Tolerances on
these dimensions are plus or minus 1/16 inch; on
cut panels less than 18 inches by 18 inches, the
tolerances are plus or minus 1/32 inch.

Various factors affect dimensional stability

Dimensional stability of thin-based printed-
circuit boards for use in multilayer packaging is
absolutely essential. Most thin laminates will
either shrink or grow during the etching opera-
tion. For most multilayer applications, this dimen-
sional change should be kept to less than 0.0006
inch per inch; for close tolerance work where fine
lines and many layers are employed, there should
be as little as 0.0003-inch-per-inch change.

Dimensional stability is governed primarily by
the proper use of glass fiber reinforcement and
controlled impregnation of that fiber structure
with a resin system that will not creep when fully
cured. The epoxy resin must have a sufficiently
high functionality (high degree of chemical reac-
tivity) to ensure a highly cross-linked polymer
structure.

The proper reinforcing fiberglass fabric must
be selected carefully; it is of the utmost impor-
tance that it be impregnated thoroughly, and not
simply be coated on the surface, with the epoxy
resin. Figure 3 illustrates the effect of impregna-

Table 1. Thickness tolerances

Thickness tolerances of
copper-clad sheet after
etching.(= in.)

Nominal thickness
excluding copper

Inches Class | Class Il

0.002 up to 0.0045 0.001 0.0005
over 0.0045 up to 0.006 0.0015 0.0010
over 0.006 up to 0.012 0.002 0.0015
over 0.012 up to 0.032 0.003 0.0025
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Table 2. Recommended bonding
strength for copper field

Copper foil Copper thick- Bond (min)
weight (o0z) ness (in.) (Ibs/in.)
0.5 0.0007 6
1 0.0014 8
2 0.0028 10
3 0.0042 12

tion on the woven fiberglass cloth. If a full wet-out
of the fibers (encapsulation at the microscopic
level) is not attained in the impregnation opera-
tion, it is very difficult to achieve a uniform, stable
laminate after the pressing operation. During
impregnation of the glass cloth, the woven fiber-
glass should not be stressed or distorted; it should
be processed very gently.

The epoxy resin system that is employed should
be chosen for the specific end use that it will
encounter. It must be properly catalyzed so that
the proper degree of polymerization and cross
linking will occur to bind the reinforcement into a
dimensionally stable package. During the pressing
stage, the resin must be brought to a complete
cure, so that no further shrinkage can take place

Table 3. Specs for surface defects*

Largest dimension (in.) Permissible frequency

0.010 to 0.020
0.021 to 0.030
0.031 to 0.050

10/ft2 (avg)
6/ft2 (avg)
1/ft2 (avg)

over 0.050 1 /full sheet (max)

*Proposed by the Industrial Laminate Advisory Technical Committee
of the National Electrical Manufacturers’ Association.

should the resin be subjected to further curing
during a subsequent operation.

Bond strength between the copper foil and base
laminate is important in order that the thin lines
and small pads are kept from shifting and detach-
ing from the laminates. This property is governed
primarily by the chemistry of the laminating
resin. It is also controlled to a great extent by the
finishing treatment given to the copper foil. This
treatment is the coupling agent between the
laminate and the pure copper, to which it is
difficult to make a bond.

The adherent properties of the treatment fluc-
tuate. Atmospheric conditions to which it is ex-
posed prior to laminating will affect those proper-
ties: summer environments of high humidity and

4. Dents, creases, scratches, fingerprints and mishan-
dled corners on the copper foil are common defects stem-
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ming from improper handling of the fragile thin laminate.
Specs for surface defects are in Table 3.

ELECTRONIC DESIGN 4, February 15, 1967



Table 4. Significance of foreign matter

Largest dimension (in.) Point value
0.001 - 0.003 1
0.004 - 0.007 2
0.008 - 0.012 3
0.013 - 0.020 5
0.021 - 0.030 10
0.031 - 0.040 15
0.041 - 0.050 25

over 0.051 51

warm temperatures generally affect them most
adversely. For this reason, and because of the
need to keep all materials free of contamination,
the bond strength of the metal conductors fluc-
tuates. Owing to the small thickness of multilayer
laminates, bonding strength is critical; recom-
mended values are shown in Table 2.

Pits, dents, scratches and creases defined

The surface finish on the copper should be less
than 20 microinch and should have a minimal
number of surface defects. These defects are
usually pits, dents, scratches and creases (Fig. 4).

Pits are defined as small holes in the copper foil
that decrease its thickness but that do not pene-

5. Random oxide transfer stains may appear on thin lami-
nates after the foil has been removed by etching.
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trate completely through it. Dents are defined as
depressions in the copper foil that have been
caused during the laminating process and do not
significantly reduce the thickness. Creases are
defects that are peculiar to thin laminates. They
are gentle dents or bumps caused by handling.
Slight ones are generally not a defect, but sharp
creases cause rejects during the photoresist opera-
tion. Visually the slight dents and bumps are
obvious and appear to be undesirable, but func-
tionally they do not reduce the utility of the lami-
nate. Proposed specifications on pits and dents are
outlined in Table 3. This specification is very
broad and many circuit people can and do work to
tighter tolerances.

Since the laminates employed in multilayer
packaging are very thin and often many of these
laminates are combined, the optical properties of
the laminate must be excellent. The laminates
should be very translucent; on examination they
should exhibit a minimum of foreign matter. The
laminator’s trademark, a requirement in heavy
military-grade laminates, should not be used
because it interferes with the visual examination
of the finished three-dimensional printed wiring
board and can also cause electrical malfunctions.

Thin laminates are particularly prone to discol-
oration which appears as brownish or purplish
streaks and smudges after the foil has been re-
moved by etching (Fig. 5). The stain is a transfer
of the textured treatment found on the bonding
side of the copper foil. This treatment is put there
by the foil manufacturer to provide a good bond-
ing surface. However, when thin laminates are
manufactured, this treatment sometimes becomes
embedded in the resin and leaves a permanent
brown stain which can cause electrical failures at
high frequencies. This defect should therefore be
held down to approximately three per cent of the
laminate area. At present it is difficult to obtain
laminates completely free of this condition.

At times, staining is accompanied by voids or
blisters in the surface of the laminate. These
should be ruled out by specification because they
can lead to electrical failures caused by the voids’
trapping processing chemicals that are conduc-
tive.

Foreign matter—carbonized resin, lint and
extraneous substances—cannot be completely
eliminated with present state-of-the-art manufac-
turing techniques. A chart describing such parti-
cles and their relative significance in material
specification is shown in Table 4.

A normal thin laminate (Class II) is allowed to
have up to 50 points per square foot, and a very
special multilayer package requires a premium
thin laminate (Class I) with a maximum of 10 or
15 points per square foot.

A rapid check for foreign-matter contamination
and voids involves passing the thin laminate
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General Technology’s
Rubidium “atomic clock”
records over million hours
operational time.

Reliability now proven;
MTBF established at 22,000
hours per unit.

Records kept since 1961 on every Rubidium
Frequency Standard made by GTC show the
average time between random component fail-
ures to be 87,000 hours — almost 10 years!

The Model 304-B shown here is but one in a
complete family of all solid-state atomic fre-
quency standards made by GTC for use in field
and laboratory. Maximum deviation is == 5 parts
per 10" in a year, or better. Special versions
meet environmental and other requirements for
tactical and missile/aircraft use.

For solutions to your stable-oscillator problems,
write General Technology Corporation, sub-
sidiary of TRACOR, Inc., 6500 Tracor Lane,
Austin, Texas 78721. Phone 512-926-2800.

Time & Frequency —
Instruments by RAU DR

TFA - 1367
ON READER-SERVICE CARD CIRCLE 40

through a dielectric strength test. A suggested
specification is 750 volts per mil (vpm). When the
dielectric strength perpendicular to the lamina-
tions falls below the 750-vpm level, it is an indica-
tion of the presence of a void, resin-starved area,
or a conductive contaminant.

The chemical resistance of thin laminates is
sometimes a problem to printed-circuit processors.
Package designers should screen the materials
before specifying them to avoid these production
problems. Some chemicals that are employed in
the manufacture of etched circuits may soften or
swell the laminate. Chemical attack occurs more
frequently in thin laminates than in their thicker
relatives, because they present a much larger
surface-to-volume ratio.

Laminate etchability in sulfuric acid should be
specifically called out. At times etchability is
necessary for processing plated-through holes,
and at other times it is specifically not desirable. It
is undesirable when the laminate is used as a
resist layer to chemical milling of the composite
laminate.

One of the most critical material properties for
miniaturized circuitry is the dielectric constant.
In most applications, it should be as low as possi-
ble, and generally it should be as uniform as
possible. A thin laminate should have a dielectric
constant of 4.3 + 10% and a dissipation factor of
0.03 maximum. Among other factors, the clarity
of the signal and the reduction of crosstalk are
affected by this property.

Dielectric constant is controlled by the chemis-
try of the raw materials employed in the lami-
nates and the proportions used. Proper selection
of these and control of their purity is of utmost
importance. In epoxy-glass laminates, the resin
and fiberglass have very different dielectric prop-
erties and their ratio must be kept constant to
ensure uniformity and a well-balanced package.
Insulation resistance and surface resistance
should be a minimum of 5000 megohms at 500
volts.

At present, a number of groups are working
toward standardization of the design parameters
for thin laminates. The Institute of Printed Cir-
cuits has completed a specification on the prepreg
material used in multilayers, but is only beginning
its work on a thin-laminate specification. This
work is being closely coordinated with the efforts
of the Industrial Laminate Advisory Technical
Committee (ILATC) of the National Electrical
Manufacturers’ Association (NEMA). These peo-
ple in turn are coordinating with ASTM and
the University of Delaware on test methods.
Government agencies such as the Signal Corps,
U.S. Naval Avionics Facility and Defense Electron-
ic Supply Center are in liaison with these indus-
trial groups and are working toward establishment
of Government specifications. = =
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A LOW-COST 1 AMP
SPDT RELAY MIGHT DO
THE JOB BETTER THAN
AN EXPENSIVE ONE.

If it's the new 75-cent

Sigma Series 65.

New Sigma Series 65 miniature relays are specifi-
cally designed for low-level DC switching appli-
cations where economy is of major importance.
Available in quantity for 75 cents, these general
purpose relays include extra design benefits:

Superior Switching Performance: The precision
knife-edge hinge design of the armature provides
better magnetic coupling for full utilization of coil
power. This results in heavier contact forces, lower
contact resistance and better electrical stability.

Greater Mechanical Strength: Glass-filled nylon,
not ordinary phenolic, is used to support contact
members assuring long-term mechanical life and
stability.

Better Thermal Stability: Use of high-grade, low-

SIGMA DIVISION

temperature-coefficient materials assures excel-
lent thermal stability over a wide temperature
range up to 70°C.

We'd like to give you a new Sigma Series 65—
or any of our other standard relays. Test and
compare it against the brand you may now be
using. It's the best way we know to prove what we
say about Sigma relay performance. Just circle
our reader service number on the reader service
card. We'll send you the new Sigma relay catalog
and a “free relay” request form. Return the form
to us and your Sigma representative will see that
you get the relay you need.

Need fast delivery? The Series 65 is available
off-the-shelf from your Sigma distributor.

- SIGMA INSTRUMENTS INC

Assured Reliability With Advanced Design / Braintree, Mass. 02185

ON READER-SERVICE CARD CIRCLE 41
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Now that you’re going to buy
a dc voltmeter, get hp's

extra measure of

Performance

When you buy a dc voltmeter, you look
for the least costly instrument that will
give the accuracy you need for your
measurements.

Only Hewlett-Packard can offer a
complete line of dc voltmeters—analog,
digital, and differential —each designed
to give you the exact performance you
need . ..the maximum performance per
dollar invested!

ANALOG hp Model 419A: - High sen-
sitivity null meter and wide range dc
voltmeter in one compact package.

ANALOG/DIGITAL hp Model 414A: -
Touch-and-read speed of digital auto-
ranging eliminates range switching
bother. Linear volt/ohms scale gives
high resolution.

DIGITAL hp Model 3430A: - Provides
accurate digitized measurements with
error-free readability — at a low price!

DIFFERENTIAL hp Model 3420A or
3420B: — For precision measurements:
+=0.002% accuracy, 0.2 ppm resolution,
1 ppm stability.

Whatever your requirements, what-
ever your applications — only Hewlett-
Packard can offer you a complete line
of voltmeters/!

HEWLETT jhp

hp Model 419A
for High Sensitivity

Performance

The hp Model 419ADC Null/Voltmeter
is your best choice for high sensitiv-
ity volts/current measurements such
as thermocouple voltages and other
low level transducer sources, nerve
potentials in biological studies, gal-
vanic responses in chemically-gener-
ated emf’s, education—or use it as a
null voltmeter in dc standards and
calibration work. This low cost instru-
ment is ideal for schools, mainte-
nance departments and accurate
enough for design benches. The 3 uV
range gives 0.1 uV resolution for ex-
tremely low level measurements.

And, you need not be concerned
with source impedance! The variable
internal nulling supply allows you to
derive an essentially infinite input
impedance on the 3 uV through 300
mV ranges. You simply buck out the
input voltage, then measure the in-
ternal supply by pushing a button!

To eliminate common mode volt-
ages—such as those found where
transducers and long lead lengthsare
being measured—unplug the instru-
ment from the ac source, and operate
on the internal rechargeable bat-
teries.

For leakage current measurements
such as in semi-conductors, the 419A
has 30 pa to 30 na full scale ranges.

The hp neon oscillator/photocon-

 PACKARD

An extra measure of performance

ductor chopper amplifier combined
with high-feedback has <0.3 uV noise
and <0.5 pV drift per day. You get
readings that are dependable—and
repeatable!

For high sensitivity performance,
get the hp Model 419A DC Null/Volt-
meter! Check the dc sensitivities in
the table.

hp Model 414A
for Touch|Read Autoranging

Performance

It takes less than 300 msecs for hp
Model 414A to select and indicate the
correct range and polarity! You're
free of the tedious job of constantly
changing ranges and of the worry of
overloading the instrument. You can,
whenever you need, over-ride the
automatic ranging and manually se-
lect your range. When you specify the
hp 414A, you get the ‘‘touch and
read’’ convenience of autoranging!

You’ll find this instrument is the
most accurate analog voltmeter avail-
able! Measuring accuracy for dc volt-
age is =0.5% of reading, =0.5% of
full scale. For resistance, accuracy is
+19, of reading, =0.5% of full scale.

The 100 MQ input resistance (on
50 mV range and above) allows more
accurate measurement with less de-
pendence upon source impedance.
For example, a 100 kQ source intro-
duces only a 0.1% measurement
error.

For Vdc and ohms measurements
where speed, accuracy and ‘‘hands-
free’’ operation are needed, pick the
solid-state hp Model 414A Autovolt-
meter. Comparative specifications
are given in the table.
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hp Model 3430A
for Easily Readable

Performance

Easy to read! Easy to operate—even
by inexperienced personnel! Accur-
ate enough for production testing,
laboratory, repair shops, quality con-
trol, incoming inspection—and digital
transducermeasurements! These are
the performance features you get
from hp Model 3430A DC Digital Volt-
meter.

The 3430A features 100 nV resolu-
tion to give you low level dc measure-
ments with digital accuracy (=0.1%
of reading). A flashing overload indi-
cationprevents false readings whenin
overload.Amplifier output is accurate
to within 0.1% and can be used while
making measurements if load is 10kQ
or greater. Output will drive dc recor-
ders to give you permanant records.
Both accuracies hold for 90 days—
save you costly calibration time.

Model 3430A has a voltage ratio
option, (01). The readout display is
proportional to the ratio of the input
voltage (front terminals) to the refer-
ence voltage (rear terminals). A rear
panel slide switch permits either nor-
mal or ratio mode operation.

Specify hp Model 3430A DC Digital
Voltmeter when you need a solid-
state, easily-readable instrument for
continuous service under rigorous
operating conditions. See the table
for full specifications.

RREARIAY

FUNCTION
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OC NULL VOLTMETER
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3420A
414A 419A 34208 3430A
5 mV— o 3uV— 1V— 106 mV—
ocv 1500 V 1000 1000 V 1000 V
Accuracy +=5% Rdg.. =0.1uVon3puV 0.0 =0.1% Rdg.,
=5% FS range, =2% +1 digit
50— 30 pA—
Ohms/Current 1.5 MQ 30 nA — —
Accuracy =1% Rdg., = 3% end scale — —
=0.5% FS =1 pA — —
Zdc 10-100 MQ 100 k2—100 M@ 1 MQ—10 M@ 10 M@
.000000001:1- 0.0001:1—
Ratiometer — — 1000:1
Accuracy — — =0.15% reading
I +1 digit
Recorder — =1 Vde c =16 Vdc
Output — 1 mA 1 mA 1 mA
50-1000 Hz 50-1000 Hz 3420A, 50-1000 Hz 50-1000 Hz
Power — — 34208, Battery/Line
~ Autoranging
Type Analog Analog Differential
3420A-$1175.00
Price $650.00 $450.00 3420B-$1300.00
matical computations and withou
hp Model 3420A or 34208 % ; oy 3
Fed an outside precision voltage source.
for Precision Voltage and resistance ratios from

Performance

For making highly stable dc measure-
ments and measuring precision volt-
age ratios, select either precision
solid-state hp Model 3420A or 3420B.
Use it for calibrating digital and po-
tentiometric voltmeters; line and load
regulation of dc standards measure-
ments; calibrating precision resist-
ance dividers; making thermistor,
thermocouple or transducer meas-
urements.

The hp Model 3420B differential
voltmeter is line/battery operated so
true floating dc measurements can
be made by disconnecting the line
cord. Readings cannot be affected by
ground loops.

The hp 3420A or 3420B can be
used to measure resistance and volt-
age ratios rapidly without using the
conventional method of tedious math-

0.000000001:1 t0 0.999999:1 can be
measured in four ranges.

You won’t need a highly skilled
technician from a standards labora-
tory to make parts per million meas-
urements when you specify the hp
3420A or 3420B! Engineers and line
technicians can press the front panel
pushbutton, adjust the high resolu-
tion decades and read the results!

For a resolution of 0.2 ppm and an
accuracy of 0.002% of reading, get
the hp 3420A or 3420B. See the table
for specifications.

For data sheets giving full specifica-
tions on these dc voltmeters with the
hp extra measure of performance,
contact your nearest hp field engi-
neer. Or, write to Hewlett-Packard,
Palo Alto, California 94304, Tel. (415)
326-7000; Europe: 54 Route des
Acacias, Geneva.
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Measure capacitance and resistance
of forward-biased diodes simply and accurately
with standard laboratory test equipment.

The capacitance and dynamic resistance of
forward-biased diodes are very important in
designing fast gates and switching circuits. Yet
there is no universally accepted method for per-
forming these measurements and very little infor-
mation exists in the literature.

A simple method for making the measuremerits
and a straightforward test set are described be-
low. The method enables measurements to be taken
over a wide range of forward current values (3
pA to 3 mA).

Assumptions have to be made

In developing the measurement technique, two
assumptions have been made:

® The equivalent circuit for a forward-biased
diode at any one operating point consists of a
resistor in parallel with a capacitor. A forward-
biased diode may therefore be accurately simulat-
ed by the use of a lumped resistance and capaci-
tance in parallel.

s A small ac signal of 50 mV imposed on a
forward-biased diode will not alter the dynamic
resistance and capacitance values of the diode
significantly.

The basic measurement technique consists of
comparing the unknown diode dynamic resistance
and forward capacitance with known resistive and
capacitive quantities and detecting the point at
which the known and unknown are equal.

The test circuit is simple

A block diagram showing the components of the
test circuit is illustrated in Fig. 1. The setup
includes the following elements:

Test signal source—The test signal source is a
Hewlett-Packard model 214A pulse generator.
The signal input provided by it is a positive rec-
tangular pulse of 150 millivolts’ amplitude.

Bridge mnetwork—The basic test network is

George L. Snider, Senior Engineer, Arinc Research Corp.,
Santa Ana, Calif.
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shown in Fig. 2. It comprises two parallel attenua-
tor networks which, at balanced conditions, are
identical. One network consists of a 1-uF coupling
capacitor, a series resistor (R1), a’ calibrating
resistor (R2), and a trimming capacitor. The
other network consists of an identical 1-,F cou-
pling capacitor, a series resistor (R3), a test
resistor (R4), which establishes the dynamic
resistance level for the diode, and a calibration
capacitor, which can be varied to match the diode
capacitance. The positive rectangular pulse is
CONSTANT

CURRENT
SOURCE

= S a1

—1—> Gl
BRIDGE DIF COMPARATOR TO TEKTRONIX
NETWORK AMP e
TESTSIGNAL 7L = OSCILLOSCOPE
SOURCE HP
T MODEL 214A

1. Diode capacitance and dynamic resistance test set
can be built quickly, as this block diagram shows.

m RIS 2

o wwo—t-o-wvo
FROM =
PULSE DIODE UNDER TEST

GEN FROM_CONSTANT
[i=l ! ?’ CURRENT SOURCE
5%

TO
DIFFERENTIAL
AMP

3-5pF TRIMMING
CAPACITOR

T0
| | DIFFERENTIAL
AMP

CALIBRATION
CAPACITOR, 3—25pF

R1 R2 R3 R4
22 kQ 10 kQ 22 kQ 10 kQ
10 kQ 4.7 kQ 10 kQ 4.7 kQ

4.7 kQ 2.2 kQ 4.7 kQ 2.2 kQ
2.2 kQ 1.2 kQ 2.2 kQ 1.2 kQ
1.0 kQ 470 Q 1.0 kQ 470 Q
470 Q 270 Q 470 Q 2700
200 Q 100 Q 200 0 100 O
100 0 47 O 1000 47 0

2. The basic test circuit is a bridge network utilizing a
few standard components. Its resistors can be selected
by reference to the accompanying table.
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adjusted for 50 millivolts at points A and B.

Constant current source—The constant current
source (Fig. 3) consists of a transistor amplifier,
the output current from which can be varied by
means of resistor taps and a potentiometer. The
current range available is from approximately 1
wA to 10 mA. The transistor amplifier provides a
high ac output impedance to the test diode and
effectively isolates the constant current source
from the test network.

Differential amplifier—The signal amplifier

2N2907

+ TO
BRIDGE
‘ NETWORK
30Vde <
IN30278
J & ~LooiuF

3. Constant current source provides a wide range of cur-
rents. Rough adjustment is made by selecting a proper
tap; the potentiometer is used for fine setting.

—0 +30Vdc
27§ o
> > > 10k > >
47kg 324k 33k 33k 347K
° B
ATOR TO
COMPARATOR
0.22F 022uF
|
‘ I FROM
FROM
BRIDGE BRIDGE
NETWORK NETWORK
>
27k 327k
1

4. Inputs from the bridge network are processed by a
three-transistor differential amplifier. Balancing is pro-
vided by the 500-ohm potentiometer.
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(Fig. 4) is a high-frequency differential amplifier
with inputs derived from the two attenuator
networks. When the differential amplifier is prop-
erly balanced, the outputs will be identical, pro-
vided the inputs to the amplifier are identical. The
amplifier buffers the input to the comparator with
a minimum of rise-time degradation.
Comparator—The inputs of the comparator
(Fig. 5) are derived from the differential am-
plifier outputs. When the test network is properly
balanced, the outputs of the differential amplifier

> >
30k $33k

FROM
DIFFERENTIAL TO TEKTRONIX
AMPLIFIER MODEL 547
0SCILLOSCOPE

TS
333k IOk

+—o
5. Differential amplifier outputs are combined into a single
output and displayed on a scope. This is the last func-
tional block in the over-all test set-up.

-
e

6. Resistance calibrating null should look like this. The
spikes can be balanced out with the trimming capacitor
for the best straight line.
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will be identical, and the output of the comparator
displayed on the oscilloscope will appear as a
straight line.

The test set must be calibrated

The step-by-step calibration procedure is as
follows:
1. The input pulse characteristics are set:
Repetition rate —10 kHz

Amplitude —150 mV
Rise time —10 ns
Fall time —10 ns
Pulse width —3.5 us

2. Resistor R2 is substituted for the diode to be
tested. The remaining calibrating resistors R1,
R3, and R4 remain in place throughout the test.

3. The calibration nulling capacitor is set to its
minimum value (=3.0 pF), and the value bal-
anced off by means of the 3-5-pF trimmer
capacitor.

4. The signal source is adjusted for an amplitude
of 50 mV at resistors R2 and R4 (points A and
B, respectively).

5. The differential amplifier output is balanced in
this manner: The 10-kilohm potentiometer is
varied to ‘“balance out” the output of the
differential amplifier. The balance point is
reached when the composite output is zero. The

/ N\ A

/ T

®

7. Placing the diode under test into the calibrated circuit
produces trace (a) on the scope. Matching the dynamic
resistance of the diode to R3 of Fig. 2 by varying the diode
current results in trace (b). The final null (c) is achieved
by adjustment of the calibrating capacitor.
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scope presentation will appear as in Fig. 6.
pikes seen on the scope are due to the imbal-
ance of the capacitive values since the calibrat-
ing capacitor has some residual capacitance.
This is “balanced out” by the trimming capaci-
tor for the best straight line.

It is simple to test a diode
Testing a diode is accomplished in four steps:

1. Resistor R2 is replaced by the diode to be

tested.
This will cause the differential amplifier to
become unbalanced because the dynamic resist-
ance and capacitance of the forward-biased
diode are different from the values of calibrat-
ing resistor R3 and the calibrating capacitor.
The oscilloscope trace will generally appear as
in Fig. 7a.

2. The dynamic resistance of the diode is first
matched to the value of calibrating resistor R3
by varying the forward current into the test
diode. This is done by selecting the proper tap
on the constant current source and varying the
1-kQ potentiometer. At the point where the
diode’s dynamic resistance matches that of
calibration resistor R3, the oscilloscope trace
will appear as in Fig. Th.

3. The capacitance values are matched by varying
the calibrating capacitor until the oscilloscope

X 10000

AY
L ViR
¢

DIODE TYPE: FD 100
\7 TEMPERATURE . +25°C

N Wb U'Oi\lmwg

R¢ VS Vg

o

N oD Ue~NOOO
N

1000

1
L+

N WP OaO~NOWwO

DIODE FORWARD CAPACITANCE IN PICOFARADS — (C¢)
0
<
w
= -
N /
N
va;v/\
DIODE FORWARD RESISTANCE IN OHMS —(R¢)

: 4%
05 X
A)

100 200 300 400 500 600 700
DIODE FORWARD VOLTAGE IN MILLIVOLTS —(V¢)

8. Diode test results are depicted above. Note that both

the capacitance and dynamic resistance are exponential

functions of the diode forward voltage.
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trace appears as in Fig. Tec.

4. The diode parameter values can now be read as
follows :

a. The diode dynamic resistance is equal to the

value of calibrating resistor R3.

b. The diode forward capacitance value is read

on the dial of the calibrating capacitor.

¢. The diode forward voltage drop is read by

means of the Hewlett-Packard model 410C
vacum-tube voltmeter. This measurement is
made between the test diode anode and
ground. The meter is not connected while
balancing the circuit.

Application of this procedure for diode testing
resulted in the plot of Fig. 8, where diode forward
capacitance and resistance were plotted as a
function of the diode forward voltage. Note that
both of these parameters are pure exponentials.

Beware of the errors

The following sources of error are present in
using the above procedure:

A. It is difficult to build the test circuit exactly
symmetrical. Therefore, certain stray capaci-
tances due to the circuit layout are not accounted
for. In achieving the capacitance null, this stray
capacitance may cause an estimated error as great
as 1 pF. This error, while it is constant, may be
significant in the measurement of low capacitance
values.

B. Circuit inductance is not taken into account
at all. But its only effect will be to contribute to a
less than perfect null on the oscilloscope read-out
by degrading the oscilloscope’s resolution.

C. The test signal is not a perfect square wave,
since it has switching times in the region of 10 ns.
A test signal with a faster rise time would provide
greater resolution.

D. The range of forward current values over
which accurate measurements of capacitance and
dynamic resistance can be made is limited by two
factors:

i. Diode capacitance values of less than 3.0 pF
cannot be measured because of the limited range
of the calibrating capacitor (3 to 25 pF). This
then limits the minimum forward current to about
3 mA and the dynamic resistance to approximately
10,000 ohms. The upper range of the calibrating
capacitor can easily be extended by the addition of
extra capacitance in parallel.

ii. Dynamic resistance values are limited to 39
ohms, and therefore the forward current to ap-
proximately 8 mA, owing to the insensitivity of
the null to capacitance changes at this low resist-
ance level. This being the case, the capacitance
values can be altered as much as 20% without
significant change in the null. The maximum
capacitive values recorded are thus taken to be
within +20% of the true value. = =
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“Would you believe I
can turn you on for
$39.50?”

d

“Would you bellé‘}e i
can control you with
less than 100 micro-

watts?”

“Would you believe

my pulse rises in 160
nanoseconds?”

o)

“Say, I don’t believe
you know me—
Crydom’s new SCR
FIRING CIRCUIT
MODULE.”

o)

. tiN’O!‘n

o

' “No.”

&

“No, sir.”

&

“Yes, Imean
no. .. make me
acquamted L

&

[

SCR FIRING CIRCUIT MODULE )
Check These Features

-
s

Linear control of sine wave power.

—
Sy

minimizes di/dt failures.
v/ 0.7 volt negative bias prevents false
/50 microwatts control power sensitivi
v/ 115 or 230 volt, 47-63 Hz operation.
v/ Responds to d.c. polarity for closed

-

\&

v/ 0.5 milliamperes for control of linear region.

0.5 ampere, 100 nanoseconds rise time firing pulse

firing.
ty.

loop applications.

Write for complete information.

‘c RYDOM laboratories, inc.

3115 West Warner Ave., Santa Ana, California

Area Code 714  540-1390
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ofthe
monolithic

64 WORDS
A\

WORD DRIVERS BIT DRIVERS

24 BITS

VISIT US AT THE IEEE SHOW . . . BOOTH 4G32, 4G34.

ON READER-SERVICE CARD CIICI.E 188

Cut cost of IC read-only
memories with Radiation
6 x 8 Diode Matrices




Radiation’s popular dielectrically
isolated matrices provide an un-
usual degree of flexibility. (1) RM-
34 Matrices contain 48 active de-
vices per chip. (2) A fusible link in
series with each diode permits un-
limited matrix patterns to be formed.
And (3), circuits can be combined
to produce an almost infinite vari-
ety of size configurations.

In addition to flexibility, Radia-
tion 6 x 8 Matrices offer the in-
creased reliability of monolithic
construction. Size and weight re-
quirements are slashed through re-
duced package count. Further, cost
of matching, testing and assembly
of discrete diodes is eliminated.

Production has been expanded
to guarantee fast shipment of ma-

e T e
NN T
R % % U N
R T Y T
O N N N N T
BT S P b

BEFORE “CUSTOMIZING”

|
Radiation 6 x 8 Monolithic Diode Matrices* (typical Ilmits)

trices “‘customized” to your ex act
requirements. In fact, most ord ers
are shipped on a 24-hour basis.

A new low-cost RM-134 desi,gn
in a ceramic dual in-line packa, ge
is available in volume at a unit pricze
of less than $5.00—and can be st ip-
plied to any code configuration 1 ‘e-
quested. ; :

Write for data sheets on the e11-
tire line of Radiation Monolithic D i-
ode Matrices. Worst-case limits are?
included, as well as all information
required by design engineers. We'll
also be glad to supply our new man-
ual, Monolithic Diode Matrix Tech-
nical Information and Applications.
For your copy, request publication
number RDM-TQ1/A01 from our
Melbourne, Florida office.

!
i
¢

.

Characteristic Symbol  RM-30 RM-31 R':ﬂMl.g:T 'U+it T('ft,ff _ng?g)s

P - & i A
Forward drop e DR N S
Reverse breakdown BV; 60 60 50 V 1Rp=100uA
Reverse current Ig 7 25 70 nA V=25V
Reverse recovery T 7 11 30 ns :‘ : }g m: »

R

Crosspoint capacitance  C,, 1.9 1.9 2.0 pF Vg=5V;f=1MHz
Coupling coefficient It 20 20 20 UA See data sheet

*Supplied in T0-84 packages. tSupplied in ceramic dual in-line package. }’
All Radiation integrated circuits are dielectrically isolated.

@

| ¢

RADIATION

INCORPORATED ,

MICROELECTRONICS DIVISION |
Sales offices: Suite 622, 650 North Sepulveda Blvd., El Segundo, Calif. (213) 772-6371—Suite 232,
600 Old Country Road, Garden City, N. Y. (516) 747-3730—Suite 201, 1725 Eye Street, N. W. Wash-
ington, D. C. (202) 337-4914—P.0. Box 37, Dept. ED-02, Melbourne, Florida (305) 723-1511, ext. 554

State

of the

design
art

Use of Radiation’s RA-238 Opera-
tional Amplifier greatly simplifies cle-
sign of ultra-precision DC current sink's,
as illustrated below. First, absolutely
no external stabilization is requireci.
And second, in a
practical system,
this stable dielec:-
trically isolated am-
plifier contributes
typically less than
0.04% error in the
total sinking cur-
rent.

Hence, accuracy depends on the
external voltage reference source
(Vrer) and the precision control resis-
tor (R). Precise control is maintained
over a 25:1 current range.

The following expression for sinking
current applies:

Vi [ F o,
e [Aozl
n — R

Where Agr=open loop gain.

Further, performance data of Radia-
tion’s RA-238 in this application indi-
cates its unusual design flexibility:

Current range=Al;,=0.2 to 5.0mA
Voltage range=AV;,=+10to —30 V
> 50 MQ
< 3pF

For further information, see our
ELECTRONICS ad of February 6.
Radiation’s line of IC operational
amplifiers opens the door for integra-
tion of systems requiring high-perfor-
mance analog circuitry. These ampli-
fiers provide the ideal 6 dB per octave
high frequency roll-off required for un-
conditional stability in operational
feedback connections without use of
external compensation . . . even in the
critical unity gain configuration.
Three types are available now in
T0-84 flat packages: general-purpose,
broadband, and high-gain amplifiers.
Write for data sheets. Worst-case
limits are included, as well as all nec-
¢ 2ssary design information. We'll also
t >e glad to send you our new manual,
( )perational Amplifier Technical Infor-
i 1ation and Applications, ROA-TO1/AO1.
C ontact our Melbourne, Florida office
fo r your copy.

Equivalent load presented:
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Switch from hot to cool with one of
these three solid-state motor speed control circuits.
Thermistors team up with Dizacs and Triacs to do the job.

Solid-state motor speed controls can im prove
the performance of both heating and air-condi-
‘tioning systems by reducing temperature varia-
tions and drafts, and by lowering noise level.

Three types of heating/cooling systemss have
been equipped with this type of control with
resulting performance improvement. The siystems
so equipped are:

= Furnace systems.

m Fan-and-coil heat exchanger system:s.

= Room air-conditioning systems.

All three use an induction motor, prefe:rably of
the permanent-split-capacitor (PSC) t.ype, for
driving the fan or blower.

Motor speed control is accomplishec| by con-
trolling the ac voltage applied to the mtor. Since
the viscous load of the fan is an expone ntial func-
tion of speed, the required torque ¢irops very
rapidly as speed is decreased, providing s a reasona-
bly good match to the inherent chara cteristics of
the induction motor operating from. a variable
voltage supply.

The type of bearing used in the motor is an
important factor in the choice of speed control
system, Most of the sleeve bearing s now in use
begin to lose their hydrodynamic fil m of oil below
a certain critical speed. This loss of ’ oil can result
in a large reduction in bearing life: and therefore
requires the use of a control system . that limits the
lowest speed of the motor to a wvalue that will
maintain the oil film. Ball bearings ,, although more,
expensive, do not have this speec | restriction and
operate satisfactorily down to ze¢:ro speed.

Speed control circuits for ea.ch of the three
systems will be covered, startin: g with a furnace
heating system.

Thermistor sets minimum speed

In the customary furnace ce:ntral heating sys-
tem, the room thermostat con trols the action of
the burner and a second ther mostat mounted in
the bonnet controls the action ( of the blower. When

E. Keith Howell, Manager, Light || ndustrial and Consumer
Controls Applications Engineering ;, General Electric Com-
pany, Auburn, N. Y.
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the room thermostat calls for heat, the burner is
energized and bonnet temperature begins to rise.
When bonnet temperature reaches a predeter-
mined high-temperature limit, the blower is ener-
gized to circulate the heated air. When the room
thermostat is satisfied and de-energizes the burn-
er, the blower continues to run until the bonnet
temperature drops below a given low-temperature
limit at which point the blower is turned off. This
on-off cyclic action results in room temperature
variations that are beyond the control capability
of the room thermostat.

A solid-state speed control (Fig. 1) for the fur-
nace blower replaces the bonnet thermostat with a
thermistor. This circuit provides continuous
control of blower speed in response to bonnet
temperature. It also limits the minimum speed at
which the motor can run in order to protect the
bearings, and to maintain a gentle circulation of
air through the heating system which greatly
reduces temperature gradients throughout the
house. When the room thermostat energizes the

PSC
MOTOR

©

R
THERMISTOR (*. 3 3
(BONNET TEMP)@@ 2 580K

DIAC-I
ST-2

L¢3
120V R Geapr TRIAC
60Hz SC458

p <
’ DIAC -2
ST=2
c4 SR3 Em —J 51
0.05uF 282 O.IpF O.IpF
LI
O- ¢

N &

10044H

1. A thermistor replaces the thermostat normally located
in the bonnet of a furnace blower. The circuit shown pro-
vides continuous control of blower motor speed. It also
limits the motor’'s speed to the minimum value permitted
for bearing protection.

1 |

Y|
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burner, the blower speed will increase gradually
as bonnet temperature increases. Heat is thereby
distributed to the house as soon as it is available
from the burner. The thermostat then has the
opportunity to turn off the burner long before the
full capacity of the system is reached. This effect
greatly reduces the temperature excursions that
can be experienced in mild weather. Under mild
heating load conditions, the blower may never
need to reach full speed in order to maintain
proper temperature. Similiarly in severe weather,
the blower may never reach minimum speed
because of the high demand for heat.

The circuit of Fig. 1 uses a Triac (ac switch)
which is turned on at controlled points within
each half cycle of the supply frequency in order to
control the voltage applied to the motor. The
bonnet temperature thermistor has a resistance on
the order of 100,000 ohms at 78°F. At this resist-
ance level, the time required to charge C1 to the
breakover voltage of Diac-1 will be long and the
Diac will trigger the Triac late in each half cycle
thereby producing a low motor speed. Since this
speed may be too low for the particular type of
motor used, a second Diac may be used with ad-
justable resistor R2 set to produce the desired
minimum speed. By the use of the two trigger
circuits, the Diac which produces the first pulse in
each half cycle has control of the Triac. At high
temperatures, when the thermistor resistance is

low, Diac-1 will produce the first triggering pulse,
running the motor at higher speeds. As tempera-
ture drops, thermistor resistance increases and
Diac-1 fires later in each half cycle. Eventually,
Diac-2 wins the race and fixes the firing time of
the Triac at a predetermined point, thus limiting
the minimum speed which can be obtained with
the motor. The low speed may also be limited by
placing a fixed resistor in parallel with the ther-
mistor instead of using the auxiliary Diac circuit.
However, this greatly reduces the rate of change
of speed with temperature and the motor will
never reach minimum speed under normal operat-
ing conditions.

Fan-and-coil system heats and cools

In many commercial systems, hot or cold water
is pumped through heat exchanger coils in each
room and a blower transfers the heat to the room.
air. A central unit maintains the water at the
desired hot or cold temperature while a thermo-
stat in each room turns the blower on and off to
maintain desired room temperature. An automatic
blower speed control for the fan and coil system is
shown in Fig. 2.

In this system, the primary control is the ther-
mistor which senses room air, replacing the room
thermostat control. Unlike the furnace control
system, where the thermistor must control motor

6RS/6PBILAJI
BRIDGE A
SHADED POLE MOTOR R ¥
3 AMPS - JENE:
t 2 R3 R4 MINIMUM
Rig o) K. 300 3w ems SRRl i
e YYY AN Y 5KS et S AR AR < #
Rl ) L u
4700 SR7
4w 8 D 2K
D2
Z4XL20 Nice2
c3 @ D3 Q3
0.05uF Vw INI692 2N2646
I — | —
JK
N Dl D4 )
INIE92 INI692
WA X B A~
RI2 RS
82 ‘ 22K
’ g Q2 —Lc L
TRIAC ) 2N2712 2N2712 ’r omF 1 o, LP] Ry
sc4iB A x + ! S T OpF > ISIPDZRT\ZGUE
$Ri0 it
c4_L QK t 33005
Q.221F ~ TN ; B 0
B ! Gt s
TI s
SPRAGUE
1zi2l|ce "
RI3
2200
2 i %
T, ¢ AIR TEMPERATURE THERMISTOR, 5K °C, GE IDI
I00pH 5 oN2715 A EMPE 5K @ 25°C,GE IDIO3
Tw: WATER TEMPERATURE THERMISTOR, 5K @ 25°C, GE IDIO3
HEATING Ty, >140°F
0 COOLING T, < 50°F

2. Fan-and-coil systems used for both heating and cooling
require that the ‘‘sense’” of the control be reversed for
the two conditions. When heating, a room temperature
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increase must decrease blower speed and vice versa. The
transistor flip-flop formed by Q1 and Q2 accomplishes
this ‘‘sense inversion.”
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speed from minimum to maximum over a temper-
ature range from 80°F to 180°F, the thermistor in
the fan-and-coil system must control blower speed
from minimum to maximum over a very narrow
temperature range, about 2°F. Since such a small
change in temperature represents only about 5%
change in thermistor resistance, a high “gain” is
required in this control system. The circuit of Fig.
2 uses the ramp-and-pedestal concept to obtain the
required gain.!

Since the same fan-and-coil system is used for
both heating and for cooling, the “sense” of the
control must be reversed for these two conditions.
In the heating condition, an increase in room
temperature must decrease fan speed whereas, in
the cooling condition, an increase in room temper-
ature must result in an increase in motor speed:
This ‘“sense inversion” is accomplished in the
circuit of Fig. 2 by a transistor flip-flop circuit that
is controlled by a second thermistor mounted on
the heat exchanger to measure water temperature.
This circuit is designed to switch the control sense
when water temperature reaches approximately
nominal room temperature. This point was se-
lected so that the heating or cooling function
cannot become regenerative if the water tempera-
ture changes slowly.

At low water temperature, in the cooling condi-
tion, the water temperature thermistor 7T is in a
high-resistance condition, Q7 is not conducting
and Q2 is conducting. An increase in room air
temperature will cause the air-sensing thermistor
T, to decrease in resistance, increasing the pedes-

tal voltage applied to capacitor C1, and causing
the unijunction transistor Q3 to trigger earlier in
the cycle and provides more power to the motor.
In the heating condition, 7', is at low resistance,
@1 is conducting, and an increase in air tempera-
ture reduces the pedestal voltage applied to capaci-
tor C1, thus reducing power applied to the motor.
As in the case of the furnace blower control,
this system may also require a minimum speed
limit. This function is shown in Fig. 2 wherein Ré6
and C2 form an independent timing ramp that is
applied to the unijunction transistor through the
diode matrix D3 and D4. Thus, whichever capaci-
tor reaches the threshold voltage of the unijunc-
tion first has control of the system. Since the
minimum speed limit function provides a gentle
circulation of air at all times, the use of a sleeve-
bearing motor may not provide accurate tempera-
ture control under very mild weather conditions.
For use with a ball-bearing motor, Capacitor C1
may be connected directly to the unijunction tran-
sistor emitter, then resistor Ré6, capacitor C2, and
the diode matrix D3 and D4 may be eliminated.

Air conditioner is sensitive to line voltage change

A fan speed control for the room air conditioner
is shown in Fig. 3. This control, like that used for
the fan-and-coil system, is also a high-gain system
since the thermistor senses room air and must
control fan speed from minimum to maximum
over a narrow temperature range. The minimum
speed function is accomplished by a diode matrix
on the pedestal voltage, rather than on the ramp

AUTOMATIC COMPRESSOR
CONTROL.. NC CONTACTS
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3. Maximum motor efficiency and minimum noise in air-
conditioning systems are assured by the symmetrical,
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full-wave control of inductive motor load using a pilot
SCR driving the gate of the Triac.
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as shown in the previous circuit. An optional
sensing circuit, shown in the dotted line enclosure
of Fig. 3, energizes a relay to turn off the compres-
sor motor when the thermistor is calling for a
speed lower than the minimum speed limit. This
function is provided to avoid the mild-weather
problems of temperature overshoot and freeze-up
of the evaporator coils.

The circuit of Fig. 3 provides several additional
functions not performed by the fan-and-coil
circuit. Compensation is provided for changes in
line voltage in order to maintain accurate temper-
ature control and to hold the minimum speed at
the desired level. Since speed is sensitive to applied
voltage in the low speed range, this compensation
for changes in line voltage can be important. To
prevent overdriving the motor under high line-
voltage conditions, the maximum speed may be
limited by the potentiometer R3 and diode DS.
Compensation is provided by resistor R2 and ca-
pacitor C1 which must be selected according to the
value of R7.* This circuit also provides symmetri-
cal, full-wave control of the inductive motor load
by the use of a pilot SCR driving the gate of the
Triac. Symmetry is achieved by referencing the
control circuit to the line voltage through trans-
former T71 and by the continuous gate current
after triggering provided by the SCR.2 This mode
of operation ensures maximum motor efficiency
and minimum noise generation in the motor.

General design considerations

There are several problems which can be suc-
cessfully overcome when working with inductive
loads controlled by the switching semiconductors
such as the Triac.">* The phase shift between
load current and line voltage can result in mal-
functioning of the control unless certain precau-
tions are observed. Since the Triac can turn off
only when the current goes through zero, this turn-
off will occur after the beginning of the next half
cycle and a finite line voltage will exist at that
time. Thus, when the Triac does turn off, that line
voltage will appear across the Triac rather rapid-
ly. If this rate of change of voltage appearing
across the Triac is too great, the Triac will fail to
commutate and will remain in the conducting
state. The corrective measure for this effect is to
use a capacitor in parallel with the Triac to limit
the rate at which voltage can change, and a resis-
tor in series with the capacitor to limit the dis-
charge current into the Triac and to damp any
tendency for the circuit to oscillate. This function is
accomplished in Fig. 1 by C3 and R12, and in Fig.
3 by C3 and R11. The phase shift between current
and voltage can also result in nonsymmetrical
triggering from one half cycle to the next when
the control circuit begins the timing function only
after the voltage appears across the Triac. The
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lack of symmetry in the control produces a dc
component in motor current which has a braking
effect upon the motor that increases motor losses
and audible noise. Fortunately, many motors will
work with the types of circuits shown in Fig. 1 and
2 which derive the reference for the timing from
the voltage across the Triac. The circuit of Fig. 3
fully corrects for the inductive load and will
provide symmetrical operation, particularly at the
very low speeds where nonsymmetry may begin
to be apparent in the other circuits.

Whenever a switch closes, be it mechanical or
semiconductor, the abrupt change in voltage and
current will generate radio frequency interference
(RFI). The inductance of the motor is not effec-
tive in suppressing the RFI generated in these
switching circuits. Shunt capacitance and core
losses associated with the motor windings reduce
their ability to suppress RF. Adequate suppres-
sion may be obtained by the use of a critically
damped filter consisting of L1, C3 and C/ and a
damping resistor (Figs. 1 and 2). The inductor L1
is wound on a ferrite core with a wire size ade-
quate to handle the motor current. The inductor
limits the rate of rise of current through the
circuit while the capacitors limit the rate of
change of voltage across the Triac. The 82-ohm
resistor damps this L.C circuit in order to prevent
oscillation of current in the capacitor, inductor,
and Triac loop which would tend to turn the Triac
off shortly after it had been turned on. This same
RFI suppression network may be used with the
circuit of Fig. 3 instead of, or in addition to, the
dv/dt suppression network shown.

The use of a higher rotor resistance in the
motor will result in operation at higher slip fre-
quencies and produces a smoother speed-torque
characteristic which results in improved system
stability at low speeds and under certain loading
conditions. At lower speeds, the reduction in nor-
mal air flow can result in increased winding tem-
peratures in the motor unless the motor has been
designed for this operation. The line voltage com-
pensation circuit of Fig. 3 can be used to alleviate
the motor problems encountered with high line
voltage. A motor for use with this circuit would be
designed to operate at a maximum voltage of
approximately 100 volts. The circuit can then be
designed to regulate motor voltage so that the
design voltage is never exceeded under any condi-
tion of line voltage or demand for speed from the
thermistor. This can result in a more efficient and
more economical motor design. = =
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Go modular
the easy way

This entirely new approach to modularization is the AMPMODU* Interconnection
System. It permits almost unlimited design flexibility, high production speed, and
economies resulting from automation and low per line cost.

Specifically designed for modular applications using printed circuit boards, it
enables mounting module cards at 90° to a mother board, stacking them, or
putting them end to end. The female contacts may be staked directly to a printed
circuit board or enclosed in molded housings. Male contacts may be staked
directly to a printed circuit board, used in nylon incremental connectors, or
mounted with nylon bushings in aluminum grid plates. Two sizes of contacts are
available: the standard size, which uses .031 x .062” posts for mounting on .156"”
centers, and the miniature size, which uses .02