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Isolation innovations close gap promise of higher reliability,
between desired and actual per- improved electrical characteristics
formance in integrated circuits. and lower cost. The impact will be
These IC advances (such as this in military, industrial and con-
ceramic-isolated chip) hold the sumer IC applications (see p. 17).




Gold-plated components
conduct better,

solder easier,

reflect heat,

and resist wear,
corrosion,

oxidation,

galling.

Now let us give you the details.

The details are in our comprehensive reference guide—a voluminous encyclopedia
of precious metal electroplating processes. Here you'll find charts, graphs, technical
papers, magazine articles. A compendium of today’s most advanced knowledge of
gold-plating—the facts that have put gold into computers, communications

equipment, jet aircraft, missiles, space probes. Write for your copy of ’
“Gold Electroplating Processes.” gl'hex

Sel-Rex Corporation, Dept. A-9 75 River Road, Nutley, N.J., 07110.
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Model 7000A

featuring
AUTOGRIP*
electric
holddown

All the advantages of solid-state design and construction are
yours in a wide variety of Hewlett-Packard 8%2" x 11” and 11"
x 17" x-y recorders. Compact, rugged construction; solid-state
reliability and long life; all with optional metric calibration and
unprecedented performance characteristics. Check the list,
then talk to your Hewlett-Packard field engineer about the
models most useful for your task. Or write for complete infor-
mation: Hewlett-Packard, Palo Alto, California 94304, Tel.
(415) 326-7000; Europe: 54 Route des Acacias, Geneva.

Data subject to change without notice. Prices f.o.b. factory.

%k EXCLUSIVE, CARE-FREE, DFPENDABLE PAPER HOLDDOWN.

HEWLETT

8-1/2" x 11” X-Y RECORDERS
W Bench/rack model in one, portable, 0.5 mv-5 v/in., X-axis
time base; Model 135, $1650.
M 2-pen version of 135, 0.5 mv-50 v/in.; Model 136A, $2650.
B High-sensitivity model, 1 MQ input impedance, time base
either axis, 0.1 mv-20 v/in.; Model 7030A, $1895.
Bl Economy model, 1 mv-10 v/in.; Model 7035A, $895.

11” x 17” X-Y RECORDERS

M Versatile recorder, X-axis time base, 0.5 mv-50 v/in., high-
impedance, computer reference models available; Model 2D
Series, from $1950.

B Economy model of 2D Series, 0.5 mv-10 v/in.; Model 2D-4,
$1490.

M 2-pen version of 2D Series; Model 2FA, $3375.

M High-sensitivity ac/dc recorder, time base either axis, 0.1
mv-20 v/in. de¢, 5 mv-20 v/in. ac; Model 7000A, $2495 (also
available without ac input, Model 7001A $2175).

M Automatic data plotting system, null detector and character
printer built in, 0.5 mv-10 v/in.; Model 7590C, $1985.

PACKARD W MOSELEY
DIVISION

ON READER-SERVICE CARD CIRCLE 2
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Solid State Newlyweds

It's the ideal marriage! The CMC
616A frequency meter with the CMC
410A digital printer. Each being
half-rack size and rugged all-silicon
design, these two perfect rack-mates
cozily fit just about anywhere you
want to put them.

By blissfully joining these two instru-
ments, we offer you an unbeatable
combination for measuring and re-
cording. The 616A measures up to
225 mc without plug-ins by means
of a unique built-in pre-scale. With
some clever plug-ins we added, you
can even measure time interval, and
frequency up to 1,000 mc, 3000 mc
and (get this) 12 gigacycles!

Keeping up with this whizzing counter

is no problem for the 410 printer. It
fires out up to 12-digit columns using
electronic logic conversion and 35-
millisecond data-gathering.

It's a first off-the-shelf ‘‘systems”
thinking from CMC. Being first to
offer you all-silicon instruments just
wasn't enough. We have to make
sure we are going to stay ahead of
high-powered Hewlett-Packard and
big, bad Beckman.

Systems have been a part of our
capability for a long time. So don’t

be surprised to see a lot more revo-
lutionary combinations from us in the
future. And, isn't it about time you
started thinking systems too? Be
daring...break that old habit of
thinking one instrument at a time.

Ask us for the specs on both these
half-rack-size-go-togethers. And don't
forget, we're still challenging all
engineers to compare our specs
to those of the other two ‘“‘leaders.”

We'll send you the specs, so you
can earn one of our glorious Cru-
sading Engineers’ medals for think-
ing double. If you don’'t want to wear
it... have it framed or stuffed! It'll
be great for your ego.

12973 Bradley + San Fernando, California + Phone (213) 367-2161 - TWX 213-764-5993

COMPUTER MEASUREMENTS COMPANY IS A LEADING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT, MEASURE, AND CONTROL
Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 3
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THE FIRST
THE ONLY

MOS
DDA

( Digital Differential Analyzer Integrator )
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The MEM 5021 is a Digital Differential Analyzer Adder Element constructed on a
single monolithic chip utilizing MOS P-channel enhancement mode transistors.
This element when used in conjunction with a dual shift register forms a
complete Digital Differential Analyzer Integrator (DDA) of ternary type. The DDA
is designed to be used in parallel operation and performs rectangular integration.
The DDA integrator can be used in a variety of control system applications or to
solve any differential equation. FEATURES:

m Parallel, ternary integrator usable with any length shift register
W Arbitrary scaling

W |nitial conditions easily inserted

m Biased or unbiased R remainder

W Adders are separate and can be used independently
B Y Ay is possible using additional elements

m Inputs protected against static damage

Write for “Application Notes-MOS Integrated Digital Differential Analyzer.” &

GENERAL INSTRUMENT CORPORATION

600 West John Street, Hicksville. L.1, N.Y.

dvalladienow

ROM GENEF%AL INSTRUNMEN

ELECTRONIC Dgsroy, ADS [ MOS I MOS I MOS Il MOS [l M0S
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We couldn't find these

computer-quality relays on the market.
So we had to design our own.

Here's what they offer you.

IBM Wire Contact Relays—200
million operations at 45¢ per pole

Solderless connections, multiple coils,
compactness and standardized mount-
ings give you lower manufacturing
costs, lower initial product costs, lower
product servicing costs.

Also high operate speed—as fast as 4
ms; fast release time—under 5 ms; ver-
satile contact arrangements—4, 6 and

12 PDT, Form C, 4 and 6 PDT latch;
maximum reliability—1 error per over
400 million contact closures at 48 VDC
is attainable; variable coil voltages—
up to 100 VDC.

IBM 12-pole wire contact relays start
at $5.40, 4-poles at $2.90, latch relays
at $8.45 (even less in quantity).

Permissive-Make Relays—high
speed and virtually no bounce

To design this kind of relay, we turned
to a computer for help.

The result was a unique contact
spring configuration as a basis for
assembly — the “‘permissive-
make”. Its bounce is less than
50 microseconds. Its speed
is as fast as 2.0 milli-
seconds. What’s more,

Typical bounce characteristics
of the IBM permissive-make
relay appear at the right. Time
base is 20 micruseconds per
centimeter-amplitude base is
0.5 volts per centimeter.

ON READER-SERVICE CARD CIRCLE 108

this relay has an exceptionally long,
adjustment-free life—over 400 million
operations.

Permissive-make relays are well
worth considering for counting, logic
switching, switch registers and timing
circuits.

The cost: $6.50 for 4-pole, Form C
permissive-make relays; $7.75 for the
6-poles. Incidentally, IBM permissive-
make relays minimize maintenance
time and costs. That’s because they're
pluggable—just
like our wire
contact
relays.

ELECTRONIC DESIGN, September 13, 1966



Reed Relays—miniaturized
and pluggable too

Newest of the IBM relays, the reed re-
lays are especially suitable for interfac-
ing relay logic and transistor circuitry.

They have an operate time of 1 ms
or less, an operate time variation of
0.5 ms, a release time of 100 micro-
seconds. And, every reed relay is elec-
tronically inspected after assembly to
insure long, trouble-free life.

These miniature relays are available
in1, 2,4 and 6-pole Form A and B con-
figurations; plus various combinations
with either single or double coils. Prices
range from $3.00 to $8.55 for Form A
packages (always lower in quantity)..

The IBM miniature dry reed switch
serves as the heart of the reed relays,
and is now double plated, rhodium
over gold, to give you low noise char-
acteristics.

They provide long life (up to 125
million operations—mean time to first

ELECTRONIC DESIGN, September 13, 1966

error) and low contact resistance (less

than 100 milliohms throughout life).
For highly consistent performance

we dynamically set the air gap between

the reeds. This means a stable sensi-
tivity of == 7 NI (maximum) in every
reed switch.

For illustrated literature on any of
these products, write: IBM Industrial
Products, 1000 Westchester Avenue,
White Plains, New York 10604.

ON READER-SERVICE CARD CIRCLE 6
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NEW hp 180A OSCILLOSCOPE
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More Performance Than Any Other High-Frequency Scope! Big Picture 8x10cmCRT

Get the BIG picture! Call an hp field engineer for your loscope, $900.00; hp Model 1801A Dual Channel
demonstration, today!Or write, Hewlett-Packard, Palo Vertical Amplifier, $650.00; hp Model 1820A Time
Alto, California 94304, Tel (415) 326-7000. Europe: Base, $475.00; hp Model 1821A Time Base and
54 Route des Acacias, Geneva. Price: hp Model 180A Delay Generator, $800.00, f.o.b. factory.

Oscilloscope, $825.00; hp Model 180AR (rack) Oscil-

An extra measure of quality

HEWLETT _h PACKARD

ON READER-SERVICE CARD CIRCLE 7
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NEW ERIE Low Pass FILTERS

ACTUAL SIZE
CONVENTIONAL FILTER

ERIE'S NEW FILTER TECHNOLOGY PERMITS DRASTIC REDUCTION IN SIZE

Now, from Erie's Project “ACTIVE"” (Advanced Components Through Increased
Volumetric Efficiency) comes a new line of subminiature high pass, low pass and band
rejection L, 7 and T Section Filters.
Volume reduction of these high reliability filters ranges to 13 times smaller
than conventional filters of equal capability. Weight is correspondingly reduced, thus
providing ideal RFI (electromagnetic interference) Filtering for equipment in
aerospace, military and commercial markets.
Erie's new filter technology permits insertion loss ratios of 67 DB @ .25A @ 150 KC
... volumetric efficiencies which were never before possible.
In addition to the standard line filters described at right, Erie offers a full line
of compact Bypass Capacitor Systems for transmitting tubes. Also, if you have particular
electromagnetic interference problems not covered by standard Erie filters,
we will be happy to custom design a filter connector package to suit your application.
Write TODAY for Bulletin 9000 and the name of your nearby Erie Field Sales Engineer.

Erie's Project “ACTIVE"”

Advanced Components Through Increased Volumetric Efficiency

AIR FLOW SOCKET SYSTEM AND
SCREEN GRID BYPASS CAPACITORS

Erie now provides effective and reliable capacitive

...LESS THAN %3 The Volume.
OF CONVENTIONAL FILTERS

Actual Size

HERMETICALLY SEALED
BROAD SPECTRUM

REJECTION
FILTERS

100 Volts DC line Filter; For
L, and T Circuits; Inser-
tion Loss...67 DB at 150KC
DC Current Ratings to 8.0
Amp. ¥4-28 Thd. mounts in
chassis.

115 Volts AC @ 60 cycles;
Insertion Loss, 12 DB @
150 KC and 60 DB @ 10 Mc.;
4-28 Thd. mounts in chassis.

SUBMINIATURE
STRIPELINE FILTERS

N

HERMETICALLY SEALED

AIR DIELECTRIC STRIPLINE
FILTER AND DIODE HOLDER
Two components in one for
Trcircuits...1. Precision
capacitor values for selec-
tive bias ... 2. Signal line
filter network. Isolation
shaped as required. 3

SUBMINIATURE STRIPLINE

T and T SECTION FILTERS
Ribbon leads; 50 DB @ 1 Ge.
Excellent VSWR. Effective
filtering beyond 4 Gc.

TECHNOLOGICAL

PRODUCTS, INncC.

bypassing and coupling or filtering of all

RFI signals in the range of 10 to 3,000 megacycles
and beyond. Screen grid values from 1000 pf.

to 10,000 pf. at 1000 WVDC. Variety of systems
to meet your design requirements.

Write for Bulletin 9800.

]

Erie, Pennsylvania

ELECTRONIC DESIGN, September 13, 1966
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New from Sprague!

W-3000

MICROPOWER PNP ||
SILICON HIGH-SPEED
SWITCHING TRANSISTORS

Fastest switching transistor avail-

able in the 1 to 100 .A range.

TYPICAL
SWITCHING TIMES
AS A FUNCTION OF

COLLECTOR CURRENT Cp=0.7 pF typ., 1.5 pF max.

0.1

AT 25C WITH -

V(( =3v.

SWITCHING TIME IN MICROSECONDS

cor LbliE b FiE it B
-000t  -0.01 -0 - Cob=1.5 pF typ., 2.5 pF max.

COLLECTOR CURRENT, I¢, N MILLIAMPERES

Sprague Electric also makes more than 200 standard SEPT® (Silicon
Epitaxial Planar Transistor) Types, including 2N2218A-2N2222A,
2N2904A-2N2907A, 2N2369A, and 2N3209.

For complete information, write to Technical Literature Service,
Sprague Electric Co., 347 Marshall St., North Adams, Mass. 01247

SPRAGUE COMPONENTS

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

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
THIN-FILM MICROCIRCUITS  ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

455-6121 R1 'Sprague’ and ‘@' are registered trademarks of the Sprague Electric Co

ON READER-SERVICE CARD CIRCLE 9
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Future moon shots depend on close-up Better isolation techniques are expected to result in improved IC
photography of Lunar Orbiter. Page 24. performance that may match discrete semiconductors’. Page 17.

Also in this section:

lons help determine spacecraft’s attitude. Page 28.
News Scope, Page 13 . .. Washington Report, Page 31.
Editorial: Let's pay more than lip service to matters of life and death. Page 49
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Did You Know
Sprague Makes 51 Types

of Foil and Wet
Tantalum Capacitors?

FOIL-TYPE
RECTANGULAR
TANTALEX® CAPACITORS

Type 300D polarized
plain-foil

Type 301D non-polar-
ized plain-foil

Type 302D polarized
etched-foil

Type 303D non-polar-
ized etched-foil

ASK FOR BULLETIN 3650

ON READER-SERVICE CIRCLE 162

SINTERED-ANODE
TUBULAR
TANTALEX® CAPACITORS

.

Type 109D elastomer seal 85 C
Type 130D elastomer seal 125 C
Type 137D hermetic seal 125C

ASK FOR BULLETINS 3700F, 3701B, 3703

ON READER-SERVICE CIRCLE 165

SINTERED-ANODE
RECTANGULAR
TANTALEX® CAPACITORS

Type 200D negative
terminal grounded

Type 202D both
terminals insulated

ON READER-SERVICE CIRCLE 168

FOIL-TYPE TANTALUM
CAPACITORS TO MIL-C-3965C

CL20,CL21 tubular 125C polarized etched-foil
CL22, CL23 tubular 125 C non-polar etched-foil
CL24, CL25 tubular 85C polarized etched-foil
CL26, CL27 tubular 85C non-polar etched-foil
CL30, CL31 tubular 125C polarized plain-foil
CL32, CL33 tubular 125C non-polar plain-foil
CL34, CL35 tubular 85C polarized plain-foil
CL36, CL37 tubular 85C non-polar plain-foil
CL51 rectangular 85C polarized plain-foil
CL52 rectangular 85C non-polar plain-foil
CL53 rectangular 85C polarized etched-foil
CL54 rectangular 85C non-polar etched-foil

ON READER-SERVICE CIRCLE 163

SINTERED-ANODE
CUP STYLE
TANTALEX® CAPACITORS

=ﬂ=

Type 131D 85 C industrial-type
Type 132D 85 C vibration-proof
Type 133D 125C vibration-proof

ASK FOR BULLETINS 3710B, 3711

ON READER-SERVICE CIRCLE 166

SINTERED-ANODE TANTALUM
CAPACITORS TO MIL-C-3965C

CL14 cylindrical, %” diam.
CL16 cylindrical, %” diam., threaded neck
CL17 cylindrical, 1%” diam.

CL18 cylindrical, 1%” diam., threaded neck
CL44 cup style, uninsulated

CL45 cup style, insulated

CL55 rectangular, both terminals insulated
CL64 tubular, uninsulated

CL65 tubular, insulated

ON READER-SERVICE CIRCLE 169

125 C FOIL-TYPE
TUBULAR
TANTALEX® CAPACITORS

Type 120D polarized plain-foil
Type 121D non-polarized plain-foil
Type 122D polarized etched-foil
Type 123D non-polarized etched-foil

ASK FOR BULLETIN 3602C

ON READER-SERVICE CIRCLE 161

85 C FOIL-TYPE
TUBULAR
TANTALEX® CAPACITORS

Type 110D polarized plain-foil

Type 111D non-polarized plain-foil
Type 112D polarized etched-foil
Type 113D non-polarized etched-foil

ASK FOR BULLETIN 3601C

ON READER-SERVICE CIRCLE 164

SINTERED-ANODE
CYLINDRICAL
TANTALEX® CAPACITORS

Type 140D
up to 175 C oper-
ation, %” diam.

Type 141D
up to 175 C oper-
ation, 1%4” diam.

ASK FOR BULLETIN 3800

ON READER-SERVICE CIRCLE 167

For comprehensive engineering bulle-
tins on the capacitor types in which
you are interested, write to:
Technical Literature Service
Sprague Electric Company
347 Marshall Street
North Adams, Mass. 01248

SC-5158 R1

SPRAGUE

THE MARK OF RELIABILITY

Sprague’ and ‘(2)’ are registered trademarks of the Sprague Electric Co,
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Ford Foundation satellite:
plan stirs controversy

Officials of the Ford Foundation
have stirred up a hornet’s nest with
their proposal to create a new non-
profit company to beam domestic
television via satellite. At recent

Congressional hearings, Ford
Foundation president McGeorge
Bundy and TV advisor Fred

Friendly were kept busy alternately
dodging bouquets and brickbats.
Most of the kind words for the
satellite plan came from members of
the Senate Communications Sub-
committee who viewed it, in the
words of Chairman John O. Pastore
(D-R.I.), as “of tremendous mo-
ment to the public.” As expected,
though, existing carriers like Com-
sat, AT&T and ITT stopped fight-
ing each other long enough to make
common cause against the proposal.
The Ford Foundation plan (see
ED 19, Aug. 16, 1966, p. 73) would
embrace a satellite system to serv-
ice both commmercial radio and TV
as well as educational TV. Actually,
Ford Foundation officials feel that
the term educational TV is inap-
propriate. The proposed plan, said
Bundy, calls for programing of an

information-cultural nature, not
just educational.

Regardless of what it is called,
the noncommercial programing
would be subsidized by profits
realized from commercial users. A
review board, to be established un-
der the plan, would decide on the
types of programs and on who would
be subsidized to show them.

Although the Ford proposal was
made to the Federal Communica-
tions Commission, which has the
authority to authorize domestic
communication satellites, Congress
is extremely interested because of
its involvement in eduecational TV.
Under the Educational TV Facili-
ties Act, the Federal .Government
has been providing money to the
states on a matching-funds basis.
The Act is due to expire soon and
Congress is looking for ways to en-
sure the continued growth of educa-
tional television.

According to Sen. Pastore, how-
ever the FCC acts on the Ford pro-
posal, “Congress can still step in.”

In opposing the Ford plan, Com-
sat, through its chairman, James

TV industry awaits outcome of satellite debate.

ELECTRONIC DESIGN, September 13, 1966

McCormack, maintains that only
Comsat can legally own satellites.
Comsat bases this contention on the
Communications Satellite Act of
1962. Ford Foundation officials con-
tend, however, that the 1962 Act
applies only to nondomestic satel:
lites. Ford officials have stated,
though, that they have no objection
to Comsat supplying the satellites
for the proposed system, provided
that it makes available the same
funds to subsidize the noncommer-
cial broadcasting. There seems little
chance of agreement on this ap-
proach, since Comsat and the other
carriers are opposed to having com-
mercial broadcasters subsidize edu-
cational TV by paying artificially
high rates to use satellites.

U.S.A.F. to catalog
spacecraft radar images

The Air Force is making elec-
tronic portraits of spacecraft shapes
for a catalog of radar images of pos-
sible future satellites.

The portraits will be taken of
some two dozen satellite models dur-
ing 2000 hours of tests between now
and December at the Radar Target
Scatter installation near Holleman
Air Force Base, N. M.

Col. Thomas O. Wear, director of
the Air Force’s Space Track Pro-
gram, explained: “In attempting to
identify objects in space, which may
be from 80 miles high up to hun-
dreds of miles, radar signals reflect-
ed from completely symmetrical ob-
jects are not difficult to analyze. But
irregularly shaped space vehicles
which may be tumbling present
difficult problems. There are five
basic points of information that we
need to pin down for space object
identification.”

Col. Wear said these were body
motion about the center of mass,
size and shape, mass and distribu-
tion of mass, electrical composition
of the body, and fin structure.

NASA outlines costs
of post-Apollo plans

The National Aeronautics and
Space Administration has made its
first estimates of the funds required
for five alternative programs that
might be used as follow-ups to its

13



News
sconECONTINUED

Apollo man-on-the-moon project.

An analysis of the five possible
future space programs was given to
the House Manned Space Flight
Subcommittee by Dr. George E.
Mueller, NASA associate adminis-
trator for manned space flight. His
funding estimates did not include
the costs of NASA’s science, appli-
cations and research programs.

The plan that seems most favored
by NASA would be a long-term
balanced program that would lead
gradually to an operational Earth-
orbital station, a lunar station and
Mars and Venus fly-bys with an
ultimate goal of a manned landing
on Mars. Its estimated annual cost
could be a maximum of $4.2 billion
after six years.

The most costly program followed
the same pattern, but for reasons of
national prestige on an accelerated
basis with a Martian landing by
1980. It would cost at least $6 billion
within five years.

Dr. Mueller also cited a $3 billion
project to concentrate on the build-
ing of space stations for economic
benefits to Earth. A program with
an early peak budget of $3.4 billion
dropping later to $2 billion a year
would push ahead with lunar ex-
ploration and related scientific ex-
perimentation. NASA’s last alterna-
tive was a six-year program of
planetary exploration with heavy
emphasis on early manned landings
to cost some $4.3 billion a year.

Are UFOs really
only ball lightning?

Two Westinghouse scientists have
a campaign that may clarify many
unidentified flying object (UFO)
sightings (see Editorial, ED 19,
Aug. 16, 1966, p. 63). They are mak-
ing transmission gratings that can
be used to indicate whether these
strange lighted objects might be ball
lightning plasmas. If so, they would
appear as a series of spectral lines
through the grating, including a
bright red one due to hydrogen and
a blue one due to nitrogen. A solid
lighted object would appear as a
continuous color spectrum.

A strong argument that corona
discharges generated at high-power

14

transmission lines are what is be-
hind many so-called UFOs was pre-
sented by Philip J. Klass in Avia-
tion Week, Aug. 22, p. 48. He
attributes the increasing number of
reported sightings in recent years
to a combination of many more
high-voltage lines and more pollut-
ants in the air that could induce
breakdowns.

Drs. Martin Uman and J. L.
Moruzzi of the Westinghouse Re-
search Labs. who have been making
a study of the ball lightning phe-
nomena, are producing the gratings
in a home workshop. The public may
buy them for $1 each by writing to
their makers at 579 Lucia Road,
Pittsburgh, Pa. 15221.

Comsat will purchase
satellite earth station

The Communications Satellite
Corp. (Comsat) has agreed to buy
from the American Telephone and
Telegraph Co. (AT&T) the satellite
earth station at Andover, Me. Under
the agreement, which requires Fed-
eral Communications Commission
approval, Comsat will pay AT&T
some $5 million.

Comsat presently leases the sta-
tion from AT&T to transmit and re-
ceive signals to and from its Early
Bird satellite for telephone, tele-
vision and data communications.

The Andover station includes a
giant horn antenna, 177 feet long
and 94 feet high, and its associated
equipment. A microwave transmit-
ter and 2-kW TWT beam signals to
Early Bird, launched in April, 1965.
Signals from the satellite are picked
up at power levels as low as 1 pW
and are amplified by means of a
ruby crystal maser.

Philco consumer articles
may bear Ford’s name

The Ford Motor Co.’s name may
soon appear on the countless com-
mercial and industrial electronic
products manufactured by its sub-
sidiary, the Philco Corp.

Authoritative sources say that
the move is likely to be announced
next month by Henry Ford II in
person when he visits Philco’s ad-
vanced research and development
facilities at Blue Bell, Pa.

Philco has sought for some time
to use Ford’s name to help strength-

en its position in a highly competi-
tive field. Ford is engaged in a cam-
paign to associate its image with
other than automotive products.

Both companies, however, are at
present reserving comment on the
report of this latest move.

High-speed computers
to employ MOS arrays

The “world’s fastest computer” is
the aim of a classified military proj-
ect now underway. The completely
parallel machine would use 50,000
MOS integrated circuit arrays. The
limited speed of present MOS de-
vices would be compensated for by
the parallel machine organization.

In the late ’50s a similar pro-
gram, called Project Lightning, in-
volved IBM, RCA and Remington
Rand. Three techniques (cryogen-
ics, tunnel diodes and thin films)
were explored with tunnel diodes
eventually winning the nod. But
there turned out to be major prob-
lems in building big TD machines.
Now the MOS seems to be taking
over the top spot for the “fastest
computer” role.

One obvious application for such
large-scale, rapid computing would
be the discrimination problem in
anti-missile defense. Telling decoys
from the real thing would have to
be done PDG.

Wescon engineers tap
Nixon for President

Lyndon Johnson was trounced as
a candidate for election to the Pres-
idency in a public opinion poll
among engineers visiting Wescon in
Los Angeles last month.

The poll, conducted by Motorola-
Cubic Corp., gave Richard Nixon an
edge over George Romney as the
most popular occupant of the White
House.

Asked if a Presidential election
were held tomorrow whom would
they vote for, the engineers gave
1864 votes to Nixon, 1730 to Rom-
ney, 932 to Robert Kennedy and
817 to Johnson.

Ballots were divided 4450 in fav-
or of bombing the area round Hanoi
in North Vietnam and 651 against.
A total of 3461 engineers voted
against a national firearms control
bill; 1810 were for it.
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Integrated Circuit

TESTHR

MODEL 851

Now test your circuits the same way you would use them in your own system!

Nine independent dynamic and static tests programmable for all com-
monly used 1.C. types.

Less than 15 seconds required for complete functional testing of DTL,
RTL, TTL, ECL, and linear circuits.

TO cans, flat paclcs, and dual-in-line elements accommodated.
Convenient handling of flat packs provided by vacuum pick-up.
Light-weight, portable, suitable for any incoming inspection, quality

control, or engineering lab requirement.

PHONE 215-846-8100
TWX 215-6846-9398

‘ONITOR

SYSTEMS INC.

FORT WASHINGTON, PENNSYLVANIA
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ELECTRONIC DESIGN, September 13, 1966

15




INPUT TRANSFORMER Ainceson BATTERY

MODEL AM-1 e
[

The PAR Model CR-4 Low-Noise High-Gain Amplifier is designed for
extremely small signal pre-amplifier applications and for use with PAR

v H Lock-In Amplifiers to extend their low-level signal recovery capabilities.
= The unit features:
e differential or single-ended e rugged printed circuit

input construction

= = e selectable high (50M) or low e 6%" wide, 5” high, 834" deep
= (50K) input impedance e price without batteries
20 to 80 DB gain $575.00

e selectable bandpass 1 CPS to ® also available: several optional

TEn 300 KC features such as impedance
m I Ier long-life Hg or rechargeable matching input transformer and
NiCd battery pack fast-recovery Model CR-4A with

completely transistorized selectable bandpass from 10
easily panel mounted CPS to 300 KC

TYPICAL AMPLIFIER NOISE FIGURE CONTOURS NOISE FIGURE CONTOURS

ol v T i Experiments in general are performed at some definite source
| impedance level and over some definite frequency bandwidth.
Noise referred to shorted input as frequently specified does not
provide meaningful information for actual experimental applica-
tions. It is instead essential to know the noise characteristics of
an amplifier not only at the particular operating frequencies but
also with the particular source impedances actually encoun-
tered. Noise figure contours are the loci of points of constant
noise figure (F) plotted as a function of source impedance and
operating frequency, and, therefore, provide this complete in-
formation. They indicate the degradation in signal-to-noise ratio
obtained with the pre-amplifier at a particular frequency with a
particular source impedance, input noise being the Johnson noise
generated by that source impedance at 290 degrees Kelvin.
The contours are obtained from the following equation:

F=20 log total measured amplifier noise (including Johnson noise)
18 calculated Johnson noise

20 db 15 db

SOURCE IMPEDANCE AT 290°K—OHMS

DB

Write for Bulletin No. 117

PRINCETON
APPLIED RESEARCH CORP.

T T Dept. E
S Rl £ Box 565, Princeton, N. J., Tel. (609) 924-6835

K 10

FREQUENCY—CPS
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NEWS

Better isolation boosts IC performance

Introduction of ceramic and refinement of dielectric

improve microelectronic capability and reliability.

Mark B. Leeds
Technical Editor

The day may not be far off when
integrated-circuit performance will
be on a par with that of discrete
semiconductor circuits. This goal is
being made feasible by innovations
in IC isolation techniques.

Major manufacturers are report-
ing advances. Among the develop-
ments are these:

®m Texas Instruments is isolating
active integrated-circuit compo-
nents with ceramic. The company
has produced and sold some of the
ICs for evaluation.

® The entire integrated-circuit
line of Radiation, Inc., and “at least
95%” of the ICs made by United
Aircraft’s Norden Div. are em-
ploying polyecrystalline silicon di-
electric isolation. In both cases the
companies have abandoned the
standard p-n junction type of isola-
tion. A Norden spokesman says that
the company expects its isolation to
enable it to develop a 40-watt linear
amplifier on a monolithic chip.

® Westinghouse reports that it
has overcome a key problem of di-
electric isolation by using a layer of
silicon carbide.

The improved integrated circuits
that are emerging offer:

m Voltage-handling capabilities
suitable for operation in direct-line
applications and higher.

® Fast switching speeds in the
same region as those now prevail-
ing in discrete logic circuits.

®m Radiation-resistance levels as
high as those possessed by conven-
tional semiconductors.

®m Higher degrees of over-all cir-
cuit reliability.

These advantages will be ex-
ploited not only in military, space
and nuclear programs but also in
advanced, high-speed computer sys-
tems, line-driven industrial proc-
essing and control complexes, and
consumer entertainment equipment.
Some of the new isolation methods

ELECTRONIC DESIGN, September 13, 1966

have already been employed in ICs
for military programs.

The major drawback of the new
isolators, however, is their present
relatively high cost. The new ICs in
which they are employed cost from
20% to 50% more than standard
integrated circuits. For this reason,
most manufacturers warn, wide-
spread use of p-n isolation is likely
to continue for some time. Further-
more, the innovations are still being
evaluated individually; no compar-
tive study has even begun on ceram-
ic vs improved polycrystalline sili-
con dielectric isolation.

Junction isolation has limitations

Present p-n junction isolation—
in essence a back-biased diode that
separates the chip’s active compo-
nents—is inexpensive and compati-
ble with manufacturing processes.
But it, too, has limitations—for ex-
ample, voltage limits typically do
not go above 80 V; radiation im-
munity is considerably lower than
that in discrete components; and
operating frequencies and switch-

ing speeds are limited by such para-
sitics as capacitances (see table).

A minor battle may be in the
making between the proponents of
ceramic and dielectric isolation. Be-
sides Texas Instruments, RCA! and
Motorolaz are also doing work on
ceramic ICs but have not yet mar-
keted any of the -circuits. And
among the companies backing di-
electric isolation, Fairchild—in ad-
dition to Radiation, Norden and
Westinghouse—is pursuing its own
method of building extra-high-per-
formance logic ICs.

Texas Instruments reports that
its' ceramic-isolation technique is
less costly than standard dielectric
isolation and offers high yields and
improved capabilities (see table).

The saving in costs is ascribed to
the use of inexpensive starting ma-
terials and the elimination of the
critical, expensive and lengthy p-n
junction diffusion process.

The insulating properties of ce-
ramic are both electrically and
mechanically superior to those of
conventional isolators. The better
semiconductor surface that ceramic
thus affords makes possible higher
device yields per slice than are ob-
tainable with conventional isolation

Table. Ceramic and junction isolation contrasted.

(collector to substrate)

3. Gain-bandwidth
product

4. Speed-power product

5. Radiation resistance
Neutron type

to substrate)

With Junction With Ceramic
Consideration Isolation Isolation
1. Junction capacitance 2 pF O:15pE
(collector to substrate)
2. Breakdown voltage 80V =200V

(100)(100 MHz)
50 mW-ns

10'2 neutrons /cm?

: Transient gamma type 108 rads/s for both.

6. Latch-up type hazard immunity
destruction

7. Leakage (collector 1-500 nA a few pA; usually

(200)(200) MHz)
20 mW-ns

1-2 orders of
magnitude higher

unmeasurable
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(new isolation, continued.)

processes. As much as 75% of the
area of a ceramic slice may contain
usable devices, in fact.

Because of leakage, breakdown,
chemical resistance and similar fac-
tors, the conventional isolating
diode junction limits the over-all
reliability ‘of standard ICs. But in
the ceramic-isolated chip, as in dis-
crete designs, no special safeguards
have to be taken with the diode
junction, and the reliability of the
circuit (Fig. 1) is consequently
higher. The ceramic-isolated IC also
resembles discrete designs, in that
there are no parasitic capacitances
across back-biased junctions.

True complementary transistor
units can be placed on the same ce-
ramic chip. With conventional mon-
olithic ICs, on the other hand, the
pnp devices are comparatively low-
grade transistors, which are not the
complete counterparts of the npns.

Dynamic performance is higher

Dynamic performance is also
higher with ceramic ICs. Texas In-
struments reports that application
of a standard loop test has shown
that the circuits are dynamically
equivalent to discrete designs and
approximately 30% better than
junction-isolated ICs. Propagation
delays of 1.6 ns have been noted—
compared with the 6 to 10 ns typical
of conventional ICs of this type
(ECL logic circuits).

Life, shock and thermal tests con-
ducted by Texas Instruments on the
ceramic ICs have demonstrated that
“these units are as reliable or better
than standard ICs,” says Richard
Abraham, manager of the compa-
ny’s Integrated Circuit Engineer-
ing facility in Dallas, Tex.

“TI, like many other firms,”
Abraham reports, “has investigated
standard dielectric-isolation meth-
ods to supplement the junction-iso-
lated integrated circuit lines. We
now lean toward the use of ceramic
here as superior to conventional di-
electric techniques. Our intent is to
market a line of premium-perform-
ance ICs, not to replace our existing
junction-isolation IC products.”

This supplemental role for ceram-
ic ICs in new applications has been
seconded by Motorola and RCA.

Motorola’s director of applied
science, Dr. Arnold Lesk, considers
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using ceramic isolation shows how
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cal properties superior to those realiz-
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2. Ceramic isolation process is ac-
complished in six major steps, many
of which resemble the processing
techniques of conventional, junction-
isolated ICs. The result shows how
the ceramic cement completely sur-

“the degree of isolation associated
with ceramic to be almost perfect.”
He adds: “These near-ideal semi-
conductor surfaces will enable us to
build very high-frequency linear in-
tegrated circuits, just to cite one
area for new applications.”
Motorola’s Semiconductor Prod-
ucts Div., in Phoenix, Ariz., has not
yvet begun to produce ceramic-isolat-
ed units in quantity. Lesk explains
that this is because “we are not

rounds the sides and bottom of each
active area (also see Fig. 1). Hydro-

fluoric etching is used to control the
thickness of the thinned-down slice.
Air pockets between active regions
are filled in with the ceramic slurry.

completely  satisfied with the
processing procedures, although we
have no complaint with the concept
itself.”

“One of the processing problems
is along compatibility lines—name-
ly, that special diffusions are needed
by the glass-like material,” Lesk re-
ports. “A second difficulty relates to
the thermal conductivity; ceramic
matrices have a higher thermal re-
sistance than silicon units, thus get-
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Consider these characteristics

° Sermet reliability now available for power applica-
ions.

o Compact modular packaging—overall dimensions are
only 1.500” by 1.225” by 0.370” with heat sink.

e High power—8 to 20 watts per module depending
upon allowable operating temperature, air flow, duty
cycle and number of pins used.

e Low inductance—less than 10 nanohenries up to 200
megacycles.

o Layout flexibility—up to 24 external pins on .125”
centers can accommodate a dozen or more cermet
resistors.

e + 1% standard tolerance from 20 ohms to 1 megohm.

° Sﬁecial low resistance values available down to 10
ohms.

e Available in quantity NOW—over 250,000 already pro-
duced.

® Available with copper heat sink bonded to alumina
substrate.

® Dual-in-line staked pins for rapid insertion—can
withstand 7.5 Ibs. tensile or compressive force.

Shown without normal l !
insulative cover coat to ,
illustrate resistor network.

770 Series Environmental
Specifications

04% A R max.
0.1% A R av.

Load Life: 9 watts for 1,000 hours at
55°C ambient in 300 fpm air flow

0.2% A R max.
0.05% A R av.

Moisture Resistance: 95% R.H. at 70°C,
10 days load, 10 days no load

Standard temperature coefficient of

resistance —50 to 4350 ppm/°C

0.10% A R max.
0.03% A R av.

Thermal Cycling: 5 cycles, —60°C to
+125°C no load

Samples are available off the shelf.
Kit of three modules for $13.00.

order yours today!

Founded 1896

@

Think about it

CTS RESEARCH, INC. /LAFAYETTE, INDIANA

Subsidiary of CTS Corporation, Elkhart, Indiana
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Now from Sprague!

4x actual size

METANET

TRUE METAL-FILM PRECISION RESISTOR

‘NETWORKS

Save Space, Time, and Money

@ High packaging density—4 to
8 times that of individual com-

ponents.
@® Fewer components to stock,
handle, inspect, install. Entire

module can be hand-inserted
faster than one axial-lead com-
ponent.

@ Permit substantial savings over
equipment assembled with indi-
vidual components.

® Epoxy terminal board keeps
pin terminals free of resin coat-
ing, unlike conventional dipped
components, and provides uni-
form lead spacing.

® Stand-off bosses permit effi-

SPRAGUE COMPONENTS

cient flux removal after solder-
ing. Also prevent dirt and mois-
ture traps around leads.

@ Extremely stable and reliable.
Meet performance requirements
of MIL-R-10509E. Resistance tol-
erances to ==1%.

® Ceramic capacitors can be
incorporated for further savings
and size advantages over indi-
vidual components.

For complete information write to
Integrated Circuit Application En-
gineering Department, Sprague
Electric Company, 347 Marshall
Street, North Adams, Mass. 01248

RESISTORS

CAPACITORS

TRANSISTORS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
INTERFERENCE FILTERS
4SM-4145 R4

FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS
PULSE TRANSFORMERS

PULSE-FORMING NETWORKS

PACKAGED COMPONENT ASSEMBLIES

CERAMIC-BASE PRINTED NETWORKS

SPRAGUE

THE MARK OF RELIABILITY

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

ON READER-SERVICE CARD CIRCLE 13
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(new isolation, continued)
ting rid of excess heat may be a
problem.”

Lesk says that “neither of these
problems is insurmountable, howev-
er, although they are holding up our
formal introduction of ceramic-iso-
lated chips.”

Significantly, Texas Instruments
has no qualms about the diffusion
cycle or the thermal properties. It
avoids any special diffusions by
completing the diffusion steps be-
fore the ceramic is added. Tight
control of the thickness of the ce-
ramic layer also circumvents the
problem of heat removal. Abraham
points out that “the package itself
is often more critical in terms of
heat dissipation than the thermal
properties of the chip materials.”

METALIZED
CONNECTED NTERCONNECT DISCONNECTED
N DIODE

DIODE LINE

INTACT
LINK LINK

FUSIBLE-LINK SYSTEM

FUSED

COLUMN
CONNECTIONS

SILICON
DIOXIDE

SILICON
"P" TYPE DIELETRIC
SILICON LAYER
POLYCRISTALLINE
SILICON
MONOLITHIC STRUCTURE

3. Monolithic diode matrix (a) is
made by a dielectric-isolation process.
This 6 x 8 array is suited for ap-
plications in coding, decoding and
addressing-type networks. Each diode
in a column (b) is connected to the
line by a fusible link.
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RCA, like Texas Instruments, is
not troubled by the heat-removal
problem. According to Arthur I.
Stoller, research engineer at RCA
Laboratories in Princeton, N.J.,
“we take the heat away from the
top surface of the chip, instead of
the usual practice of removing it
from the back.” But as with Moto-
rola, RCA still looks on the
processing with some concern, and
this has delayed market introduc-
tion of the chips.

New ICs for communications
Stoller, however, expects “to see
off-the-shelf ceramic-isolated cir-
cuits for communications applica-
tions within a year or so.” He con-
tinues: “These will be in areas
where both the higher frequency
and voltage properties are needed.
The ceramic method will do this,
and most of the resulting ICs will
be of the linear and analog variety.
Moreover these will be new inte-
grated product lines, rather than
replacements for a significant num-
ber of our standard ICs.”
Abraham anticipates that mili-
tary applications will be the practi-
cal testing ground for ceramic ICs.
He said: “We have sent over 1000
ceramic units to a military custom-
er [whom he declined to identify]
that has tested and used them with
success.” A classified program was
involved and high radiation-resist-

ance was a governing IC spe-
cification.
Abraham also expects “ceramic

units for industrial IC applications
to be made available on an off-the-
shelf basis in 6 to 18 months.”
Part of the delay is attributed to
the processing of the ceramic ICs.
More careful handling than with
conventional ICs is called for. But
“once the ceramic is applied, the
circuit becomes exceptionally dura-
ble, well beyond the Ilevel of
junction-isolated units,” claim Dr.
Thomas H. Ramsey and Timothy
Smith, engineers in Texas Instru-
ments’ Integrated Circuits Dept.
The physical structure (see Fig.
1) and the manufacturing-cycle
chart (Fig. 2) show how the active,
isolated regions are separated by
the ceramic. The lead and contact
system is covered by a thick layer of
Si0,. This helps to hold the air-iso-
lated components together before
the ceramic is applied. The ceramic
completely surrounds the bottom

ELECTRONIC DESIGN, September 13, 1966

and sides of each active region rath-
erlike a cement-lined moat. Texas
Instruments’ manufacturing proc-
ess is ‘“‘completely compatible with
standard IC production procedures,”
Ramsey (developer of the ceramic
IC) notes.

The starting material used for
most ceramic-isolated IC devices has
been single-layer expitaxialn on n+.
Standard diffusions (base, emitter,
buried resistors, etc.) are then made.
Typically, these diffusions are shal-
low. This fact, coupled with the high
isolation of the ceramic, is largely
responsible for the final, high-speed
characteristic (Fig. 3a). Figures
3b-3d shows how the slice is pre-
pared for the ceramic.

A ceramic isolation medium in
the form of a slurry is applied as a
thin layer (Fig. 3e). This cement
has high thermal conductivity, high
breakdown voltage, and high resis-
tance to chemicals and to mechanical
and thermal shock. The ceramic
medium is then cured to provide the
necessary final rigidity (Fig. 3f).

Dielectric as alternative to p-n

Off-the-shelf IC products em-
ploying dielectric isolation are a
growing reality, whereas ceramic
isolation is still largely in the ex-
perimental stage; an in-depth com-
parison of the two has therefore not
yet been made. What can be stated
with certainty, however, is that
both isolation types have better
electrical properties than p-n junec-
tion isolation. These properties in-
clude radiation hardening, higher
breakdown voltage and lower ca-
pacitances. Moreover, dielectric iso-
lation is already considered superi-
or to junction isolation in certain
specific applications®. It is, however,
costlier and relatively more critical
in terms of manufacturing require-
ments.

Radiation, Inc., of Melbourne,
Fla., which is using the dielectric
technique exclusively, reports that
it is suitable for “linear and digital
circuits and diode arrays, for both
military and industrial IC use.”

(1) OXIDATION
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4. Silicon carbide is used in a dielec-
tric type of isolation for integrated
circuits. This innovation (a) serves as
a shield during the critical removal

of excess crystal material from the
functional side of the wafer. To a
linear IC, SiC oxide isolation brings
a higher gain-bandwidth product (b).
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CW Filter Time Domain Filter

Superior

Pulse Response

with Time Domain Crystal Filters

Damon applies advanced insertion loss design techniques to
realize Time Domain Crystal Filters with prescribed transient
behavior. Overshoot and ringing can now be eliminated in
pulse systems. Damon has supplied filters with Gaussian, Bessel
and Thomson polynomial characteristics. Completely elimi-
nated are the pitfalls inherent in attempting to obtain desired
pulse behavior from ‘‘equivalent’ steady state design. Damon
Time Domain Filters are aligned and tested under pulse con-
ditions simulating actual equipment operation. Applications
include Pulse Doppler Radar, FM-CW Radar, Spectrum Analysis,
Pulse Interference Rejection, and Pulse Data Communications
Systems such as PCM, FSK,

Write for Data on Time Domain Crystal Filters.

DAMON ENGINEERING, INC.

240 HIGHLAND AVENUE, NEEDHAM HEIGHTS 94, MASS.

(617) 449-0800
ON READER-SERVICE CARD CIRCLE 14
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(new isolation, continued)

Warren Vergason of the compa-
ny’s Marketing Services Dept. cites
monolithic diode matrics (Fig. 3),
a high-gain amplifier, a broadband
operational amplifier and three
complete DTL logic series as repre-
sentative of Radiation products
that employ the new isolation tech-
nique. Vergason says: “In addition
to the extremely low parasitic ca-
pacitances and radiation hardening,
our circuits also feature uncondi-
tionally stable amplification.”

40-W linear amplifier forecast

The Norden Div., of United Air-
craft, Norwalk, Conn., another com-
pany heavily committed to dielec-
tric isolation, began the conversion
from p-n junction isolation about a
year ago.

According to Herschel Hochman,
chief of Solid-State Research and
Development, “at least 95% of our
off-the-shelf monolithic integrated-
circuit chips are now made with the
dielectric isolation process.”

Of a 40-watt linear amplifier that
Norden is developing, Hochman
says: “We hope to market this
amplifier and an integrated, 10-
ampere power-switching circuit in
a year or thereabouts.

“Without detracting from the im-
proved radiation hardening that ac-
crues with the dielectric technique,
we are at least equally interested in
the high breakdown voltages and
lower parasitics that also result.
We feel these are the keys to a new
generation of high-performance lin-
ear ICs.”

Meanwhile dielectric-isolation pro-
duction headaches are receiving
treatment. Westinghouse’s Molecu-
lar Electronics Div., Elkridge, Md.,
is using a layer of silicon carbide
(SiC) to solve the problem of excess
single-crystal material. The layer is
vapor-grown on the n-type silicon;
silicon dioxide is grown on top of
that; and all three layers are then
covered with polycrystalline silicon
(see Fig. 4). The SiC provides a
shield or stopping layer during the
etching and lapping of the slice to
permit selective removal of excess
single-crystal material from the
functional side of the silicon wafer.
The stopping layer can also be used
as a heavily doped semiconductor
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region to improve the high-frequen-
cy characteristics of the circuit.

A pilot line of SiC dielectric-iso-
lated ICs has been developed. It is
being applied in high-speed digital
circuits, high-frequency linear cir-
cuits and for military ICs requiring
radiation hardening.

T. V. Sikina, an engineer in the
Thin-Film and Surface Develop-
ment Dept. at Westinghouse, be-
lieves that this isolation technique
will make its presence felt in com-
plex subsystems and systems. Pre-
dicting that “large-scale digital ar-
rays, with greater numbers of dig-
ital junctions, will become common
in monolithics,” Sikina points out
that “because of the superior isola-
tion, there will be less cross-talk
and far fewer unwanted interac-
tions between logic circuits.”

He continues: “The initial costs
will be higher here, largely because
of the processing complexities and
the fact that the new technique is
more suitable now for special de-
signs and custom circuit functions.”
But, he adds, “in the long run di-
electric-isolation forms may well
become cheaper than the junction
isolation that is prevalent today.”

Radiation resistance a plus

A different form of dielectric iso-
lation is being used by Fairchild
Semiconductor, Mountain View,
Calif. Fairchild has developed and
produced a DTL line of custom ICs
in which radiation resistance is a
critical factor.

As reported by Dr. Gordon
Moore, director of R&D at Fair-
child, “these were specially manu-
factured for a military user, but
both the technique’s details and the
identity of the customer are pro-
prietary.” Dr. Moore goes on: “We
are also considering this isolation
means for some new linear circuits
and a basic line of ICs containing
high-voltage transistors.” = =
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basic measuring tools from

HEWLETT

PACKARD

Field-proven 4038 AC Voltmeters

Battery-operated portability, ac operation for bench use
Accurate, fast measurements 5 Hz-2 MHz, 0.001-300 v full scale
Special version for increased resolution in db measurements
Case isolated for above-ground measurements

Individually calibrated taut-band meter for increased accuracy

Use them for:

Sub-audio to rf voltage measurements
Measuring amplifier gain, filter response

Power line measurements

Measuring voltages in portable equipment

These solid-state voltmeters are battery-
operated for portable field use, and allow
accurate measurements where ground
loops are troublesome. Accuracy is
+2%, 10 Hz to 1 MHz and 5%, 5 Hz
to 10 MHz.

Model 403B, Option 01, $335 puts
the db scale uppermost for increased
resolution. The basic 403B is priced at

$310. H22-403B is available with faster
response time of one second full scale.
Ask your Hewlett-Packard field engineer
for a demonstration or write for complete
specifications: Hewlett-Packard, Palo
Alto, Calif. 94304, Tel. (415) 326-7000;
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