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Theyre
on our shelf

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

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

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

baluns, ring modulator. All in continuous
production for sample or high-volume
requirements.

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

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

N.Y. 10013. UNITED TRANSFORMER COMPANY
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Choice of precision signal condi-
tioning in multi-channel units or
single channel plug-ins.
Fourteen electrically controlled
chart speeds

Internal 1 Sec. and 1 Min. timers
and marker

Front access to secondary
calibration adjustments.

Remote control for paper drive,
chart speeds, and marker

kKoK

Modular construction of electronic
and mechanical sub-assemblies for
easy on-line servicing in the rack

Individual galvanometer on each
channel

Rugged, laminated pen with
tungsten carbide tip

Core magnet galvanometers assure
no inter-channel interaction
Low-paper interlock shuts off

chart drive

Contactless capacitive pickup near
pen tip for accurate feedback
Modulated low-pressure ink system
assures constant trace width

Disposable ink cartridge can be
changed with recorder running

Kk

Roll or Z-fold chart paper without
expensive options . . . you can
change from one to the other quickly
and easily

this...

and this...

True rectilinear recording
Thin-line, high quality trace

+

Plus . . . instant data retrieval on
Z-fold paper. For help with your
recording problems call your HP
field engineer or write for full
information on HP 7800 series re-
cording systems. Hewlett-Packard,
Waltham, Mass. 02154; Europe:
1217 Meyrin-Geneva, Switzerland.

What more could you ask for?

HEWLETT | | PACKARD

RECORDING SYSTEMS
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Customize this HP Function Generator
to fit your Measurements

PHASE LOCK
SINGLE &
MULTIPLE

CYCLE

Start with the basic ability of the
HP 3300A Function Generator—add
the capability of its plug-ins—and
you get a function generator that fits
your specific needs. It's equally at
home performing ordinary day-to-
day lab tests or providing a sweeping
signal that can be used to measure
the impedance of an ape’s brain. No
matter what the task, you get the
reliability and accuracy you need to
get the job done.

The HP 3300A Function Generator
gives two simultaneous outputs (sine,
square or triangle) across a fre-
quency range of 0.01 Hz to 100 kHz.
Mix or match your output signals
with individually selectable function
and amplitude controls. Price, $650;
HP 3301A Auxiliary plug-in, $30.

The HP 3302A Trigger / Phase -
Lock plug-in lets you phase-lock any
two functions to an external periodic
signal. Phase can be controlled over
a 360° range. Control single or mul-

2 Circle 2 on reader service card

BASIC FUNCTIONS

SWEEP & DC OFFSET

tiple bursts with an external signal
or the front panel manual trigger.
Price, $225.

The HP 3304A Sweep/Offset plug-
in provides a linear sweep adjustable
in frequency and width within any
decade over the entire frequency
range. Variable dc offset of =16 Vdc
is provided for each function includ-
ing the internally generated sawtooth
—makes hard-to-get driving func-
tions readily available. Price, $265.

The HP 3305A Sweep plug-in lets
you sweep up to four decades without
switching ranges. It sweeps logarith-
mically in any of three overlapping
ranges for narrow or wide band test-
ing between adjustable start/stop
limits. Use the manual sweep for
close inspection of any portion of
the trace or for accurate frequency
identification.

The 3305A’s continuously adjust-

_able sweep time of 0.01 to 100

seconds is slow enough for accurate

4 DECADE

response testing of high-Q devices
and fast enough for good visual dis-
plays of wide band response. For
ease of automated testing, either the
frequency or the sweep trigger can
be externally controlled. Price, $975.
Get the function generator that
best fits your measurements. Consult
your catalog and order by calling
your nearest HP order desk. For data
sheets, write to Hewlett-Packard,
Palo Alto, California 94304. Europe:
1217 Meyrin-Geneva, Switzerland.

099/15

HEWLETT \hp; PACKARD
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Readers Comment

Hooray for pay tv

To the Editor:

I read with considerable interest
your article concerning Zenith
Phonevision [May 26, p. 123].
While the article as a whole was
substantially correct, I feel obli-
gated to take issue with one point.

On page 124 you state: “Eaves-

dropping . . . is prevented by vary-
ing the video coding. > And
further, on page 128: “Finally,

Zenith’s decoders were proved ef-
fective, with no known instances of
encoded signals being unscrambled
by privately built equipment.” It
is my belief that there were four
groups of electrical engineers near
Hartford who were trying to build
their own decoder. Two companies
represented were Hamilton Stand-
ard, and Pratt and Whitney Air-
craft. Two of the four groups suc-
ceeded in decoding the audio, with
varying degrees of audio quality.

In January, I successfully oper-
ated a “privately-built” decoder
for both audio and video. While
results were not perfect—due to
some video smear and an incor-
rect component—it was viewable.

I decided to build a decoder as a
senior project. However, I was told
by the head of the electrical engi-
neering department that it was not
acceptable since “There was noth-
ing to it, since all that was neces-
sary to do was to hook a bunch of
parts together.”

In any event, my hat is off to the
people who developed the Phone-
vision system. A lot of thought
and hard work went into the sys-
tem, and I wish them well with it
—as I feel that it is about the last
hope for relief from the garbage
that is put out on commercial tele-
vision. Perhaps some competition
will improve network programing,

I noted that in your article you
were careful to divulge no exact
technical data. I feel much the same
way, since it would hardly be fair
to tell all while the system is in
commercial use. There is some
effort involved in building your
own unit, however. My decoder,
while largely composed of inte-
grated circuits, would, if built dis-
cretely, involve somewhat in excess
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All the advantages of tantalum...at low cost!

Type 196D Dipped
Solid-Electrolyte
Tantalex” Capacitors

Here’s a capacitor design that admirably fills the need for low-cost
yet dependable solid tantalum capacitors suitable for printed
wiring boards. Straight leads as well as crimped leads are readily

available to meet your manufacturing needs.

Actual Size Covering a broad range of capacitance values from .1 uF to

330 uF, with voltage ratings from 4 to 50 VDC, Type 196D Capacitors
are protected by a tough insulating coating which is highly

INFORMATION RETRIEVAL NO. 510
resistant to moisture and mechanical damage.

45C-9124

Tiny in size...Giants in volume efficiency!

Type 160D, 161D
Solid-Electrolyte
Tantalex” Capacitors

for hearing aids and ultra-miniature circuits

Type 160D

Tiny Type 160D/161D Tantalex Capacitors are sealed within a
Type 161D polyester film tube with tightly-bonded epoxy fill, so the assembly is
both electrically insulated and highly resistant to moisture. They are

available with axial leads as well as in single-ended construction.

- Offering extremely high capacitance per unit volume (for example:
Actual Size 0.25 uF @ 20 VDC in a case only .065” D. x .125” L.), Tantalex
INFORMATION RETRIEVAL NO. 511 Hearing-aid Capacitors let you select from a broad range of ratings
in five different case sizes.

4sC-9125

For complete technical data on Type 196D Capacitors, request Engineer-

ing Bulletin 3545A. For the full story on Type 160D/ 161D Capacitors, ®
write for Engineering Bulletin 3515D. Address Technical Literature Serv- p R n G U E
ive, Sprague Electric Co., 35 Marshall St., North Adams, Mass. 01247.

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

Sprague’ and ‘(D" are regi of the S| Electric Co.

Electronics | June 23, 1969 5
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THE

NVESTIGATORS

FOR TRACKING DOWN INSULATION LEAKS

The 1863 for production and
inspection testing of insulation

This versatile new “leak detective” isa
high-performance megohmmeter
priced at only $385%. Five test volt-
ages (50, 100, 200, 250, and 500 V)
cover the range specified by most MIL
and EIA Standards for testing the
insulation resistance of mica-, glass-,
paper-, ceramic-, and plastic-dielectric
capacitors. The 1863 is equally suit-
able for insulation-resistance investi-
gations on cables and electrical ma-
chinery; its 50-k{2 to 20-TS) total
resistance range covers most in-
sulation specifications.

The 1864 for R and D applications

Another hundred dollars give you an
even more versatile investigator, the
Type 1864 Megohmmeter. It has an
additional resistance range and 200
test voltages from 10 to 1000 V (1-
volt steps from 10 to 109; 10-volt
steps from 110 to 1000 V). The 1864

Circle 6 on reader service card

is an excellent instrument for low-
voltage leakage (resistance or current)
investigations of diodes, transistors,
and aluminum and tantalum electro-
lytics. Its resistance range is from 50
k&2 to 200 TS2. Price: $485*.

Both have these features:

® They are direct reading.

® Basic accuracy is +3% at low end of
range.

® Correct meter multiplier is auto-
matically indicated for each range.

® Super-stable meter circuitry elim-
inates need for meter calibration
(CHECK) adjustments.

® No warmup drift.

® Safe, 5-mA, current-limited test
voltage sources.

® Warning light indicates whenever
potential exists across instrument
terminals.

® Strap-connected guard and ground
terminals permit either grounded or
ungrounded measurements.

® Qutput provides a voltage propor-
tional to meter reading for semi-
automatic limit-testing and data-
recording applications.

® Available in either rack-mounting
model or in a unique Flip-Tilt cabi-
net that provides protection and
doubles as an adjustable bench
stand.

For complete information, call or

write General Radio Company, W.

Concord, Massachusetts 01781; tele-

phone (617) 369-4400. In Europe:

Postfach 124, CH 8034, Zurich 34,

Switzerland.

*Prices apply only inthe U.S. A.

GENERAL RADIO

Electronics | June 23, 1969



Readers Comment

of 218 transistors. Of course, this
is not the most efficient design by
any means, but it gives some feel
for the circuitry involved. Needless
to say, it’s not a weekend project.

Henry J. Laguillon
Southampton, Mass.

Always helpful

To the Editor:

I would like to call your atten-
tion to the article “Rotating disks
and drums set peripheral memories
spinning” by Michael French [May
26, p. 96]. In it, I am quoted [p.
+97]; while the quote is accurate,
the company division referred to
is wrong. We are the Magne-Head
rather than the Magnefile division
of the General Instrument Corp.
Magnefile is a competitor of ours.

Richard J. Martin

Director of Marketing
Magne-Head division
General Instrument Corp.
Hawthorne, Calif.

Two sorts of ZIP

To the Editor:

Thank you for the notice given
to the Post Office’s Symposium on
Pattern Recognition [May 12, p.
34]. We wish to take exception,
however, to certain connotations
inherent in this article.

Many readers would assume that
the Philco-Ford reader, discussed
at the symposium, was for machine
imprinted ZIP Codes and not for
uncontrolled handwritten  ZIP
Codes. Philco-Ford’s numeric script
reader is a research project and
is entirely different from the 10
alphanumeric operational optical
character readers now in the field.

The performance figures quoted,
45% to 47%, are correct for the
numeric script reader. Our OCR’s,
however, maintain an average ac-
ceptance rate on the order of 75%.

Edward M. Reilley

Director

Research and development
Post Office Dept.
Washington, D.C.

Electronics | June 23, 1969

HF
Efficiency
Experts

Granger multicouplers let one antenna serve two or
even four HF transmitters simultaneously without
interference or interaction. Each transmitter func-
tions as if it were the only one in the circuit.
Efficient. . .save on antennas and ground space.

Granger balun transformers provide the most
efficient way to transfer power from transmitter to
antenna. Efficient ... use economical 600 ohm
lines on the long runs from transmitter to antenna
and still get the 50 ohm coax connections where
you need them.

Let G/A baluns and multicouplers help make you
an efficiency expert in designing new HF systems
...or improving older installations. Write for
complete data.

GRANGER
ANTENNA AND TRANSMISSION
DIVISION

Granger

Associates

1601 California Avenue, Palo Alto, California 94304
Granger Corner, 1 Brooklands Road, Weybridge, Surrey, England
1-3 Dale Street, Brookvale, NSW, Australia

Circle 7 on reader service card
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Who's Who in this issue

Zahalka

Well-traveled is the word for Lee
B. Zahalka, who wrote the article
on computer simulation’s important
role in ground station design that
starts on page 126. A Johns Hop-
kins graduate, he has accumulated
over 20 years experience in mili-
tary, commercial, and aerospace
systems work which has taken him
as far afield as India, Spain, Italy,
Australia, Thailand, Mexico, and a
host of other countries.

Bucci

Advanced technology is associate
editor Bill Bucci’s beat; the latest
result of his coverage, a cover
story on pulse-code modulation’s
growing pains, begins on page 94.
A 1954 graduate of Columbia Uni-
versity, Bill has worked at Stevens
Institute of Technology and the
Bell Telephone Laboratories as a
technical press relations specialist;
he was an assistant editor at the
Bell Labs Record svhere he wrote
about laser pem, high-capacity co-
axial pem, and related subjects be-
fore joining Electronics.

Gans

Vice presidencies are a typical
dream for many engineering stu-
dents. Frederick Gans, author of
the piece on common-mode rejec-
tion ratios (page 116), has made it,
but is still hitting the books in
pursuit of a master’s degree in
electrical engineering at the Poly-
technic Institute of Brooklyn. Cur-
rently vice president for product
development at the IC Metrics
Corp., Gans earned his B.S. at
Columbia University in 1966. Be-
fore joining IC Metrics last sum-
mer, Gans worked at Grumman’s
Microelectronics Laboratory where
he helped to write a proposal for
standardizing linear IC definitions
used as a basis for MIL STD 883,

Hamiter

Reliability has been the professional preoccu-
pation of Leon C. Hamiter Jr. during his Na-
tional Aeronautics and Space Administration
career. Currently chief of the parts and micro-
electronics branch at the Marshall Spaceflight
Center’s quality and reliability assurance lab,
he wrote the article on metal oxide semicon-
ductor reliability (page 106). Jay Farley, man-
ager of reliability and quality assurance at
American Micro-systems, and Don Drum,
manager of reliability and quality assurance
at General Instruments” Microelectronics divi-
sion, contributed to both the NASA project and
the article.
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There’s no better way to meet today’s

new circuit design challenges than with
RCA'’s “building block™ linear IC’s.
Evaluate them now for RF, IF, AF and DC
amplifiers; sense amplifiers; multi-function
circuits; Schmitt triggers; balanced
multi-channel circuits and many others.
Work with the RCA QK2202 Linear
Array Sampler—a box full of linear
integrated circuit “building blocks.”

Circle 9 on reader service card

Sharpen your
circuit ingenuity

Work with RCA'’s Linear IC
“Building Block’ Sampler

There are 10 types (23 devices in all)

of virtually unlimited flexibility. You get
high-gain amplifiers; differential
amplifiers; Darlington and multi-transistor
arrays, and diode arrays. You get wide
design capabilities—from DC to 500 MHz.
Of course, you get thorough
documentation—technical and
applications data—Linear IC Manual—
mounting and connection techniques
information—and a copy of ST-3895,

“Design Ideas for RCA Linear Arrays."”
In short, you get all you need to build
your skills with RCA’s dependable linear
array “‘building blocks.” Your RCA
Distributor has RCA QK2202 Linear
Array Sampler kits at $37.95 (optional
distributor resale price). Get yours—
and get started—now.

RCA Electronic Components, Harrison,
N.J. 07029

1 | Integrated
/LI Circuits



DIRECT FUNCTION PROCESSOR

SEQUENCE COUNTER

hesl
e

DATA




You have never seen a
computer like this before

1 L L1
|

The GRI 909 is the first truly innovative
approach to computer architecture
since the general-purpose computer
was first applied as a control device.
It goes beyond traditional design to
provide a new level of power and
flexibility. A true system controller, it
provides the only logical answer to
many of the basic problems that face
system designers . . . problems like
these:

PROBLEM #1
The Real World Interface

In spite of claims to the contrary, the
typical small computer is designed pri-
marily as a calculating device, not as
a controller. The system "designer,
after describing his system function-
ally, must either transcribe his design

into the non-functional language of the -

computer with all its expressed and
implied constraints, or turn over the
programming responsibility to a spe-
cialist whose background usually is not
related to the system application. Re-
sult: substantial expense, long delays
and occasionally, built-in software
limitations.
O

No problem with me@@@
The GRI 909, designed as a system
controller, is organized functionally.
ALL data registers, whether associ-
ated with the processor, firmware op-
tions or input/output devices, are
equally accessible to the system de-
signer. ALL data registers may be in-
cremented, shifted or algebraically
tested: the traditional arithmetic oper-
ator, with its associated registers, is
optional. The GRI 909 programming
language is tailored to the functional
organization of the processor itself.
Input/output devices are operated with

Electronics | June 23, 1969

the same basic language code. The .

system designer can both design a
system and implement its application
in this functional language.

PROBLEM #2
The Data Flow Maze

Conventional computer architecture
is designed around an instruction rep-
ertoire, with maximum computing
power as the major criterion. The in-
put/output instructions are a second-
ary consideration and instruction
power is limited. The flow of data in
and out is impeded by the “implied”
operations of the instructions. Free
communication between internal com-
puter elements and external devices

1s not possible. =

No problem with @m“@@@
Here the problem is solved by extend-
ing the I/O bus system into the heart
of the central processing unit itself.
Data is free to flow directly between
devices external to the computer and
the arithmetic unit, memory, or any
of the internal registers without stop-
ping along the way in special accumu-
lators. This free direct flow cuts down
on time consumed in moving data
about, and reduces or eliminates the
need for temporary storage. A unique
advantage is GRI 909’s ability to per-
form certain simple operations — in-
crement, complement, shift left or
right — on the fly.

PROBLEM #3
The Black Box Hang-Up

Once a computer is selected the sys-
tem designer is locked into a pre-
established set of capabilities. The
CPU is essentially a black box, and
there is little that can be done to alter
its basic structure. If the system re-
quirements change to include say a
“hardware multiply”, or “hardware
square root”, or “hardware byte
swap”, or “hardware anything”, the
only alternative is to go to a bigger,
more expensive computer possibly re-
quiring a complete new interface de-
sign with all new software.

(©)]
No problem with @I‘D:@@@
The GRI 909 has provision for the
addition of firmware options. And by

firmware we mean, not merely the
substitution of read-only memory for
software, but a broad range of hard-
wired plug-in functions which can
replace a variety of software routines.
This gives the system designer com-
plete freedom to adapt the computer
to changing system needs, and to
evaluate trade-offs between speed and
economy in individual cases.

Basic characteristics

The GRI 909 cannot be fully evaluated in con-
ventional computer terms. But for those who
like to play the numbers game, the following
characteristics are listed:

* Full Cycle Time: 1.76 usec for a 16-bit word

* Memory Reference Instruction: 32K directly
addressable — not page oriented.

* Memory Addressing Modes:

A. Direct Mode: Single Address Instruc-
tion, 32 bits (16 bit op. code, 16 bits
address)

B. Immediate Mode: 32 bits (16 bits op.
code, 16 bits data)

C. Deferred Address Mode: One level of
indirect addressing with 32K of auto-
indexable locations

* Every device in the system, both inside and
outside the computer, is directly addressable
by programmed instructions.

Direct memory access channel is available
on the same data and control lines as the
programmed input/output channel (I/0 rate:
1.76 ws/word). No DMA multiplexer is re-
quired for multiple DMA devices.

Priority interrupt system has full capability to
be used as a single channel interrupt or as a
full hardware interrupt at the option of the
system designer.

The GRI 909 with 4K 16-bit words
of memory and ASR33 Teletype sells
for under $10,000. Basic units start
at $3600.

August deliveries will include: basic
assemblers which can be assembled
in the GRI 909 or the IBM 360, pro-
gramming aids, math routines and util-
ity routines.

Let us tell you more — Because
GRI 909 is a completely new breed
of computer, it is impossible, here, to
cover its many unique features and
their implications for the system de-
signer. If you build control or instru-
mentation systems let us tell you what
GRI 909 can do for you. For a copy
of our new brochure write to:

G-R INDUSTRIES, INC.

76 Rowe Street,
Newton, Mass. 02166
(617) 969-7346
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1-24 25-99 100-999
LM 101-883 general purposeopamps . . . . . . . . . .$28.50 $23.00 $19.00
EM 10 A:8838 S hichiperformance opiamps ' iy« aun ottt s 105100 41.00 34.00
LM 102-883 voltage followeropamps . . . . . . . . . . 2850 23.00 19.00
LM 104-883 negative voltageregulators .- . . . . . . . . 36.00 29.00 24.00
LM 105-883 positive voltage regulators . . . . . . . . . 2850 23.00 19.00
LM 106-88: voltage comparators/buffers . . . . . . . . . 33.00 26.60 22.00
LM 107-883 high performance compensated op amps . . . . . 56.00 45.00 37.00
LM 709-883 general purposeopamps . . . . . .« . o . . 10.35 8.65 7.40

PARTS NOW. Off the shelf. All Mil-Std-883 Linear ICs, straicht from National’s special 883 production and testing lines.
GET THE WHOLE STORY. Send for National’s 883 Linear Software Package. A big, thick compilation of Mil-Std-883

literature. Includes detailed brochure on National’s 883 program, specific specs on linear parts, full data sheets and price

lists, plus complete 883 software—all the specs already written. N t ] I / 88
ational /383

TR AT e T AR Car R A R R e S R R e 5 1
l National Semiconductor Corporation I
| : 4 ' |
| 2975 San Ysidro Way |
= Santa Clara, California 95051 I
| Please rush the big, thick, complete **883 Software |
I Package™ to :
| Name |
} Company l
| Address |
= City Zip I
MR e b R e T e R =l
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Applications Powerk
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FETS IN
TUNABLE
FILTERS

Problem: To design a low cost, light-
weight voltage tunable filter.
Solution: Use FETs as Voltage-
Controlled Resistors (VCRs). Here
is one approach:

n‘ 02 +VCC

®) Ry
INPUT VCRIIN
SIGNAL e} wpe %
VOLTAGE A1
CONTROL A=

6L %mmur
LOW PASS FILTER JJ

With this circuit you can have a
tuning range up to 20:1 with a roll-
off of 12 dB/octave. Weight is in the
ounce-plus region and size is about
11, cubic inches. Here are the de-
sign conditions and equations:

Rin>10Xe:,
Ro.<0.1Xoc1 .
R=R:+} R,
M2 = Gi/C..
ras — FET drain-source
resistance,
Al Tas
T 1— V[ Ve
Tr4s — Tras with Ves = 0.
on = Corner frequency,
[ 2 Vcs/ Ve
T ra MG

*1f you need a voltage tunable
filter, and cost, size, weight and low
power consumption are important
considerations, give us a call for
fast applications assistance. That’s
applications power: Products and
service! Ask for Extension 19.

Siliconix
incorporated

7740 W. Evelyn Ave. ® Sunnyvale, CA 94086
Phone (408) 245-7000 ® TWX: 910-339-9216
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Who's Who in electronics

Lowell

His business card reads, “A. C.
Lowell, Chairman of the Board, L-
Squared Industries.” The initials
of his newly formed company—LSI
—suggest that Art Lowell won’t be
out of the semicdnductor business
for long. Lowell, 50, resigned as
Autonetics’ director of microelec-
tronics applications and advanced
products three months ago to join
Joseph Leaming, president of both
L-Squared Industries and Electron-
ics Development Corp. The latter
firm specializes in equipment, such
as frequency-modulated up-down
converters, for the fast-growing
community antenna television
(CATV) industry.

Electronics Development exper-
tise is the wedge that Lowell ex-
pects L-Squared will use to move
into the world of the “wired com-
munity” overseas. He hopes to
have a commitment shortly for a
demonstration model of a wired
community in an area in which
there are three to four times more
tv sets, already served by cable,
than there are telephones; an area
whose name Lowell, understand-
ably, won’t divulge.

For both the demonstration and
anticipated follow-on systems for
communities outside the U.S., a
separate entity will be created,
jointly held by L-Squared and an
as-yet-undisclosed partner. The
joint firm, Lowell says, would pro-
vide an advanced wideband (500
megahertz) microwave system, data

terminals, and a multiplexing ar-
rangement.

Fun and profit. “In the overseas
areas we're interested in,” Lowell
says, “we can provide auxiliary
communications with wideband
transmissions and multiplexing
with a subcarrier on the video.”
He foresees a community having
some 25,000 consumer CATV oul-
lets plus about 2,000 businesses
with data terminals.

For the data terminals, Lowell
says, L-Squared will need complex
large-scale integration, metal oxide
semiconductor memories: random-
access memories with 500 to 1,000
bits of storage and read-only mem-
ories with up to 5,000 bits. He had
hoped to get them from Autonetics,
but he says that because of Auto-
netics” backlog of more than $110
million in orders, the semiconduc-
tor maker won’t be able to meet
his requirements—which, he claims,
will reach a peak in 18 months.

Thus Lowell plans to build, in a
separate joint venture with still an-.
other undisclosed partner, a 35,000-
sq.-ft. plant to make the memories.
The irrepressible Lowell hopes to
have the first devices off the lines
by February.

Recognizing his own unbounded
optimism, which he labels “the
Lowell factor,” he admits that
“everything has to break right for
the Lowell factor to work right.”
This means getting the semicon-
ductor facility on stream, locking
up the commitment for the overseas
wired-community demonstrations,
and forming a foreign corporation
—a majority of which would be
held in the U.S.—to operate an
overseas manufacturing facility for
L-Squared Industries.

Pragmatists in Congress have long
claimed that NASA gives costly
space programs like Apollo and un-
manned planetary probes the nod
over practical programs in the area
of space applications. Now NASA
is responding to that criticism by
elevating Leonard Jaffe, formerly
director of space applications pro-
grams, to a new post: deputy asso-
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Ideal
Constant Current

Like Having 2,500,000,000 Ohms in Series With
2,500,000 Volts

Independent Voltage Limit
— preset your voltage, light
warns when complying vol-
tage limit is reached.

Excellent Resolution —
0.02% of range setting,
three decades of ranges.

Precise Regulation — 25
ppm down to 1 microampere
output.

Patented Guard Circuit —
prevents leakage paths and
voltage monitoring from de-
grading output.

Unlike many so-called ‘“constant current” sources, the
new CCB Series has the necessary high impedance,
non-capacitive output. There is essentially no stored
energy to dump, delaying response to programming or
load changes. Patented Guard Circuit allows the output
voltage to be monitored, externally, without degradation.
Further, the new CCB Series permits you to preset
current and voltage before connecting your load.

Two models are now available: the 6177B at 0-500 mA,
0-50V; the 6181B at 0-250 mA, 0-100V. Either can be
remote programmed (resistance or voltage) with an
accuracy of 1% or better.

= [ ][ wm ] T
HEWLETT ﬁ PACKARD | | _;E;-J-T
POWER SUPPLIES ﬁ%‘i_

Other operating features are: Transient recovery time
of less than 200 usec for output recovery to within 1%
following a full load change; programmed speed of
less than 500 usec. from zero to 99% of programmed
current output; resolution of 0.02% of the range switch
setting; rms ripple less than 80 ppm of range.

Both Constant Current Sources are 3%” high half-
rack size, weighing 10 Ibs., and are priced at $425.00.
For additional specifications, contact your local HP
sales office or write: Hewlett-Packard, New Jersey
Division, 100 Locust Avenue, Berkeley Heights, New
Jersey 07922 . . . In Europe, 1217 Meyrin-Geneva.

Additional Constant Current/Voltage Models
For Higher Current . . . less sophistication

3 MODELS 9 MODELS
0-3A 0-3A
Up to 50V Up to 320V
Circle No. for details 515 Circle 516 Circle 517

21906



Universal Welding and Drilling

16

Hadron's LPM Series represents a unique solution to
the laser applications problem — its modular
construction and easily exchangeable work fixtures
make it equally useful for various industrial
applications as well as for general laboratory
applications. The versatile, reliable LPM is a fully
integrated system, where the laser head, optics,

and power supply are all contained in one small (24" x
18” x 12"), lightweight (125 pounds) unit. The
interlocking of work fixtures minimizes radiation
hazards in industrial applications. Closed-circuit
television provides for viewing and setting up where
required. Q-switched operation provides for
synchronization.

Engineered to meet precision production tool
standards, special emphasis has been placed on:
Reliability « Low Operating Cost « Compactness e
Simple Operation  Ease of Maintenance e
Adaptability e Safety ¢ Versatility

Available in Q-switched as well as normal mode
configurations, the LPM system is a proven tool not
only for precision microfabrication but also for

the balancing of small gyros, motor rotors, as well as
watch balance wheels.

In the research laboratory, Hadron’s LPM Series
fulfills the exacting requirements of the scientist in
such areas as fluorescence analyses, radiation
studies, material evaluations, as well as general
laboratory applications.

A rugged easily removable laser head provides for
long maintenance-free operating life. Flashlamp
replacement does not necessitate optics realignment.

The water-cooled LPM laser provides an energy up to
5 joules, a pulse width of 800 microseconds, and a
repetition rate up to 1 pulse per second.

Baslc LPM System with %

Fixture and Closed-Circuit

Television Setup ‘

THE NEW CONCEPT
IN LASERS

For complete specifications, price, and delivery

information, call or write: m

300 Shames Drive
Westbury, New York 11590
(516) 334-4402
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Who's Who in electronics

Jaffe

ciate administrator for applications.

-In addition, Jaffe will be acting
director of the Earth Observations
Programs Office which will include
such programs as the emerging
Earth Resources Technology Satel-
lite program, Tiros, Nimbus, the
new synchronous meteorological
satellite, and sounding rocket pro-
grams. Slated for the directorate in
the new organization is Richard
Marsten, currently manager of ad-
vanced programs technology for
the RCA Astro-Physics division.
Marsten will head the Communica-
tions Program Office and be
charged with navigation and traffic
control satellites, geodetic satel-
lites, the Applications Technology
Satellite program, and activities in
support of Comsat.

On your mark. Says Jaffe of the
new position: “The higher level of
organization is recognition on the
part of NASA of the increasing im-
portance of space applications.”
Jaffe sees the 1970°s as the time
when the big push will finally be
made in such areas as data-relay
satellites, and broadcast and navi-
gation satellites. The pacing item,
according to Jaffe, is the beginning
of the Earth Resources Technology
Satellite program. On a more mun-
dane level, Jaffe says that the new
organization will also mean a larger
staff in the Space Applications Of-
fice and more money for research
in the area of potential space ap-
plications programs.

Jaffe, an EE, has been with NASA
since its inception, and was with
its predecessor.
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Convert vour‘p .

The first plug-in unit that
transforms an existing
scope into a curve tracer—
at Y2to ¥ the cost!

U-Tech plug-in

Model 681: $595.00*.
For use with Tektronix
560 series Oscillo-
scopes.

U-Tech plug-in

Model 682: $615.00*
For use with Tektronix
530, 540, 550, 580 se-
ries Oscilloscopes.

Now you can expand your present Oscilloscope to include

U-Tech Console
Model 683: $625.00*.
For use with any X-Y
Oscilloscope.

*Prices apply to purchases and shipments within
U.S A fob Salt Lake City, Utah

Electronics | June 23, 1969

-

curve tracer capabilities. U-Tech plug-in and console units
enable any X-Y Oscilloscope to display the dynamic char-
acteristics of both NPN and PNP transistors, N Channel and
P Channel junctions, FETs, MOS-FETs, bipolars, unijunc-
tions, diodes. tunnel diodes and SCRs.

So, if it wasn’t in the budget before, now it can be, and
even if you were planning for a curve tracer, you can now
buy two, possibly three, of these units for the price of any
other characteristic curve tracer.

Ask your distributor about these U-Tech curve tracer
units or order direct.

P—----—-----_-----— S D S e TG e G S oRee SOS smen M
A Division of Industrial Physics

1
! -TEc and Electronics Company

4190 South State Street, Salt Lake City‘, Utah 84107

[] Yes. send me curve tracer model
_Enelosed is: [[]Check []P.O.

‘Neme Title

{]Billme []Send literature

Company Name

Company Address

City State Zip
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Several
hundred thousand
unfair advantages.

There you are, busting your back trying to beat
another company to market with a new, improved
electronic Thing.

Everything looks good — up to the point where
sub-assembly X has to be connected to board B.
And you've never seen a connection like that before.

What do you do now? Take an R&D break?
Give a connector-maker a panic call, and half
your budget, to develop a special?

Sweat not. We're sitting over here with several
hundred thousand different connectors. Most of
them were specials, once. Many of them are
patented. And all of them are ready. Now.

Card edge connectors. Two-piece PC connectors.
Board-to-board connectors. Miniatures. Sub-
miniatures. Dual-in-Line receptacles. Back panel
metal plates. Rack and panel connectors. Mil spec
cylindrical connectors. Tube and transistor sockets.
Even new Mojo™ modular card edge connectors
which you sort of invent as you go along. All
available with the respected Varicon™ metal-to-
metal connection that fully meets Mil-E-5400.

Because they're ready, you get a jump on your
competitor while he re-invents one. Because they're
standard, you put your Thing together for less
money than he can. It may be unfair. But it’s fun.
And profitable.

But what if we don’t have a standard for you?
Still no problem. Because, with hundreds of
thousands of different connectors already behind
us, your special will just be a not-quite-standard.
So we’ll be able to save a lot of time and R&D, too.

We have several pounds of catalog, containing
more information about connectors than you
probably care to have. So don’t just send back
a reader information card. Call, write, wire, or
TWX us, and tell us either your specific problem
or your general field of interest. We'll send you
the pertinent few ounces. I

gy}

Elco Corporation, Willow Grove, — —/
Pa. 19090. (215) 659-7000 TWX 510-665-5573.

ELCO Connectors
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here’s the way it looks.

Switches under glass.

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

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

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

A different kind of bobbin.

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

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

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

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

Little things mean a lot.

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

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

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

Coiled by computer.

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

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

insulation.

A coat of iron.

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

Finally comes super wrap. .

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

It’s attention to detail that helps us keep our

" miniature relays miniature. Now we’re just wait-

ing to show you how perfectly it measures up to
your specifications. Automatic Electric Company,
Northlake, Illinois 60164.

AUTOMATIC ELECTRIC

sussiniARY oF GENERAL TELEPHONE & ELECTRONICS
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TODD

cost
cutting
system
power
supplies!

More watts/in3/°C/$

ﬁﬂ SERIES

22

FEATURES:

Full rating with no external heat

sink required

71 Degree C Operating Temperature

.5 MV RMS Ripple

.01% Regulation

Short Circuit & Overload Protection

5 year warranty

e Designed to Meet MIL Environment
Specifications

e OverVoltage Protection optign

Available:

“M" Series to 1.1 amps $69
“A” Series to 3.7 amps $99

“B" Series to 5.0 amps $115
“C" Series to 7.5 amps $135

For complete information, con-
tact your local Todd representa-
tive or write to:

=] [

TODD PRODUCTS CORP.

28 Laurel Street
Hicksville, N.Y. 11801
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Meetings

Diverse exposure at radiation conference

Their titles alone indicate that one
of the more intriguing aspects of
the annual conference on Nuclear
and Space Radiation Effects—July
8-10 at University Park, Pa.—
should be the roundtable discus-
sions. Two are planned: “System
prediction—fact or fancy?” and
“Device hardening—its need and
practicality.” The former will delve
into the problems involved in de-
veloping a general computer pro-
gram that can be used to predict
the radiation effects for just about
any system, and thus avoid having
to generate a new model for each
new system. The latter will explore
the provocative question: Should
the program engineer develop new
devices that are radiation hard-
ened and then try to get manufac-
turers to build them; or, should
he try to adapt the system to ac-
commodate the use of existing
hardware and devices?

To provide some diversity, the
banquet talk will be on the subject
of biological oscillations. In it, Ed-
mond Dewan of the Air Force’s
Cambridge Research Laboratories
will cover the natural rhythms of
human and animal bodies and dis-
cuss the interesting possibility of

using human brain waves as elec-
trical inputs to control a computer.

The conference boasts, in addi-
tion to roundtables, seven technical
sessions on a wide range of topics.
Several papers will treat the dis-
placement effects in semiconductor
materials and devices. They’ll ex-
amine the effect of fast neutrons
on transistors and concentrate on
how to overcome some of the diffi-
culties when using junction field
effect transistors. Another fairly
comprehensive session will focus
on the problems of charge buildup
in insulating layers, and on surface
effects. And several papers will
cover new surface preparations
that minimize these effects in
transistor, integrated circuit, and
metal oxide semiconductors.

Other sessions will deal with the
radiation effects in circuits and
systems, energy disposition and
dosimetry, and transient ionization
effects. Also, a special symposium
will include two topics: The poten-
tial of field ion microscopy in the
investigation of radiation effects,
and the breakdown of organic ma-
terials under irradiation.

For information contact D.K. Wilson, Bell
Telephone Laboratories, Whippany, N.J. 07981

Calendar

Parallel Processor Systems,
Technologies and Applications,
Department of Defense, Naval
Research; Navy Postgraduate School,
Monterey, Calif.; June 25-27.

Conference on Applications of
Continuous System Simulation
Languages, Association for Computing
Machinery, IEEE; Sheraton-Palace
Hotel, San Francisco; June 30-July 1.

Aviation and Space Conference,
American Society of Mechanical
Engineers; Statler Hilton Hotel, New
York; June 30-July 2.

Computer Science and Technology
Conference, University of Manchester
Institute of Science and Technology;
London, England; June 30-July 3.

Conference on Environmental Effects
on Antenna Performance, Institute for

Telecommunication Sciences,
Cooperative Institute for Research

in Environmental Sciences, Air
Force Cambridge Research
Laboratories; University of Colorado,
Boulder, Colo.; July 7-18.

Conference on Measurement Education,
IEE; University of Warwick,
Warwickshire, England; July 8-10.

Conference on Nuclear and Space
Radiation Effects, IEEE; Pennsylvania
State University, University Park, Pa.;
July 8-11.

International Conference on Medical
and Biological Engineering,
International Federation for Medical
and Biological Engineering, Joint
Committee on Engineering in Medicine
and Biology, IEEE, Instrument Society

(Continued on p. 24)
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A logic approach

for systems having

special little wrinkles

If your logic-system design matches up end-to-end
with someone’s standard products, fine. But if
there’s a peculiar little wrinkle in there — one that
defies pre-packaged answers — we're your people.
We supply standard products, and help smooth out
wrinkles, too.

For products, we offer PHILCOLOGIC Micromod-
ules in today’s most advanced logic module design.
Unique three-dimensional format accepts all existing
IC’s, discretes, and hybrid combinations. Size is only
a fraction of PC-card modules.

Compatible logic lets you freely intermix both
digital and analog functions on a common chassis.

For speedier troubleshooting, they offer front
access to all input/output terminals as test points.
For quicker replacement, color-coded labels identify
logic type and family at a glance. For higher reli-
ability, a rugged mechanical design proved in service
at NASA Manned Space Center.

’*9§§m§
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And down-to-earth prices.

For wrinkle smoothing, we offer brainpower. It
comes in when your system requirement departs the
beaten path. Our customer-aid engineers get paid for
keeping up with the rapidly changing world of logic,
which comes in handy when you need a trail blazed
across uncharted design territory. The PHILCOLOGIC
Support (PS) design service is available to all our
logic module customers.

Product and support system Data File 155 rounds
out the story. For your copy, write Product Sales
Manager, WDL Division, Philco-Ford Corporation, Mail
Station C-41, 3939 Fabian Way, Palo Alto, California
94303. Or call (415) 326-4350, extension 5981.

PHILCO-FORD CORPORATION
PH II co WDL Division « 3938 Fabian Way
Palo Alto, California « 94303
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Meetings

(Continued from p. 22)

of America, American Society of
Mechanical Engineers, American
Institute of Chemical Engineers;
Palmer House, Chicago; July 20-25.

03 BEx s HOusLL

Annual Conference on Engineering in
Medicine and Biology, International
Federation for Medical and Biological
Engineering, Joint Committee on
Engineering in Medicine and Biology,
IEEE, Instrument Society of America,
American Society of Mechanical
Engineers, American Institute of
Chemical Engineers; Palmer House,
Chicago; July 20-25.

Knock
it off
its
pedestal

and win a job
at Bell & Howell!

For two years we've

Conference on Instrumentation Science,
Instrument Society of America; Hobart
and William Smith College, Geneva,
N.Y.; July 28-Aug. 1.

Seminar on Case Studies in System
Control, IEEE; University of Colorado,
Boulder; Aug. 4.

Joint Automatic Control Conference,
IEEE; University of Colorado, Boulder,
‘ Colo.; Aug. 5-7.

' Third Annual Contemporary Filter

tried to top the VR 5000. | : ; Ak Y :
So has the competition. bl S 33?5?;1,?;‘?";,:2?’;\3;_“’5":;?'” e
But the VR 5000 was

so far ahead of its
time — in concept, per-
formance, reliability —
that even our best i
heads (human and mag-
netic) have been

International Photoconductivity Confer-
ence; Stanford University, Palo Alto,
Calif.; Aug. 12-15.

- —

Western Electronic Show & Convention
(Wescon), IEEE; Cow Palace & San Fran-
cisco Hilton Hotel, San Francisco; Aug.

unable to surpass it. 19-21,
And no other - ———— .
instrumentation muhl]lllmu.m mmnml""”l”” HlIW IHI]HH]“W“U"""" Symposium on Programing Languages
recorder has I‘ Ty ’ 1|||"“”ﬂ\| h Definition, Association for Computing
been able to |W I‘”P Hu”\ ”} ‘ IL//" m“, 1‘ Machinery; San Francisco; Aug. 24-25.
equal it. l, Defects in Electronic Materials for De-
Admittedly, st |

vices, Metallurgical Society of the Amer-
ican Institute of Mining, Metallurgical,
and Petroleum Engineers; Statler-Hilton
Hotel, Boston; Aug. 24-27.

several others have
come fairly close. But
being close doesn’t put

you on a pedestal. ; :
ACM National Conference and Exposi-

It you'd care to accept tion, Association for Computing Ma-
the challenge, or would chinery; San Francisco Civic Center;
just like the facts Aug. 26-28.
about the world’s finest
instrumentation Cornell Biennial Conference on Engi-

recorder — call our
nearest office. Or write

neering Applications of Electronic Phe-
nomena, I|EEE; Cornell University,

e =

Bell & Howell, AR Ithaca, N. Y.; Aug. 26-28.
105, Aok for St 1 ’ I i Education and Training Technology In-
i ternational Convention, IEE; London
e 5 “ 1 ’ y ’
Kit 3302-X1. 1 i

i
I
i | England; Sept. 2-6.
b ‘
CEC/DATA INSTRUMENTS DIVISION | I fi Electrical Insulation Conference, |EEE;
I | Sheraton-Boston Hotel & War Memorial
i Auditorium, Boston; Sept. 7-11,
ol

¥ BelLsHoOwELL

\“ t
91109. Ask for Bulletin |||

e =

‘ European Microwave Conference, IEE;
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(Continued on p. 26)

24 Circle 24 on reader service card Circle 25 on reader service card—>



less~ 7"
thange.: &%
0 S

for new high performance
A-B solid hot-molded
variable resistor. . .

-




26

WHERE
DO YOU GO
FOR THE BEST
IN PRINTED
CIRCUITS ?

Meetings

(Continued from p. 24)

International Symposium on Man-Ma-
chine Systems, IEE; St. John’s College,
Cambridge, England; Sept. 8-12.

Convention of the Society of Logistics
Engineers; Cape Kennedy Hilton Hotel,
Cape Canaveral, Fla.; Sept. 9-10.

Petroleum & Chemical Industry Tech.
Conference, IEEE; Statler Hilton Hotel,
Los Angeles; Sept. 14-17.

International Telemetry Conference, In-
ternational Foundation for Telemeter-
ing, Sheraton Park Hotel, Washington,
D.C.; Sept. 15-17.

Conference on Trunk Telecommunica-
tions by Guided Waves, IEE; London,
England; Sept. 15-17.

Solid State Devices Conference, IEE;
University of Exeter, Exeter, Devon,
England; Sept. 16-19.

Short courses

Probability and Random Processes for
Engineers and Scientists; University of
Michigan, Ann Arbor; July 7-18. $400
fee.

Fundamentals of Remote Sensing; Uni-
versity of Michigan, Ann Arbor; July
14-25. $350 fee.

Principles of Imaging Radars; Univer-
sity of Michigan, Ann Arbor; July 21-
Aug. 1. $350 fee,

Call for papers

Conference on Magnetism and Magnetic
Materials, IEEE, American Institute of
Physics; Benjamin Franklin Hotel, Phil-
adelphia, Pa., Nov. 18-21. Aug. 18 is
deadline for submission of abstracts
to Dr. H.C. Wolfe, American Institute of
Physics, 335 E. 45 Street, New York
10017.

Fall USNC/URSI Meeting, IEEE; Univer-
sity of Texas at Austin, Dec. 8-10. Sept.
22 is deadline for submission of ab-
stracts to Dr. Alfred H. LaGrone, Engi-
neering Science Building 535, The Uni-
versity of Texas at Austin 78712.

International IEEE/G-AP Symposium,
IEEE; University of Texas at Austin,
Dec. 9-11. Sept. 22 is deadline for sub-
mission of abstracts to Dr. Alfred H.
LaGrone, Engineering Science Build-
ing 535, The University of Texas at
Austin 78712,
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"ALLEN BRADLEY HOT-MOLDED
RESISTORS ENHANCE THE QUALITY
STANDARD OF OUR DATA-RECORDERS.

Mohawk Data Sciences Corporation

The time reduction achieved by the MDS
Data-Recorder method of computer input
preparation demands continuously reliable operation.

And this in turn demands the highest standards of per-
formance from each and every component.

Allen-Bradley fixed composition resistors were a natural
selection. Made by an automatic hot-molding technique
—developed and used exclusively by Allen-Bradley—
A-B resistors afford the ultimate in uniformity. From
resistor to resistor—year in and year out—physical and
electrical properties are unvarying. Predictable. Always
of the highest order.

Performance records are equally excellent. For example,
Allen-Bradley hot-molded resistors meet the require-
ments of the new MIL-R-39008A Established Reliability
Specification at the highest level—the S level. And this
is true for a// three ratings—the 1 watt, % watt, and
% watt—and over the complete resistance range from
2.7 ohms to 22 megohms.

For complete specifications on this quality line of hot-
molded resistors, please write to Henry G. Rosenkranz,
and request a copy of Technical Bulletin 5000.
Allen-Bradley Co., 1201 S. Second St., Milwaukee, Wis.
53204. Export Office: 1293 Broad St., Bloomfield, N.J.,
U.S.A. 07003. In Canada: Allen-Bradley Canada Ltd.

E=

Type HB 2 Watts

Type GB 1 Watt

Type EB % Watt

—RRS
Type CB % Watt
e
Type BB % Watt

A-B hot-molded fixed resistors are available in
all standard resistance values and tolerances, plus
values above and below standard limits. A-B hot-
molded resistors meet or exceed all applicable military
specifications including the new Established Reliability Speci-
fication at the S level. Shown actual size.

Mohawk 1101 Data-
Recorder permits transcrib-
ing of data from source

Computat magneti tape. (8 ALLEN-BRADLEY
©Allen-Bradley Company 1968 QUALITY ELECTRONIC COMPONENTS
Circle 27 on reader service card
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Our ARINC-type connectors are environmentally sealed.
And intermateable with existing types, too. The whole
family—every configuration in every type. Standard.
High density. And coaxial.

Is sealing important? Yes! Because it assures the
protection of the electronic equipment in aircraft from
dust, moisture, fluids and other harmful conditions. An
additional reliability factor is the crimp, snap-in, contacts
with dual-spring socket design for electrical integrity
under conditions of shock and vibration. Contacts are
removable for easy maintenance.

When it comes to communications and navigation
equipment, reliability and maintainability are vitally
important. Just write for information on our ARINC-type
connector improvements and we'll tell you all about
them. Industrial Division, AMP Incorporated, Harris-
burg, Pa. 17105.

TOOLING: An AMP-TAPETRONIC* Stripper/Crimper in
your plant strips and terminates wire in a single ma-
chine. Tape-mounted pin and socket contacts can be
terminated at rates of 1200 to 1500 per hour.

*Trademark of AMP INCORPORATED

Cirrla 20 nn raadar cansina navd

European companies or affiliates refer to International Section



Sprague Digital ICs. Illustration: Series 54H/74H in flatpack and DIP

Just arrived. Series 54H /74H. The fast ones.

Just about the fastest saturated logic circuits around.
Series 54H/74H from Sprague. The whole family. Flip-
flops and all.

Use them in arithmetic and processing sections, where
speed really counts. Mix and match them with Sprague’s
standard Series 54/74.

Get off to a fast start with Sprague Series 54H/74H.

Call Spraguc Info-Central (617D 853-5000 extension 5474.

Or call your Sprague industrial distributor. He has them on the shelf.
For complete specifications, circle the reader service number below.

30 Circle 30 on reader service card

TYPICAL CHARACTERISTICS GATES FLIP-FLOPS

Propagation Delay
Power Dissipation
Noise Immunity
Temperature Range
Series 54H
Series 74H
Packages

1V
—55to +125° C

0 to 470°C
DIP or Flatpack

THE MARK OF RELIABILITY
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Editorial comment

The case for an open market

To help close the technology gap that exists between
themselves and .their U.S. counterparts, European
companies are opting for mergers. The gap is under-
scored by this statistic: 90% of installed computers
in Europe, including Britain, were designed and de-
veloped in the U.S. or by subsidiaries of U.S. com-
panies. Thus, to a great extent, mergers make sense.
But there’s also a trend in Europe toward government
protection of domestic companies. And should this
trend continue, it could prove harmful to Europe’s
electronics industry.

Companies like Britain’s Marconi and Elliott Auto-
mation, to name but two, have merged so that they
could pare costs through volume production and es-
tablish a broader financial base. (Moreover, such
mergers have led to layoffs of layers of managers and
technologists. Thus, in almost a single swoop, merged
companies have improved their financial positions by
‘further reducing overhead and have eased Britain’s
shortage of engineers too.) Britain has also enacted
legislation that favors domestic companies, and the
government itself “buys British.” Nevertheless, there
remains a dark cloud over the horizon: Britain’s do-
mestic market may be too small to support even the
merged companies.

A far more plausible solution to the plight of Eur-
opean industry would be its cultivation of the inter-
national market. Progressive companies are already
moving in this direction. In the U.K., Plessey has its
eye on the overseas market for IC’s. Derek Roberts,
general manager of Plessey’s IC operations, predicts
that the company will manufacture some of its IC’s
in the U.S., perhaps through an arrangement with a
U.S. company. Roberts says, “We’ve got to attack
the American market or regard ourselves as second
string and shut up shop.” And German engineers are
only half joking when they talk of an electronics
product having a “Volkswagen effect.” Valvo may
have this idea in mind as it pushes ahead with plans
to develop specialized linear IC’s for color tv. The
IC’s, the company believes, will be marketable in
the U.S. either directly or as part of television sets
built by companies like Grundig. French companies
too, are eyeing the world markets, starting off on a
selective basis and eventually hoping to move in on
a grand scale. FNIE (France’s equivalent of the EIA)
is studying the export market for telecommunica-
tions and medical electronics gear. And the same is
being done by CEFAR, which is primarily concerned
with the exports of measurement, control, and instru-
mentation products by its member companies. Tech-
nical managers at West Germany’s AEG-Telefunken
foresee “international interest groups” comprising de-
vice and equipment manufacturers in specific fields
(automotive electronics, for example). In this ap-
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proach, informal alliances, not mergers, would pre-
vail. This would circumvent the legal complications
usually associated with mergers that cross national
boundaries.

Such mergers are fraught with problems. Aside
from the language barriers, laws and tariffs differ
among the nations that make up the European com-
munity. Notwithstanding, some experts believe mer-
gers are a condition of survival.

André Charguéraud, president of Diebold Europe
S.A., insists that mergers should be given priority
since they’ll bring “sound competition within a free-
enterprise world and also pave the way toward a true
European economic community.” Charguéraud notes
that European governments have committed more
than $500 million to the computer industry alone. In
Britain, the government supports cooperation be-
tween ICT and English Electric; in Germany, the
government backs cooperation between Siemens and
AEG-Telefunken; in Holland, the government is as-
sisting Philips’ entry into the computer field; and in
France, the government is helping sponsor the entry
of CSF and CSTH into the field. But, says Chargu-
éraud, really aggressive competition must await
mergers of the successful computer companies on a
Europe-wide basis. Such mergers, he believes, would
benefit even the U.S. computer manufacturers
through open international competition—competition
that would not be unduly biased by artificial protec-
tion of smaller computer companies.

It’s difficult to fault governments for helping busi-
nesses getting started, but these businesses should be
able to sustain themselves without continuing pro-
tection. In their zeal to close the gap, European cen-
tral governments may become overly protective and
erect trade restraints that hurt those very companies
they intend to help. A classic disadvantage of pro-
tective tariffs and embargoes is that they beget
counter-tariffs and embargoes. The Japanese, for ex-
ample, got off to a flying start in electronics under
the umbrella of government protectionism. But they
now find this protectionism backfiring. This policy
has spurred angry resentment in the U.S., probably
Japanese industry’s No. 1 customer. It is likely that
Japan will voluntarily restrict some of its exports to
this country. Far more desirable, however, would be
the liberalization of Japan’s policies concerning im-
ports and capital investments. Restrictions that favor
an industry are usually easier to enact than to res-
cind. Whole economies can rise or fall as a conse-
quence, and the political pressures to continue pro-
tective barriers can be overwhelming.

A free-trade policy for the electronics industry is
imperative; it would speed electronics toward its
destiny as an all-pervasive international business. ®
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New

complementary
NPN/PNP power

transistors
from GE

Color-molded to end
assembly mix-up

Circle 32 on reader service card

Now available in volume from General
Electric . . . two new 1-amp and 3-amp
pairs of low-cost complementary power
transistors. These NPN/PNP pairs feature
low saturation voltage, excellent gain
linearity and fast switching . . . all in a
sensible package, at a sensible price.
GE’s flat silicone-encapsulated power tab
package is rugged enough to withstand
hard use, and with the new narrow leads
(25 mils), can easily be formed to either
TO-66 or TO-5 configurations. To help
eliminate NPN/PNP confusion during your
assembly, each type is molded in
distinctive color. No need for separate
storage and production facilities for

each type.

GE’s new complementary power
transistors are ideal for any class B audio
application—everything from auto radios,
tape players to televisions and stereo
phonographs—from 3 to 20 watts output.
These new NPN/PNP pairs are also well
suited for use as drivers for higher power
transistors, regulators, inverters, motor
controls, lamp controls, solid-state relays,
core drivers and many other applications.
The 2.1W P; free air rating allows simple
printed circuit board assembly with no
additional heat sinking. With added heat
sinking, as much as 12W power

dissipation can be achieved. Performance
at these levels is everything you'd expect
from General Electric, leader in power
semiconductors.

TYPE NUMBER D40D D41D | D42C D43C

new (NPN) (PNP) | (NPN) (PNP)

previous D28D D31B D27C D27D

Ic (continuous) 1A 3A
(peak) 1.5A 5A

Vce (sat.) Max. 0.5V @ 0.5A 0.5V @ 1A

Vceo (sus.) 30V, 45V and 60V |30V, 45V and 60V
Total Power Dis- ;
sipation |

Free air @ 25 C 1.25w | 21w

Tab @ 25 C 6.0W | 12.0W
hee (min.) 50 @ 0.1A/2V | 40 @ 0.2A/1V

10 @ 1A/2V 20 @ 1A/IV*

Fr (typ.) 60MHz ! 45MHz

*Types available with hfe=20 min. @ 2A/1V

For more information on these and other
General Electric semiconductor products,
call or write your GE sales engineer or
distributor, or write General Electric
Company, Section 220-72, 1 River Road,
Schenectady, N.Y. 12305. In Canada:
Canadian General Electric, 189 Dufferin
Street, Toronto, Ont. Export: Electronic
Component Sales, IGE Export Division,
159 Madison Avenue, New York, N.Y.
10016.

GENERAL D ELECTRIC



Radiation Inc. eyes
commercial market

Fairchild to unveil
10 linears in August

SDS minicomputers
are actually built
by second firm...
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Radiation Inc., which specializes in integrated circuits for the military
market, now plans to move into the commercial and industrial IC market.
The Melbourne, Fla., company has broken ground for a plant that will
increase manufacturing space by one and a half times. Radiation will
continue to use its dielectric isolation process to make all its IC’s—the
process separates circuit elements on a chip with a thin insulating layer
of silicon dioxide—rather than the p-n junction isolation usually used.
Dielectric isolation provides resistance to nuclear radiation (in fact, the
firm claims to have 50% of the radiation-hardened IC market), but the
company has long maintained that the process offers advantages in
nonmilitary applications too—higher frequency and lower leakage, for
instance.

Now, with backing from Harris Intertype, the company has the
resources to expand into these other markets. Rather than second source

other IC manufacturers, Radiation will develop a proprietary product
line.

The long-awaited 715 operational amplifier linear integrated circuit from
Fairchild Semiconductor [Electronics, May 12, p. 34] won’t be alone
when it’s introduced at application seminars across the country in August:
nine other linear IC’s will be unveiled at the same time.

Linear IC marketing manager Mike Markkula says no other firm has
ever before introduced as many as 10 linears at once, but he’s touting
technology rather than quantity. There will be at least seven op amps,
some of them duals; one uses dielectric isolation for radiation resistance.
There will also be an a-c power-control system incorporating a complete
zero-crossing system in one package to cope with radio-frequency inter-
ference, a dual sense amplifier, and a color demodulator for television
sets.

One of the devices, the 735 op amp, dissipates less than 100 microwatts
vs. 50 milliwatts for Fairchild’s own 741, which Markkula says is the
industry standard today.

The two small computers introduced by Scientific Data Systems in
March as the company’s first entries in the minicomputer market are
actually being made for SDS by Computer Automation Inc., a 2-year-old
Newport Beach, Calif., outfit formed by two ex-employees of Varian.
While this isn’t the first time such a procedure is being followed—some
of the Westinghouse Electric Co.’s process-control computers used in the
experimental transit expressway several years ago were made by Univac—
it's not an everyday practice.

The new SDS computers, 16-bit parallel-bus machines, were designed
jointly by SDS and CAI engineers, but the bulk of the software was
conceived by CAL SDS calls the machines CE-16 and CF-16 and con-
siders them peripheral equipment. The reason for having them made
elsewhere, says SDS, is based on “optimum allocation of resources”™
including development dollars and available manpower.

CAI, meanwhile, makes and markets its own line of four small com-
puters, two eight-bit and two 16-bit machines.



... which foresees
market sag as buyers
resist unreliability

Pentagon pushing
to break up package

RCA to expand
semiconductor plant

Wadsworth leaving
FCC for Intelsat post

Electronics Newsletter

While the president of Computer Automation Inc. expects the minicom-
puter market to proliferate for a while—both in products and new firms
to make them—he warns that the future could hold a downcurve.

Behind David Methvin’s prediction is the fact that the market now
is “very big, money is available, and the market is very forgiving.”
Methvin says that buyers expect their equipment to be heavily debugged,
but the downcurve will come when they become more sophisticated and
less tolerant of poor reliability. Methvin’s advice to a company poised to
jump into the mushrooming small-computer arena: “Start with a simple
design, don’t push the state of the art anywhere, use less power at less
speed than you may be able to get, and give yourself enough room in
the cabinet to dissipate heat well. And you can’t spend too much money
on quality control, particularly in aging integrated circuits.”

The Defense Department already has leaped on criticism of overruns in
the C-5A program as a reason to scrap the McNamara total-package
procurement concept, first applied in the construction of that giant trans-
port. Now, the Pentagon brass has come up with a second.

Total package estimates include lifetime spare parts and maintenance,
yet Air Force experience with maintenance estimates and actual costs are
proving so far—particularly with electronic systems—that massive over-
runs are inevitable. So the DOD wants to drop maintenance estimates
from system cost projections on the ground that such estimates can’t be
reasonably determined in advance when new hardware is involved.

At the same time, the military, concerned with high electronics failure
rates, is pushing for tougher contract regulations. Of the reliability prob-
lem, Gen. Jack G. Merrill of the Air Force Logistics Command says,
“There has been enough improvement in the state of the art in electronics
in recent years to give us much greater life in electronic systems, radios,
and other gear than we are now getting. We are being plagued with high
failure rates of even 25 hours between failures. We ought to be getting
2,500 hours between failures.”

RCA will spend $17 million within the next year to expand its semicon-
ductor operation at Mountain Top, Pa., in the heart of the Keystone
State’s coal-mining country, to manufacture thick-film integrated circuits.

Among the devices to be built at the plant are the recently introduced
developmental 100-watt hybrid power amplifier now being built in sample
qualities at Somerville, N.J. The amplifiers, slated for high-quality audio
use, are scheduled to cost $80 apiece.

First to step down from the FCC under the new Administration may be
James J. Wadsworth, who will resign as a commissioner to become a
roving ambassador for the U.S. delegation to Intelsat. Wadsworth’s
departure date coincides with the expiration date of Rosel Hyde’s term.
Hyde, FCC chairman is expected to stay on for at least a few months to
give President Nixon more time to select a successor.

Since both Wadsworth and Hyde are Republicans, President Nixon
won’t be able to change the FCC’s political makeup until June 1970,
when Democrat Kenneth Cox’ term expires. It’s most unlikely for the
President to name Democrats to the politically sensitive commission.

Electronics | June 23, 1969
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New video amplifiers pack power into small package.

Versatile amplifier has 700 mW output in a one-inch-square package.

You’'ll find a lot of applications for our versatile new MS-100 and MS-100A
wideband video operational amplifiers. With varying associated circuitry you
can use them as buffer amplifiers, video detectors, phase detectors, line drivers
or as straight general purpose video amplifiers.

The high power capability of 700 mW (DC or squarewave) and small size
(1.0 x 1.0” x 0.2”") offer a unique combination. Designed primarily for video
applications, these plug-in units are capable of driving 10 Volts peak-to-peak
into a 50-ohm transmission line.

Both amplifiers offer a 0 to 20 MHz bandwidth, high impedance differential
inputs and DC coupling with low offset and temperature drift. Both positive and
negative outputs are available. The MS-100A offers a faster slewing rate—180
volts/us as compared to 100 volts/us for the MS-100 model.

Both types offer output short circuit protection and an operating temperature
range of —55°C to +80°C.

These wideband amplifiers are only part of our growing list of off-the-shelf
hybrid microelectronic devices. And we’re able to provide complete support for
design of custom modules as well.

Our long experience in film and packaging technology allows us the flexi-
bility to develop many variations on our basic designs as well as develop com-
pletely new designs to your specifications. Why not discuss your design prob-
lems with our engineers?

Typical wideband amplifier specifications

MsS-100 MS-100A Units
Open loop gain 50 50 dB
Slewing rate 100 180 volts/us
Max. output voltage =12 =12 volts
Power out (max.) 700 700 mwW
Open loop output impedance a3 33 ohms
Input impedance (differential) 9.0 4.0 Kohms

CIRCLE NUMBER 300

This issue in capsule

Integrated Circuits Diodes

MSI simplifies binary-to-decimal con- How planar diode arrays save you
version. time and money.

Television CRT Modules

Square corners are ‘““in’’ for '69 set New 12-inch monitor fits popular
design. niche.

Circuit Modules Manager's Corner

‘Dual in-line pac’ cuts module cost. What it takes to stay ahead.

EL Displays

Two-input power supply drives EL de-

vices.

Wideband amplifier with 700 mW output is housed
in one-inch-square package.




IDEAS

INTEGRATED CIRCUITS

MSI simplifies :
binary-to-decimal conversion.

Use of functional arrays cuts package count
from111/3t041/6.

Here’s a simple way to decode 4-bit binary code into 16-line
hexadecimal. It uses four SM-223 demultiplexer arrays and
1/6th of an SG-383 hex inverter. An SM-163 4-bit binary
counter is used here to illustrate driving of the system. The
circuit arrangement is shown in Fig. 1.

The ouputs of the demultiplexers are the ‘“‘true’’ states of
the decimal number. That is, when a particular number is
decoded, its corresponding output is at logic ““1”’. All other
outputs are at logic “0”.

Propagation delay to any output is about 22 ns. This
speed easily allows decoding at a 20 MHz rate. Thus, the
system is compatible with the high-speed SM-163 4-bit
binary counter or with diserete flip-flop counters.

An inverter is included between the 23 output of the SM-
163 and F, of the first SM-223 demultiplexer to generate
the 23.

If a hex inverter such as the SG-383 is used, maximum
package count will be 4-1/6. Using conventional gates, the

Fig. 1. Circuit arrangement of binary-to-decimal (4 to 16) decoder.
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most efficient design requires 1114 packages when the false
states of the four input bits are not available. In the con-
ventional design, 8 dual 4-input gates and 314 hex inverters
would be required.

It’s our SM-223 demultiplexer array that makes the
package savings possible. Using internal gates which are de-
signed for high speed rather than drive capability, the SM-
223 can produce outputs in less than 12 ns.

The logic arrangement of the SM-223 is shown in Fig. 2.
The demultiplexer array consists of two decoding sections.
In one section, the data input may be steered to any one of
four identical outputs under control of two selection vari-
ables. In the other section, another data input may be
routed to either of two identical outputs depending on the
state of one selection line. The output inverter/drivers pro-
vide the “true’ state of the input data allowing direct entry
into subsequent stages without extra gate inversion.

The logic diagram of the SM-163 4-bit binary counter is
shown in Fig. 3. The circuit consists of four J-K flip-flops
interconnected as a binary (1248 code) up counter. The
flip-flops are synchronously clocked through two input
AND gates. These eliminate the need for restrictive clock
waveshape requirements.

A logic “0” on the RESET input causes all four outputs
to go to logic “0”. A logic “0” on any SET line causes the
corresponding output to go to a logic “1”.

Both the SM-163 and SM-223 are available in 14-lead
flat packs or in Sylvania’s ceramic 14-lead dual in-line
plug-in package. CIRCLE NUMBER 301

Fig. 2. Logic diagram
of SM-223 demultiplexer.
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square corners

are ‘i’
for’69 B&W
set designs.

Ever see a
15-inch B&W
tube with
100-square-inch
viewing area’
You can see it

now in our modern

bold-look tube.

USEFUL SCREEN
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You can get that new look in your
new TV set designs and you can get
more usable viewing area by design-
ing around Sylvania’s new 15ADP4.
Both the bold look of this tube and
its larger viewing area come from
the squared-off-corner construction
that says ‘“modern design.”

And these are not the only fea-
tures of our new 110° 15-inch tube.
Its compact design and short overall
length shrink cabinet size. The
15ADP4 also incorporates the 114"
diameter neck that reduces your
drive circuit requirements. T-band
implosion protection comes as a
standard feature.

Of course, our new tube incorpo-
rates all the same advances in tube
design, materials and production
techniques that have made Sylvania
monochrome tubes the standard of
the industry.

The Sylvania tube line, in fact, is
one of the broadest in the industry.
And our production flexibility al-
lows custom design modifications to
be made at minimum cost. Whether
your need is off-the-shelf or custom
design, Sylvania has the people who
know how to handle the job.

CIRCLE NUMBER 302
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CIRCUIT MODULES

‘Dual In-Line Pac’ cuts moduie cost.

New line of multilayer modules achieves high speed

and low noise using dual in-line ICs.

We've got a whole new series of digital
logic modules that combine low cost
with the dual in-line integrated circuit
package which has speed and noise prop-
erties similar to modules using flat packs.

The‘‘Dual In-Line Pac” family isavail-
able in a wide variety of universally ar-
ranged gates and flip-flops. Included in
the line of 48 modules are general gates,
select gates, memories, registers, clocks,
counters, decoders, drivers, and other
functional types. All are capable of
utilizing the 33 M Hz speed of the ICs.

The circuit boards, each with posi-
tions for up to 12 IC packages, are of
four-layer laminated construction. The
boardsutilize ‘“‘buried”” powerand ground
planes and two signal boards for lowest
possible noise. Noise level is minimized
by a module inductance of less than 1
nanohenry. The power/ground plane
provides a built-in decoupling capaci-
tance of 1000 pF.

Electrical interconnection from
ground and power planes to the IC pins
is made directly via plated-through
holes. All circuit connections are termi-
nated in a single 40-pin NAF'I connector.
The modules can be nested on 0.350"
centers.

All modules undergo a 1009, final
electrical performance test to a specified
test procedure. In addition, the circuit
boards receive a 1009, continuity test at
28 Volts and a 1009, high pot test at
500 Volts before assembly.

A typical member of the “Dual In-Line
Pac” family is the module type G20
shown in the photograph and logic dia-
gram. The G20 module is a 12, 2-input
gate inverting standard drive module.
It is provided in eight different electrical
configurations to give a variety of tem-
perature and drive characteristics.

As with all the modules in the line,
the G20 uses Sylvania’s tried and proven
SUHL logic circuits. The large number
of device types available in this line
gives us a wide flexibility in module
design and permits many variations.

QOur circuit board design is also com-
patible with other types of ICs and
discrete components as well. We’ll be
glad to design custom modules to your
exact specifications. Let us look at your
designs. We’ll show you how it can be
realized in module form at lowest cost.

CIRCLE NUMBER 303

32-546532 G20=12

)

Dualin-line modules provide a fast logic at lowest cost.

Logic diagram of G20 inverting standard drive module with twelve 2-input gates.
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EL DISPLAYS

Two-input power supply drives EL devices.
Compact solid-state package provides 250 V, 400 Hz power from AC line or battery.

SYINVAN

moDEL PS10

ouTPUT =
pESIGNED FOR FLECTROL

Although power requirements for electroluminescent de-
vices are extremely low, the power supply should be designed
specifically for the purpose. EL devices exhibit a capacitive
loading characteristic, and care must be taken in the design
of the power supply to provide protection against excessive
current transients.

A special transformer design in our new PS-10 EL power
supply provides this needed protection. The PS-10 is the
first of a series of special power supplies designed specifically
to handle electroluminescent loads. It can operate from
either a 117 V AC, 60 Hz, line or from a 12 V battery.
Nominal output voltage is 250 V AC at a frequency of 400
Hz. Maximum EL load current is 25 mA peak-to-peak.

Circuit of EL power supply.

250V, 400Hz
0033 T
DC INPUT
12V, 750 mA ﬁ
ON- OFF IN20T1 2
2
17 VAC
I 1000
2N176
IN20T1
5.6k 330
i AANN—ANN-

L A

POWER SU

v, ac. BOHZ
ipuT = LY ac 400HE

IMINESCENT 10ADS

pPLY

Nominal

Compact EL power supply
operates from line or battery.

The PS-10 can drive up to 10 square inches of electro-
luminescent panel at a 209, power factor with less than
109, decrease in output voltage or frequency. This is equiva-
lent to driving 29 one-inch numeric characters fully illu-
minated or 8 two-inch characters fully illuminated.

The compact solid-state power supply is mounted in a
214" x 3" x 514" metal cabinet. The AC input is supplied
by an integral line cord. For battery operation, a phone-jack
type connector is used. When the battery jack is plugged in,
the AC rectification circuit is disconnected. This arrange-
ment provides a fast and flexible means of changing power

sources as needed. CIRCLE NUMBER 304

Specifications of EL power supply

AC input voltage 117V AC 60 Hz.

AC output voltage (nominal) 700V P/P
AC output frequency (nominal) 400 Hz.
Maximum EL load current 25 mA P/P

Dimensions 2%" x 3" x 5%"

Mounting position Any
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DIODES

How planar diode arrays
save you time and money.
Arrays of 2 to 16 diodes can cut core-driver

assembly time, give ultrafast switching
capability.

TYPICAL CHARACTERISTICS
FORWARD CURRENT vs. FORWARD VOLTAGE

TYPICAL CHARACTERISTICS
CAPACITANCE vs. REVERSE VOLTAGE

CONNECTED

05883

NOT
CONNECTED

Configuration of 8- and 16-diode arrays.

TYPICAL CHARACTERISTICS
REVERSE CURRENT vs. TEMPERATURE
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FORWARD VOLTAGE , Vg, VOLTS

You’ll find outstanding benefits in both performance and
production by using our core-driver diode arrays.

In performance, you get high forward conductance, fast
recovery, low capacitance, and tight tolerances. In produc-
tion, you reduce your labor costs, shorten assembly time
and cut external wiring in the manufacture of computer
memory-core driver systems.

Take, for example, our popular 8- and 16-diode arrays.
Both types of array are available in common cathode and
common anode configurations. These units have a forward
current rating of 300 mA and a power rating of 300 mW
per diode.

As for speed, reverse recovery time is a maximum of 60
ns, even under extreme switching conditions of a forward

Maximum ratings at 25°C (each junction):

REVERSE VOLTAGE , Vg ,VOLTS

TEMPERATURE, °C

current of 300 mA and an I, of 30 mA. Typical values for
recovery time of I; and I, switching from 300 mA to 30
mA is 35 ns.

The manufacturing process used to produce these arrays
results in diodes which have closely matched electrical
characteristics over a wide temperature range.

The 8-diode arrays are available in 10-lead flat packs or
dual in-line plug-in packages. The 16-diode array is also
available in a flat pack configuration or in a 14-lead plug-in
package. All of these arrays are designed to meet MIL-S-
19500 standards.

Other core-driver diode arrays are available from Sylvania
in units from 2 to 16 diodes connected as common cathode
or common anode. CIRCLE NUMBER 305

Electrical characteristics at 25°C (each junction):

Conditions Min Max Unit
Reverse voltage, Vr 40 volts Forward voltage drop, VF (Note 1) Ir = 300 mA — 1.25 v
Forward current, If 300 mA Forward voltage drop, Vr (Note 1) Ir = 500 mA —_ 1.40 A
Peak forward current, Irp 1.0 amp (0.0 Forward voltage drop, Vr (Note 1) Ir = 800 mA - 2.00 Vv
nsec, 25% D.C.) Reverse current, Ir Vg =30V - 0.1 wA
Average power dissipation, Pp 300 mW (500 mW Peak inverse voltage, PIV Ir = 10xA 40 — Vv
total package) Capacitance, C Oy = 1 MHz 6.0 pF
Junction temperature, T —65°C to +150°C Reverse recovery, tir Ir = 300 mA - 50 nsec
Storage temperature, Tstg -65°C to 4+300°C Ir =30 mA
ir =3 mA

Note 1. Pulse test < 300 usec, < 2% duty cycle.

RL = 100 ohms
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CRT MODULES

New 12-inch
monitor

fills popular
niche.

Universal display
package meets a wide
variety of needs from

closed circuit TV to
computer readouts.

The 12-inch television monitor
is available with or without cabinet.

Here’s a 12-inch (diagonal) television monitor that gives you
the most popular size display in a compact solid-state
package. It can be used for computer terminals, airline
status boards, stock-quotation displays, closed circuit TV,
desk-type computers or anywhere else that a reliable high-
quality display is required. And because we make it as a
standard module, it means you get more performance for
your money.

The module consists of circuit board, power supplies, and
cathode-ray tube all packaged as a compact unit suitable
for rack, console or cabinet mounting. Power supply for the
module can be specified as either 117 V AC, or 22 V DC.

The display provides a standard 525 line raster and has
bandwidth that is = 1 dB from 15 kHz to 8 MHz. The com-
posite video input signal can be from 0.5 to 1.5 Volts,

SEE OUR
SPECIFICATIONS IN

MICROFILM CATALOG

FILE BUSINESS REPLY MAIL
No Postage Stamp Necessary if Mailed in the United States

peak-to-peak.

The standard module comes with a 12CSP4 cathode-ray
tube with a gray filter faceplate and bonded-frame implosion
protection. If that tube doesn’t meet your requirements we
can easily substitute one that will.

Because we make a wide variety of cathode-ray tubes and
have first-hand knowledge of drive circuit requirements,
you’ll find it relatively easy to get a display module that
fits your needs to a tee. We can also provide custom module
designs for any size CRT and to meet a wide range of circuit
requirements.

The 12-inch monitor is available with or without cabinet.
With cabinet, it takes up a small amount of desk space.
Dimensions are 1314" wide x 1114’ deep x 12’ high.

CIRCLE NUMBER 306

FIRST CLASS
Permit No. 2833
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Use Sylvania’s ‘“Hot Line” in-
quiry service, especially if you

require full particulars on any
item in a hurry. It's easy and
it's free. Circle the reader ser-
vice number(s) you're most
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MANAGER’S CORNER
What it takes to stay ahead.

To remain a leader in a fast-moving field like electronics, a
company must continually develop new products. To be a
real innovator, such a company must develop new products
even before the customer realizes that the need for the
products exists.

We like to think of Sylvania as being the innovator in the
industrial and military cathode-ray tube field. First of all,
we have the organizational depth that makes such inno-
vation possible. Our engineering staff has been closely
associated with the development of CRTs for the home en-
tertainment market. Here is where most of the innovations
in CRTs have been made. New phosphor developments as
well as improved processing techniques and materials are
among our many developments in this field.

Our Industrial and Military Cathode-Ray Tube facility
in Seneca Falls, N.Y. is able to translate these develop-
ments for use by our customers.

Secondly, we can draw upon the talents of the Sylvania
manufacturing and marketing facilities to produce the spe-
cial tubes we design and to tell us what the customer’s
needs are going to be.

As a result of these advantages the Sylvania I & M CRT
Department has been able to lead the field in developing
new products for the industrial and military user.

What are some of the new products which Sylvania has
offered to the Industrial and Military marketplace ?

Several years ago, as more and more display systems—
such as ultrasonic testers—became portable, the need for a
cathode-ray tube with a much reduced heater-cathode power
was required. To fill that need, Sylvania designed the 1.5

Volt 140 mA heater. Today, it is the basis for many port-
able oscilloscopes.

In the display field, there has been a need for color with-
out the problems and disadvantages of a shadow mask tube.
Today, Sylvania can offer a multi-color display in almost
any tube size with a resolution far superior to the standard
TV type with a shadow mask.

There have been indications that the next generation of
high density display tubes will require a new type of tube
capable of higher brightness and higher resolution. Syl-
vania has just recently announced such a tube. It has seven
beams with a common focus system and deflection yoke. In
one horizontal sweep, it will generate one row of charac-
ters. The conventional tube requires seven horizontal
sweeps to do the same job.

We have recognized in our display customers, a need to
supply the tube and its immediate circuitry. To fill that
need, a department has been formed which can supply, on
custom specifications, an integrated display module which
will include the tube, its mechanical mounting, its imme-
diate power supply and deflection circuitry.

These are but a few of the new product needs which
Sylvania has undertaken to fill in the marketplace.

The Industrial and Military Tube Department main-
tains its own development and production facilities, and
we work closely with the Division’s New Products Group
to formulate new solutions. In addition, we can call upon
the television-tube production facilities for large-volume
production. With a total package capability like this, the
I & M CRT Department is in an excellent environment to
maintain its position as an innovator in CRT developments.

Alfred D. Johnson, Manager
Industrial & Military Cathode-Ray Tubes

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

SYLVANIA
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ORIGINAL PAINTINGS

.time after time,
after time,
after...

with Fansteel’s SIL-PAINT™ and other con-
ductive coatings. Custom formulations give
you assurance of batch-to-batch repeatability
...maximum conductivity...optimum solder-

ability...superior adhesion...more parts
coverage.

Choose either fire-on, air-dry or bake-on
conductive coatings...gold, palladium,
platinum or silver...for monolithic
capacitors, hybrid circuits, end coat-
ings and lead attachments, r.f. shielding,
decorative or any application requiring
conductivity. Easy to use...screen, dip,
spray or brush.

Test our quick response. Specify
Fansteel Sil-Paint and other conduc-
tive coatings. Be assured that you get
only your formula...time, after time, after
time. Electronic Materials Laboratory,
18201 South Santa Fe Ave., Compton,
Calif. 90221. Phone (213) 638-7771.

ANSTEE e

Electronic Products
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MEASURE AMPLIFIER CROSSTALK
TO ONE NANOVOLT

Where amplifiers are in close proximity
in low level data processing systems,
the minimum detectable signal is fre-
quently limited by the crosstalk or mutual
interference generated. By using a Lock-
In Amplifier to measure crosstalk: (1) The
source of feed-through can often be iden-
tified since very low-level crosstalk can
be measured over a wide frequency range.
(2) Further extraneous signal coupling
errors are eliminated because no instru-
mentation other than the Lock-In Ampli-
fier is necessary. (3) Crosstalk levels as
small as one nanovolt can be detected.
(4) The phase of the crosstalk can be
identified.

Input

Terminal Output

Input

Terminal Output

Rsource

>
<
- iRLud
= L

DC output proportional to
interference level.

_1_—"0 o) o+

LOCK—IN AMPLIFIER
USED FOR AMPLIFIER CROSSTALK MEASUREMENT

IMPROVE BRIDGE SENSITIVITY
TO ONE NANOVOLT (FS)

A Lock-In Amplifier improves bridge sen-
sitivity without over-driving the bridge
circuit. Excite the bridge with the Lock-
In Amplifier's internal oscillator and con-
nect the external null detector termina-
tion to the signal input to get: (1) Meas-
urements over frequencies of 1.5 Hz to
150 kHz. (2) Optimum noise figures using
available preamplifiers with input im-
pedances of several ohms to 100 meg-
ohms. (3) One nanovolt full-scale sensi-
tivity for improved null accuracy and
extremely low power dissipation in
critical circuits. (4) A dc signal propor-
tional to the off-null condition for use
in modifying bridge parameters or as
a recorder input. (5) Detection of in-
phase (resistive) and quadrature (reac-
tive) bridge components which can be
nulled independently (and simultaneous-
ly, if desired).

MONITOR OP AMP
SUMMING JUNCTION VOLTAGES
TO 10 NANOVOLTS

The open-loop gain of op amps can be
measured by monitoring the summing
point voltage while operating the am-
plifier in its normal closed-loop con-
figuration. The advantages of using a
Lock-in Amplifier to make these meas-
urements are: (1) Its self-contained os-
cillator serves as a signal source for the
op amp over a wide frequency range.
(2) Distortion and offset at the summing
junction are minimized by the Lock-In
Amplifier's high input impedance and
low noise. (3) Summing junction voltages
as low as 10 nanovolts can be meas-
ured and recorded to permit measure-
ment of extremely high open-loop gains.
(4) Phase shift can be measured.

4y

Eqer 2N

Control function shown
in shaded area .
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LOCK- IN AMPLIFIER
USED AS BRIDGE OSCILLATOR/NULL DETECTOR

OP AMP OPEN-LOOP GAIN MEASUREMENTS
WITH LOCK ~IN AMPLIFIER.
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Pinholes: Finding pesky flaws in oxide

Dielectric-layer defect detector made by Autonetics researchers

shows promise as sampling tool for quality control in wafer production

For years, Philip Eisenberg has
been talking about failure mech-
anisms in integrated circuits at
various reliability symposiums. He
maintains that defects in the di-
electric—usually pinholes in silicon
dioxide—are the major cause of re-
jections in both bipolar and metal
oxide semiconductor IC’s. A group
scientist for special projects in the
Research and Engineering division
at the Autonetics division of North
American Rockwell, Eisenberg re-
cently did more than talk about
oxide pinholes. He, along with
Kenneth Brion, a member of the
technical staff in the R&E division,
put together a dielectric-layer de-
fect detector that uses established
principles to locate and mark pin-
holes.

Eisenberg has mountains of data
on the reasons for IC failures as
a result of his work on spotting
and analyzing flaws in devices pur-
chased for the Minuteman pro-
gram. The work showed Eisenberg
that the chief cause of pinholes is
the differing thermal coefficients of
expansion of the bulk silicon and
the silicon dioxide. The oxide is
usually grown at about 1,200°C,
and silicon ccatracts more quickly
than the oxide when the wafer
cools. Resulting stresses cause
cracks—which appear as pinholes
—in the oxide, degrading it as a
dielectric because metallization
put down on top of a pinhole
causes shorting through to active
areas.

Gas test. One method to detect
pinholes used sporadically by some
IC manufacturers, according to
Eisenberg, exposes the oxidized
wafer to gaseous hydrogen chlor-
ide at about 1,200°C. If pinholes
exist, the HCI will etch through
them to the silicon. But Eisenberg

~—Circle 44 on reader service card
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Leaky. The Autonetics detector spots
pinholes in wafer’s oxide layer by
using electrophoretic test cell.

cites two flaws in the method: be-
cause it’s used at elevated tem-
peratures, many pinholes that oc-
cur during cooling are not de-
tected; and the dielectric layer
must be removed to find out where
the HCI has attacked the silicon.

The Eisenberg-Brion detector
accepts wafers up to three inches
in diameter after they’ve cooled.
After a portion of the oxide is re-
moved from one side, the wafer is
placed with the intact oxide side
up in a proprietary organic solu-
tion in an electrophoretic test cell.
Electrical contact is provided be-
tween the bottom of the wafer and
the cup-like cell. The operator trig-
gers a switch that positions the
wafer under a binocular micro-
scope. Then a copper anode is
lowered into the solution above the
wafer. Current is applied to the
circuit including the anode and
the silicon as cathode.

If current flows from the anode
through the solution, through the
oxide pinhole, and finally through
the silicon, a stream of hydrogen
bubbles appears at the pinhole.

The operator scans the wafer
through the microscope, looking
for bubble sites, after triggering a
three-way switch (inspect mode,
decorate mode, off) to the inspect
mode. He may use a mechanical
counter to determine if the pinhole
incidence per square centimeter is
acceptable. The test cell is
mounted on an x-y stage, which
the operator moves manually.

If a permanent record is desired
for later failure analysis through
photography or other means, the
operator switches to “decorate.”
This increases the electrical poten-
tial, accelerating the electrolytic
action, causing the anode to be at-
tacked, and forming charged par-
ticles that are transported through
the solution. This is electrophore-
sis. The particles deposit around
the defect as they follow the cur-
rent path, distinctively marking the
pinhole.

Spot check. Eisenberg recom-
mends that the pinhole detector be
used as a sampling tool is quality
control, not for 100% wafer in-
spection. He says: “If you run 50
wafers through the furnace in the
first oxidation, and the sampling
shows the defect density to be way
off, you can strip the oxide and
save the wafers.” Not only can the
detector be a valuable research
tool to help the user better under-
stand why oxide pinholes occur,
Eisenberg believes, but it will help
the user refine the oxide-growing
technique most suited to his proc-
ess.

The detector, which can also
pinpoint flaws in such dielectrics
as silicon nitride, was first shown
by Navan Inc., North American
Rockwell’s sales subsidiary, at the
IEEE show last March; intent-to-
buy forms were signed by 24 firms.
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They were quoted an estimated
price of $2,000 and received the
option of buying 20 additional ma-
chines at Navan’s eventual pub-
lished price, less 15%.

Advanced technology

Smile—you're digitized

When the Air Force permitted
CBS Labs to talk about its high-
resolution laser-scanning system
(part of Compass Link) used to
transmit reconnaissance photos
from Vietnam to the Pentagon in
minutes [Electronics, April 14, p.
56], CBS officials were optimistic
about the possibility of broader
applications. A step in that direc-
tion has been taken with the modi-
fication of the laser scanner so that
it can convert high-resolution pho-
tos for handling by a computer.

Called LIPS—laser image proc-
essing scanner—the system digit-
izes the image, then feeds the sig-
nal through a buffer to an IBM
360/40 computer. The computer
processes the picture to emphasize
fine details or improve the con-
trast. The reconstructed image is
then read out of the computer onto
photographic film. Thus, LIPS en-
ables the photo interpreter to
manipulate his picture to bring out
any desired detail with a high de-
gree of resolution.

Routine work. In operation, the
interpreter tells the computer what
areas he wants emphasized. For
example, he could call for a rou-
tine that would bring out high-fre-
quency detail. If the finished pic-
ture were unsatisfactory he could
go to a routine that not only would
emphasize high-frequency detail,
but also would suppress or clean
up large areas of black.

LIPS uses a sequential scan to
attain a resolution of 100 lines per
millimeter. It can digitize, or re-
cord from digital data, a 1.8-centi-
meter-square area in 15 minutes;
that’s at least twice as fast as con-
ventional scanners such as those
used on the Ranger moon probes.

CBS says the advantages of LIPS
—high resolution and geometric
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Overview. The top photo, actually a
negative, shows Haiphong harbor in
North Vietnam; Russian ships are
clearly visible. Principle used to
send picture to Pentagon in minutes
is being adapted to civil use, below.

-

fidelity, high-speed read-write
rates, and operation in standard
room lighting—can be used by map
makers, meteorologists, or news
organizations.

Avionics

Head-up hologram

With practical applications for hol-
ograms still in the few-and-far-be-
tween stage, the Office of Naval
Research and IBM believe they
have a holographic application that
is both practical and unique: in a
head-up, all-weather landing sys-
tem.

The system—now at the labora-
tory model stage—employs a holo-
gram of an aircraft carrier. The
hologram is picked up by an infra-
red vidicon and projected on a crt
cockpit display.

Feel free. The achievement is
one of application in which a two-
dimensional representation with
the so-called six degrees of free-
dom encountered in a carrier land-
ing, and full ranging capability, is
produced without employing a
computer. The demonstration
model simulates an approach win-
dow two miles wide and a half-
mile high and offers a 3.5-degree
glide slope. The six degrees (glide-
slope deviation, localized devia-
tion, depression angle, bearing an-
gle, roll, and slant angle) are
achieved mechanically, electroni-
cally, and optically. For example,
roll is achieved as the vidicon itself
is rolled; glide-slope deviation is
simulated by manipulating the hol-
ogram. In the model, the generated
image allows a view which includes
magnification of the holographic
image of the carrier up to 16-to-1
and permits views including one
below the deck of the carrier.

Currently, the project is in evalu-
ation, but IBM has submitted a new
proposal to continue the work. Ac-
cording to Lt. Comdr. Francis L.
Cundari at the ONR: “The proba-
bility of continuing the program
into the next phase is high.”

The electronic systems center of
1BM’s Federal Systems division has
proposed building an advanced

Electronics | June 23, 1969
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Shape up. Head-up holographic display, developed by IBM and the
Office of Naval Research, would enable pilot to ““see’ carrier's
deck despite zero visibility. System is in laboratory model stage.

system in which simulated ap-
proaches would be flown and a
computer would analyze perform-
ance characteristics. Proposed
technical refinements include bet-
ter holographic resolution; reduc-
tion of the package size by sub-
stituting a solid state, gallium
arsenide laser for the bulky helium-
neon continuous-wave laser in the
original. Dave Hanna of the IBM
team says, “By reducing the pack-
age size we would be ready for
actual flight testing in the next
stage.”

In case. Pilot acceptance could
be a problem, however, just as it is
with any significant technological
change. But, Cundari says, “Even
if it never gets into the cockpit, we
have a very valuable tool for simu-
lation training.”

Developing a simulator before
proceeding with system develop-
ment helps overcome user objec-
tions and would, of course, require
less funding—a significant consid-
eration in the present time of tight
money.

Whichever direction the program
takes, ONR proponents are con-
vinced they have a winner. “Re-
sults so far have exceeded our ex-
pectations,” says Cundari, “and we
have proven such a system is feasi-
ble. The next thing we've got to do
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is prove applicability.”

Package size of an operational
system could be cut to one cubic
foot, according to the Navy, short-
circuiting the argument that it
would become a problem in air-
craft already loaded with avionics.
Alternatively, the system could be
placed in the carrier and the image
would then be transmitted to the
aircraft.

“Ideally, this system would be
linked in a one-to-one relationship
with the real world and be perfect
for bad weather operations,” says
Cundari.

Beyond Cains

The $3 million Navy contract to
develop the first six Cains (carrier
inertial navigation system) has of-
ficials at Litton’s Guidance and
Control Systems division optimis-
tically eying $200 million in fol-
low-on business.

Cains, designated AN/ASN-92,
will be installed in the Navy’s E-2C,
F-14, S-3A, and A-6E aircraft. The
first six systems will be delivered
in 1970 for the E-2C and F-14. The
system aligns an aircraft’s inertial
navigator with the carrier’s inertial
system, using a radio link, elimin-
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ating flight deck clutter: bulky
umbilicals carrying information to
aircraft inertial navigators from the
carrier’s [Electronics, Oct. 30, 1967,
p. 44].

Roland O. Peterson, Cains pro-
gram manager for Litton, says that
the system will be Government-
furnished equipment in future
Navy aircraft, and that there is no
indication the Navy will seek a
second source. Litton will reap the
reward for the two years of com-
pany-sponsored research and de-
velopment by producing all five
basic Cains elements, including the
inertial platform and mount, com-
puter, control and display unit,
power supply, and converter-amp-
lifier unit for adapting the system
to specific aircraft.

Litton’s LN-15 inertial naviga-
tion system will be used. Minor
modifications will speed reaction
time of the platform to meet re-
quirements for quick alignment of
the system.

Already at work. The LN-15 is
installed in the OV-10 Mohawk and
other Army aircraft, and is being
used as a reference source aboard
B-52’s for the Air Force’s short
range attack missile (SRAM). Exist-
ing data links, including the ASW-
25B and ASW-27A already aboard
some Navy aircraft, will be utilized.
The complete system, weighing
less than 100 pounds, is fully com-
patible with the Navy’s versatile
avionics stop test (VAST) for cen-
tralized shipboard checkout of
avionics.

The digital interface for the ra-
dio link between the ship’s com-
puter and the aircraft is described
by Peterson as “straightforward
digital logic, with nothing glam-
orous about it.”

Litton' claims alignment requires
less than one-third the time con-
sumed by earlier systems, with
improved accuracy. In the past,
warmup and alignment times of
from 20 to 75 minutes were re-
quired; the Navy has sought a five-
minute alignment. Litton will say
only that it has cut the time re-
quired “through thermal manage-
ment of the inertial platform and a
sophisticated statistical filter in
the computer.”

The Navy is expected to award
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a separate contract next month for
a calibration and maintenance con-
sole with computer capability and
interface hardware to be used with
both Cains and AN/ASN-90, and
inertial system made by General
Precision’s Kearfott Group for the
Navy’s A-TE.

Manufacturing

Smog gets in your IC’s

Like other Californians, engineers
at Fairchild Semiconductor in the
Bay Area have learned to live with
smog; they’ve come to regard it
simply as an eye irritant. Its
nuisance value, so they thought, is
that it obscures scenery. There-
fore it was with some surprise that
the engineers learned smog can
also ruin the transistors and inte-
grated circuits they make.

They found that photochemical
smog, the effect of sunlight on
hydrocarbon combustion products,
can cause “resist scum,” a poly-
merized-photoresist residue on sil-
icon wafers that interferes with
processing. The scum is formed
when the photoresist on a silicon
wafer is dried. When the wafer is
put through the sequence of ex-
posure, development, and etching
to delineate the pattern for dif-
fusion of dopants into the wafer,
the scum remains in areas that
should be completely clear.

Dopants can’t diffuse through
the scum. And equally important,
deposited metal interconnections

.

@ ol

won’t adhere to it. This results in
devices that fall short in both
geometry and performance.

The scum takes several forms. It
can be a light to heavy webbing;
a uniform or wrinkled film; or
specks, swirls, or clumps scattered
at random.

Detective work. Scum formation,
of course, is a problem that has a
variety of causes—too much heat
during drying of the photoresist or
stray light, for instance. But A.E.
Engvall, a senior engineer at Fair-
child R&D, noticed that even when
the causes had been eliminated,
the scum remained. “It would come
and go,” Engvall says. “And it was
more common in the summer and
fall months. It would appear some-
time in the afternoon, then disap-
pear late in the evening.” the mid-
afternoon hours in the summer and
fall months, he discovered, were
the periods when the ozone content
of smog is at its peak.

Engvall then ran tests with con-
trolled amounts of ozone, and
found that an identical scum was
formed when his concentration of
ozone equalled that of smog. Nitro-
gen dioxide, the other major con-
stituent of smog, didn’t form scum.

Once the culprit had been iso-
lated, the cure was simple: at the
peak smog periods, perform photo-
resist application and drying in a
smog-free ambience. “The best
ways are with a nitrogen-ventilated
hood or with a hood fitted with an
activated charcoal filter,” Engvall
says.

Selective. Smog doesn’t affect
all photoresists. KPR and, to a lesser

Closeup. Smog scum
has almost closed
two small cutouts

and partly filled two

larger ones. KPR
photoresist was used.

extent KPR-2, are sensitive. Others,
such as KMER and KTFR, appear to
be immune; they’re attacked by
ozone but at much higher con-
centrations than occur in smog.

Engvall can’t pinpoint the chem-
ical mechanisms that produce smog
scum, but he believes the sensitizer
plays a key role. (The chemicals
used in photoresist technology in-
clude the photoresist itself, a sen-
sitizer that’s premixed with the
photoresist, and a solvent.) The
ozone doesn’t act directly on the
photoresist. Rather, the sensitizer
induces a small amount of cross-
linking of the photoresist mole-
cules, and the ozone reacts with
these to produce extensive poly-
merization,

Government

The colossus shifts

A communicator’s saw has it that
it doesn’t make any difference how
good your communication system
is if you don’t have anyone to talk
to. That recitation of the obvious
is why U.S. diplomats trying to
iron out an agreement for the Inter-
national Telecommunications Sat-
ellite Consortium are backing off
from some long-held positions. And
a weakening of the U.S. position
makes Intelsat more attractive to
other countries and hence more
successful.

While easing the U.S. stand,
however, the negotiators are bar-
gaining away some of the powers
of the Communications Satellite
Corp. (Comsat).

Under a five-year-old interim
agreement, Comsat has been the
system’s sole manager; now, the
diplomats are saying they can live
with an international secretariat to
handle Intelsat’s administrative du-
ties. According to the new U.S.
approach, Comsat would be hired
as technical manager of the system
—a far cry from the total responsi-
bility the company has enjoyed. A
contract would be awarded to
Comsat—probably for seven years
—and would be renewable at the
option of Intelsat’s governing
board. The seven-year contract life
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~ General Electric’s
programmable UJT
lets you control
the key parameters

[ GE's DI3T is a pro-
| grammable unijunction

transistor (PUT) with
| characteristics (5, Rss,
1) that can be

IPI

selected to fit your cir- |

| cuit. Just two circuit
resistors give the D13T1
and T2 programmability
which permits the de-
signer to:
e reduce a risk of ther-
| mal runaway
| e use PUT in battery
| and other low-voltage
| circuits
e use base 2 as low
impedance pulse out-
| put terminal
| euse PUT in high
volume applications.
Especially suited for
long-interval timers,
D13T2 features very low
leakage and peak point
| currents. D13T1 is for
more general use in
high gain phase con-
trols and relaxation os-
cillators.
| Both are 3-terminal
planar passivated
PNPN devices in the
low-cost plastic TO-98
case. Circle number

503.

- New—Lodex®
permanent magnets

" in microminiature

- sizes

| When designs call for
tiny (even less than 1

millimeter) permanent |

magnets, GE has the
answer. GE can produce
powerful
ture magnets at low
cost—and in complex
configurations, too.

The magnets are |

made of proved Lodex
material that consists
of elongated single do-
main iron cobalt par-
ticles bonded in a lead
matrix and pressed to
final dimensions at
room temperature with-
out the use of high
temperature fabrication

or heat treatment. This |
process |

exclusive pr
makes it possible to
produce Lodex magnets

in very small or intri- |

cate shapes meeting
extremely tight physi-
cal and magnetic toler-
ances.

Close piece-to-piece
physical and magnetic
uniformity often elimi-
nates the need for final
testing of the end prod-
uct. These GE magnets
are often the perfect
answer for such precise |
applications as reed
switches or magnetic
pick-ups.

For more information,

| circle number 504.
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microminia- |

New transmitter
design gives high

w performance to IFF

'~ and ATC transponders

GE's
transmitter is a Micro-
wave Circuit Module
(MCM) containing a
master oscillator and
power amplifier using
planar ceramic triodes.

It is just one of many |

| MCM's now available
from GE to help reduce
design cycles, provide
retrofit and lead to im-
proved system perform-
ance.
Other

benefits in-

clude: [] meets per- |

formance and military
‘ requ1rements of the
transmitter portion of
IFF transponder [] sig-
nificantly smaller than
earlier designs [] per-
| mits two transmitters
| to function in space
formerly used by one
[] light-weight [] sim-
plified heat sinking
[[] excellent frequency
stability with wide vari-
ations in  antenna
VSWR.

For more technical
| lnfprmatlon on this and
| other MCM'’s from Gen-

eral Electric,

magazine inquiry num-

ber 505.

new C2003C |

' GE makes the only
150-grid relay
that performs the
AND-logic function

GE’s 3SBR 4-pole re-
lay is the only one
available that performs
the AND-logic func-
tion without any addi-

ponents. Nine different
input conditions con-
trol the relay’s opera-
tion.

The 3SBR is another
addition to GE's proved
family of 150-grid relays
for mil spec applica-
tions. It features all-
welded construction,
small size and a low
profile—only 0.32” high.
The 3SBR is available
with a choice of coil
ratings, mounting forms
and headers.

For more technical
data, circle number
506.

circle |

tional circuitry or com- |

5 INOre

elc_actronic components
tailored for designers

General Electric components are engineered for reliability
and cost effectiveness. No other manufacturer offers such
a wide selection of quality electronic components as
General Electric. Specify GE in your designs.

* Rechargeable nickel-

- cadmium batteries

 give design
flexibility—long life

Get lasting battery
power and versatility
suitable for many in-
dustrial and consumer
applications. Types in-
clude sealed, pressure-
relieved and vented
cells. Custom designs
to your specifications
are also available.

Nominal ratings
range from 0.1 amp-
hours to 4.0 amp-hours
in sealed cells and up
to 160 amp-hours in
vented types at the
one-hour rate.

GE nickel-cadmium
cells feature unique
construction providing
a very high discharge
rate capablllty

See how GE's proved
line of nickel-cadmium
batteries can increase
your circuit perform-
ance. For more infor-

| mation, circle magazine
| reader card number
' 507.

[
l

LOOK TO GENERAL ELECTRIC—your best

source for more in electronic components.

ELECTRONIC COMPONENTS SALES OPERATION

ELECTRIC

285-52

GENERAL
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was offered to accommodate the
Intelsat 4 satellites scheduled to
have that life span.

Split up. As technical manager
of the 68-nation consortium, Com-
sat would be charged with design,
development, procurement, and op-
eration of the satellite system in-
cluding the telemetering necessary
to keep it functioning. The secre-
tariat-administrative manager, on
the other hand, would handle the
day-to-day operation of the consor-
tium, budgeting, planning and
housekeeping jobs.

Until the recent turnaround, the
United States fought to maintain
Comsat’s role as the system’s man-
ager. This issue was the main stum-
bling block in a meeting of Intel-
sat countries earlier this year
toward working out a permanent
agreement.

The shift in U.S. position, if ap-
proved by the Intelsat countries,
will cost Comsat in prestige, but
will not seriously affect its reve-
nues. Comsat, which participated
in the talks, is not expected to
fight the shift, apparently in the
interest of unity.

Aiming high. U.S. negotiators
have briefed representatives from
19 countries since the new position
was drafted. William W. Scranton,
head of the U.S. delegation, has
made two trips to Europe to signal
the change in U.S. position. Scran-
ton stresses that his first criterion
throughout the talks will be the
continued high competence and
growth of Intelsat and that the U.S.
is eager to achieve a quick agree-
ment. He also says that the posi-
tions are not totally frozen and that
changes can be made.

The formulation of U.S. policy is
important. Through Comsat, the
U.S. owns slightly more than half
of Intelsat’s stock. With an Amer-
ican company running the con-
sortium, with its headquarters in
Washington, and with the system
built around U.S. made space hard-
ware, many countries resent one-
country domination.

Drop veto. Most U.S.-proposed
modifications involve U.S. domina-
tion. Negotiators are willing to give
up the U.S. veto over Intelsat ac-
tions in the governing board and
perhaps grant one-man, one-vote
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decision making in the general as-
sembly.

At earlier meeting, the U.S. was
silent on the subject of regional
systems, but the delegation was
clearly against them. Now, the U.S.
might be willing to accept some
carefully governed regional systems
if they are geographically compact,
technically coordinated, and not
economically harmful to Intelsat.

The U.S. is now bowing to the
wishes of several member countries
who want a change in Intelsat’s
legal personality—from a partner-
ship to a corporate-like entity.

Follow the MOL

While the Air Force professed sur-
prise when the Pentagon canceled
its manned orbiting laboratory
(MOL), and NASA officials were pri-
vately joyful over having the only
remaining space station project in
town, both organizations must have
seen the handwriting on the wall.
Not only was Congress viewing
military spending with growing
truculence, but Washington offi-
cer’s clubs were alive with specu-
lation about which military sys-
tems would be liquidated in the
Nixon Administration’s campaign
to get the Safeguard antiballistic-
missile system approved by Con-
gress [Electronics, June 9, p. 37].
But NASA, now seemingly in the
pilot’s seat, still faces some prob-
lems. Though House passage ear-
lier this month of the space
agency’s fiscal 1970 authorization
included a Nixon-requested boost
to $75 million from $9 million for
the space station, appropriation—
the vote that puts the money where
the authorization is—still must
come. And that may run into flak
in the Senate from defense spend-
ing critic Stuart Symington, former
Air Force secretary, who reversed
field with the MOL cut. One of the
Missouri Democrat’s biggest con-
stituents, the McDonnell Douglas
Corp., stands to be hurt most by
the chop because it held a $700
million contract for the space lab
plus another $200 million for modi-
fication of Gemini modules for the
effort. What’s more, 7,200 of its
employees are affected.

A chance. Space electronics
hardware makers may eventually
come out winners, however, since
the Pentagon says it wants to keep
about $225 million of the $300 mil-
lion sought in fiscal 70 MOL money
for other space programs—un-
manned reconnaissance and tac-
tical communications satellites
carrying heavy instrumentation—
plus the MOL experiment package
(being handled by General Elec-
tric) which is likely to be turned
over to NASA for its Apollo appli-
cations program (AAP).

Meanwhile, the Apollo applica-
tions program, which paralleled
the MOL in time and use of already
developed hardware, was just
barely alive. At least half the orig-
inally scheduled missions have
been canceled and only five mis-
sions still remained—an orbiting
workshop, the telescope mount,
and three revisits to the original
craft. The workshop was originally
scheduled for launch in 1968 and
the telescope mount for 1969. Both
schedules slipped at the same time
that hardware and experiments for
the programs were cut. The latest
schedule from NASA had the first
Apollo application mission going
in 1972—as late as January of this
year NASA was still planning to put
the workshop up in 1971.

Hard look. As MOL was can-
celed, NASA was in the midst of a
reassessment of its Apollo appli-
cations. Says a NASA spokesman,
“The budget situation of recent
months has introduced uncertain-
ties into our plans for AAP. Several
plans are being examined to deter-
mine new ways of saving money
while still keeping the program
alive.” He points out that one plan
under consideration at NASA is to
launch the workshop and the tele-
scope together on a Saturn 5
booster, as opposed to the present
plan which calls for sending each
mission on a separate Saturn 1B.
Such a plan would also eliminate
the need for rendezvous and dock-
ing of the two craft.

Ironically, the day before the
MOL was canceled and during
NASA’s period of reassessment,
NASA received study proposals
from three firms for its multibil-
lion-dollar proposed orbiting na-
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I've been itching for a
FORUM on molded cable
assemblies. I say you
can’t beat the solder or screw connected assemblies when
it comes to fast repairs in the field.

How about less repairs to begin with? Failure incident
rates have proven to be less with molded cable assem-
blies. Pull tests show why molded assemblies are 50%-
100% stronger than soldered plugs. Solder types, like the
one shown in fig. 1 (bottom) broke at forces as low as 24
lbs. In fact, in the tests we've run, the cable itself broke
before it would pull out of the molded plug.

But when it does break, you’re finished. That could mean
expensive equipment down-time unless it can be quickly
repaired.

Let's say the molded assembly does break. If you clip off
the damaged plug and replace it, you're still better off
than with solder or screw type connectors. You want
better aspirin; we say, eliminate the headache in the
first place.

Repair costs can be expensive, too. Especially, if the
connection is poorly soldered and shows up as an inter-
mittent defect. Add this to the possibility of non-molded
plug handles coming loose from vibration, poor shielding
from moisture and contaminants, or excessive strain due
to plug and cable size mis-matches and you've got your-
self a potential profit-killer.

0.K,, I'll have to concede your point as far as the cable-
plug connection is concerned. But, you’ll have to admit
that when the molding holds the plug parts together,
plastic cold flow can loosen the plug tip and kill reliability.

You're right. That's why Switchcraft doesn't mold the plug
components together.

Fig. 2. shows how we start with a one-piece tip rod, con-
nector and insulators, with the rod solidly staked into the
tip terminal. After soldering the center conductor, a bridge
sleeve is crimped around the cable and connector flange
prior to molding. No tip loosening, no cable strain.

I'm almost convinced. Now give me the bad news about
the cost of molded cable assemblies vs. solder or screw
types.

Brace yourself. Think of what it costs your company ta
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order, stock, assemble and test the cable
assemblies you're now using. Compare
your total costs with the price we'll

quote for a comparable molded cable assembly, and you'll
be money ahead. And that doesn't even include the cost-
savings you'll get from the added reliability of our molded
cable assemblies.

That’s great for phone and phono plugs, but we often get
into some pretty oddball applications where we need a
different type of connection.

You name it, we can produce it. Most of the time, one of
our standard straight or right angle phone or phono plugs,
microphone connectors or extension jacks will do the job.
If not, Switchcraft has the know-how and high production
machinery to run an economical, custom-molded unit to
your specs. Just circle the reader service number for more
info on these standard and custom made molded cable
assemblies.

Sounds good, but how can my staff get further technical
details on specific applications that back up what you’ve
just told me?

Simple. Have them join the FORUM by writing their ques-
tions or comments on your company letterhead. We'll send

mailing list. Every other month, they'll receive this engi-
neering application magazine that we're sure will be use-
ful and interesting to them. 10,000 design engineers can’t

be wrong!!

S W\TLMLRARYY
5587 North Elston Avenue

Chicago, Illinois 60630

Circle 51 on reader service card 51
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tional space station to be launched
in 1975 [see related story on p.
149]. Says a NASA official: “You
can look at it in one of two ways.
It’s either a bad omen for the space
station or a good one. I'll take the
biased view that it’s good, as Con-
gress may be more attuned to a
big space station if fewer small
ones are flying.”

Consumer electronics

Picture image?

Now that both RCA and Zenith Ra-
dio Corp. have brought out their
brighter color television picture
tubes, industry observers are play-
ing a new game called “Spot the
Coincidence.” For RCA’s Hi-Lite
[Electronics, June 9, p. 136] and
Zenith’s Chromacolor are strik-
ingly similar. Both have black
masking around the phosphor dots
to absorb ambient light; both use
nonstandard phosphor dot diame-
ters to achieve a vastly brighter
picture and improved contrast.
Says Zenith’s Sam H. Kaplan,
codeveloper of Chromacolor, “We
patented our process back in 1964,
and have spent more than $5 mil-
lion in research and development
since we began working on its de-
sign in early 1960, and we intend
to see that it’s not infringed upon.”
RCA’s Charles W. Thierfelder, man-
ager of tv picture tube engineering,
acknowledging the similarities,
points out: “In the scientific field

SCREEN

TOLERANCE

SHADOW
MASK

RED EXCITED SPOT

ELECTRON BEAM

APERTURE

CONVENTIONAL TUBE

it’s not unusual for parallel research
efforts to be carried out without
the knowledge of either party.”

On the track. Although RCA has
revealed very little information
about its changes in the basic
shadowmask system, it’'s known
that both companies altered at least
their phosphor dot sizes, developed
new phosphors, and built a more
efficient electron gun. For example,
conventional phosphor dots are
larger in diameter than the electron
beam. This provides a guard band
to prevent color tinting, and makes
it easier to establish and maintain
white field color purity.

Zenith, essentially, interchanged
the beam-dot size relation while
maintaining the same guard band.
It has made the tube’s phosphor
dots smaller while increasing the
shadowmask opening to accommo-
date a wider beam. Hence, while
maintaining essentially the same
active phosphor areas as in the
conventional tube, the Zenith
screen area is 50% blackened by
the deposit of the light-absorbing
material. This permits use of a glass
faceplate with much higher light-
transmission properties, thereby
producing a brighter picture with
increased contrast.

The use of brighter rare-earth
red phosphors such as yttrium ox-
ide and gadolinium oxide, which
are 60% brighter than previously
used phosphors, allows the effec-
tive areas of each color dot in a
red-green-blue triad to be sized
for the individual phosphor effi-
ciency. Thus, the beam current

SCREEN BLUE DOT
(12 MILS)
TOLERANCE
GREEN DOT
SHADOW (13 MILS)
MASK

BLACK
SURROUND

RED DOT ({2 MILS)

ELECTRON BEAM

APERTURE

CHROMA COLOR

Marking the spot. Zenith’s new Chromacolor television picture
tube utilizes an electron beam that’s wider than the dot, plus
a black surround, to give brighter pictures with more contrast.
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neced not be reduced to obtain
color balancing by equal currents.
In addition, each manufacturer
claims to be using a new gun with
improved spot size for sharper pic-
tures under all brightness condi-
tions.

Although Admiral and Sylvania
have also announced tubes they
say are 100% brighter, neither will
reveal technical details.

Communications ‘

Getting pale

The effect of a high-level Penta-
gon decree to review U.S. strategic
communications  systems, both
operational and planned, has al-
ready been felt by potential con-
tractors for the Navy’s Project
Sanguine, an extra-low-frequency
network—below 100  hertz—for
worldwide secure shore-to-ship
communications for submarines.

Scheduled to move to contract
definition last month, Sanguine,
say Navy insiders, may not request
proposals for contract definition
until September. But some con-
tract competitors—among them GE,
RCA, Westinghouse, and Sylvania
—are getting nervous about trying
to hold project teams together until
the fall. All the Navy Electronic
Systems Command, which is run-
ning the program, will say is that
there is money for Sanguine in the
budget—an estimated $20 million
for fiscal 1970—and that an award
for contract definition will be com-
pleted this year.

Tests. RCA is acknowledged
leader in the race with a $4.3 mil-
lion award to set up and operate a
Phase I test facility at the proposed
Wisconsin site in Chequamegon
National Forest. Those tests are
expected to be completed this vear,
although the slippage in the follow-
on awards is likely to hold up sub-
sequent efforts—including construc-
tion of the large-scale Phase II test
facility in 1970 and the test pro-
gram planned for the following
year,

Also hanging fire is a separate
rfp for a development contract for
Sanguine receiver design and spec-
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Bell Laboratories engineers M. I.
Cohen and B. A. Unger have developed
experimental techniquesfor usinglasers
in certain delicate thin-film integrated
circuit work: machining circuit patterns,
making "gap" capacitors, trimming
tantalum thin-film resistors and mono-
lithic quartz resonators, and cutting
masks for circuit fabrication.

Our experimental system (above)
combines a solid-state YAG (yttrium
aluminum garnet) laser, manual posi-
tioning of the circuit, and television ob-
servation. The optical part of the system
was developed by Western Electric’s
Engineering Research Center, located at
Princeton, New Jersey.

The high spectral purity of the con-
tinuous-wave YAG laser, invented at
Bell Laboratories, lets us focus the light
_toavery small spot for precision cuts

Micromachining with the laser

less than 5 microns (1/5 mil) wide and
resistor trimming accurate to better than
0.1 percent. And, through Q-switching,
the YAG laser produces high peak power
at high repetition rates—over 1,000 pps
—giving us the cutting speed necessary
for practical circuit work.

Laser beams passthroughanytrans-
parent atmosphere or material and can
be accurately concentrated onto tiny
areas. With the proper wavelength, we
can machine components inside a trans-
parent encapsulation without damaging
it. Also, since we can regulate cutting
depth, we can “micromachine” thin films
without harming underlying materials.

To make capacitors, for example,
Cohen and Unger use a laser to cut
(vaporize) a narrow gap between con-
ductors. In gold conductors on sapphire
oralumina substrates, they have cut gaps

from5 microns to 600 microns wide with
good control.

Similarly, BellLabsengineers have
adjusted thin-film quartz crystal resona-
tors to frequencies as precise as one
part in 102 The laser vaporizes part of
the thin-film electrode, raising the res-
onator frequency to the desired value.

By removing hairlineshorts, we have
also repaired expensive integrated cir-
cuits that could not be reclaimed by
standard techniques.

Pioneered at Bell Laboratories and
Western Electric, laser micromachining
is already in pilot and volume produc-
tion use at Western Electric and
other major integrated
circuit manufacturers.

From the Research and &
Development Unit of
the Bell System— Bell Labs



RX Bridge
spans the
o0 kHz

tio 250 MHz

range
---precisely

oscillator, bridge and
null detector all-in-one

The 250B RX Meter is a self-contained RF
bridge that reads impedance in terms of
R, and X, from 500 kHz to 250 MHz. It con-
sists of an accurate, continuously tuned oscilla-
tor, Schering bridge, amplifier-detector and null
indicating meter.

Ruggedly constructed, the 250B bridge assures
the user of the stability necessary for precise
measurements. A front panel control adjusts
the RF excitation signal to as low as 20 mV,
permitting measurement of input and output
“Y” parameters of transistors with the acces-
sory 13510A Transistor Test Jig, and use of the
bridge for other low-level measurements.
Another accessory, the 00515A Coax Adapter
Kit, provides a convenient means for adapting
the bridge terminals to type “N” connectors
for measuring devices with coaxial connections.
The 250B RX Meter is especially useful in
determining electrical characteristics of de-
vices and circuits such as inductors, capac-
itors, transformers; and filters. Price: $2050.

For complete information and a copy of the
250B Technical Data Sheet, contact your
Hewlett-Packard field engineer or write:
Hewlett-Packard, Green Pond Road, Rockaway,
New Jersey 07866. In Europe: 1217 Meyrin-
Geneva, Switzerland.

HEWLETT w PACKARD

IMPEDANCE INSTRUMENTS

10908
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ifications. A Navy source says he
no longer knows when this rfp
can be expected. Similarly, sources
are uncertain whether the Navy
will be able to upgrade the pro-
gram’s size to include extra-low
frequency receivers for fleet air-
craft as a substitute for currently
vulnerable h-f units. This, too, de-
pends on the outcome of the top
level DOD communications pro-
gram review.

An additional concern to com-
panies anxious to get a piece of
Sanguine’s estimated $1.5 billion
action is the outcome of an eco-
logical study now in progress at
Hazelton  Laboratories, Falls
Church, Va. Since Hazelton isn’t
talking, equipment makers can only
speculate what this examination of
extra-low-frequency  electromag-
netic radiation generated by San-
guine transmitters will show and
what the impact will be. Conserva-
tionists in Congress are thinking
that extra-low-frequency radiation
will do more than foul up television
reception and make telephones
ring. They speak about possible
pollution of the region.

Trepidation. As one industry
source says, “All they have to do is
report that Sanguine could cause
cancer in birds or make deer sterile
and were dead.”

Though the threat of such a de-
velopment is viewed as impossible
by engineers following the pro-
gram, the Navy does have plans to
develop a specially-shielded cable
for use with the Sanguine trans-
mitters. Currently plans have the
cable laid out and buried in a
north-south/east-west pattern that
will create a 150-square-mile under-
ground checkerboard with individ-
ual and separate power generators
at each point of intersection.

Contracts

Valhalla for hardware

Though the odds are overwhelm-
ingly against finding life on Mars,
NASA has not been deterred from
committing almost a billion dollars
to investigation of the idea. Two
flights have been there, two Ma-

riner spacecraft are on their way
to a midsummer Martian orbit, and
two more Mariners are scheduled
to go in 1971. Currently NASA is
busy committing half a billion dol-
lars to the most ambitious Mars
venture to date: Project Viking.
The program entails launching two
spacecraft in mid-1973, each con-
sisting of a Surveyor-type soft
lander mated to a Mariner-1971
class orbiter.

Viking is now getting into full
swing. NASA and Martin/Denver
are negotiating to build the two
soft landers and act as technical
integrators for the program. The
Martin contract, to come by Octo-
ber 1, is estimated to be in the
neighborhood of $280 million.
Meanwhile, NASA has decided to
give its Jet Propulsion Laboratory
the job of constructing the two
6,000-pound spacecraft that will
orbit Mars and deposit the 1,000-
pound landers on the planet’s sur-
face.

The program will involve most
of NASA’s unmanned space centers.
Langley Research Center will
handle lander development and act
as overall program manager, and
the Lewis center will handle the
Viking Titan 3D/Centaur launch
vehicles. Ames Research Center is
now at work on sophisticated life-
detection equipment—earlier this
year it gave Ball Brothers Research
Corp. and the Bendix Corp. con-
tacts for instrumentation develop-
ment. Goddard Space Flight Cen-
ter and Electronics Research Cen-
ter will be given Viking duties as
the program gets moving.

Up in the air. Walter Jakobow-
ski, Viking program manager. at
NASA headquarters, says that the
actual contents of the 75-pound
experiment package for the lander
has yet to be determined. He ex-
plains, “We are not going to com-
mit ourselves until we have the
results from the two Mariners that
orbit this summer. We've set a
deadline of December 15 to decide,
which will give us a chance to
look at the Mariner results and re-
ceive the ideas of the scientific
community.” Currently Jacobow-
ski’s office is going on the assump-
tion of a typical payload that can
be changed. It would include life-
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Symbolic electronic signal undistorted by EMI| —
When you want radar as pure and coherent as a laser beam... Photograplieo by Hawardi Sachura

bring ERIE in early.
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Better solutions come
from DEECO

Try these for starters:
TTL. DTL. General Purpose Diodes.

The status quo isn’t quo any more on TI’s TTL delivery. TI has now substantially expanded its TTL
manufacturing capacity and more of these circuits are coming our way. Delivery is better than ever
on TI’s 17 Series.54L/74L low power circuits, 26 Series 54/74
standard gates and flip-flops, 13 Series 54H/74H high speed
circuits and 23 TTL/MSI types. They all come in TI’s dual-
in-line plastic package; most also come in the military-rated
flat-pack and ceramic DIP. With this wide selection to choose
from and delivery picking up, TI is your best TTL bet. Call us
and find out more.

Shave delivery time on TI’s DTLs by placing big orders with us. You can

now get your big orders for TI’s plastic DTLs filled faster. Just contact

us directly. Availability of these devices is such that we are primed to

accept and handle large DTL orders without delay (and we still

welcome small orders). Because TI makes 20 DTL circuit

types in the dual-in-line plastic package, we can provide

- exactly the functions you need. You can count on economy and

reliability. Some 1700 users have put more than 30 million TI plastic devices into tough jobs for a

total of 30 billion operating hours. Big order or small, for the wide choice in dependable DTLs de-
livered fast, try us.

General Purpose Diodes — TI’s big 12 sub for hundreds. Here’s how to save
considerable work and worry selecting general purpose diodes.
There are more than 1000 general purpose diodes in the world
today, yet a mere dozen T1 types —1N456-58, IN482-85,
1N645-49 —will do the lion’s share of the work. TI’s big

12 come in low- and high-conductance types. The

low conductance diodes are now of planar wafer con-
struction, giving higher stability and lower leakage in the pico-amp range. For TI’s data sheets on
these 12 workhorse general purpose diodes, circle 320 on the Service Card.

For better solutions, call

DEEC O%I N c. T
DISTRIBUTORS — SERVING INDUSTRIALS EXCLUSIVELY ZM%’;II@WZE \\2

2500 16th Avenue S.W. « Cedar Rapids, lowa 52406 +« Phone (319) 365-7551
Free Wide Area Telephone Service: From Surrounding States Dial: 800/553-5421 < From Within lowa Dial: 800/332-5478
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and water-detection systems,
equipment for organic analysis, a
tv camera, and meteorological
equipment.

As the negotiations for the
lander are concluded Martin will
be lining up its subcontractors. Ac-
cording to Jakobowski, the only
member of the team besides Mar-
tin that has been determined thus
far is RCA, which will handle com-
munications. A Martin spokesman
says that it will be about six weeks
before it starts getting subcontrac-
tors in line, as it still has to work
out exact specifications for the
lander with NASA.

Meanwhile, NASA’s Langley has
just asked for bids on the support-
services contract for Viking, It will
include data management, mission
assurances, configuration manage-
ment, test planning, project admin-
istration, and mission design. In
all, 37 firms have indicated interest

in bidding.

Space electronics

Moon measure

How high the moon? Well, we’re
going to find out.

When Apollo 11 lands on the
moon this summer the astronauts
will leave behind a two-foot-square
array of fused silica corner re-
flectors. It will form one end of an
optical tape measure that will per-
mit laser ranging to accuracies of
about 1.5 meters. Even the best
data now available is uncertain by
hundreds of feet and, consequently,
so are the characteristics of the
moon’s orbit.

A lunar laser observatory was
built about 40 miles north of
Tucson especially for the experi-
ment by the Air Force Cambridge
Research Laboratories in Bedford,
Mass. Although NASA funded most
of the observatory’s construction,
AFCRL’s Donald H. Eckhardt will
be principal investigator.

The observatory’s equipment al-
ready is being tested. A key ele-
ment is a ruby laser capable of 10-
joule, 10-nanosecond pulses built
and installed by the Hughes Air-
craft Co. The laser pulses will pass
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through a 60-inch telescope built
by the University of Arizona. Al-
though the 10-foot pencil beams of
light will have expanded to a di-
ameter of about 2.5 miles at the
moon, the corner reflectors will
return enough light to enable tim-
ing of the pulses’ round trip using
a cesium clock accurate to 10 nsec.

Refinement. The aim of the ex-
periments is refinement of the lunar
orbit which though nearly circular,
varies by about 14,000 miles be-
tween apogee and perigee. By
measuring during many orbits, usu-
ally at lunar night to prevent the
reflections from being drowned in
sunlight, the AFCRL crew expects
to get the data needed.

Instrumentation

Failure ferrets

Now that its first phase study
showed the effectiveness of tech-
niques proposed to increase system
reliability, the Navy has just
launched Phase II of its portion of
the triservice experiment to in-
crease mean time between failure.
Tt will take 12 months, says Walter
Stender of the Electronic Systems
Command, compared to three
months for the initial phase.

Under the program, originated
by the Directorate of Defense Re-
search and Engineering, the Navy
says it has established statistical
and technical evidence of methods
aimed at reliability gains using AN/
PPS-6, a Marine Corps tactical ra-
dar, as a study base. This is the
General Instrument 36-pound,
backpack, noncoherent-pulse, dop-
pler unit operating at X band.

The Air Force is running a com-
parable program using its AN/ARC-
34 airborne uhf command trans-
ceiver, while the Army is testing
its AN/VRC-12 forward area tactical
radio. Both, like the PPS-6, are
operational systems.

Tests on PPS-6 production units
showed an average of 621 hours
before failure, indicating a calcu-
lated mtbf of 1,870 hours for sys-
tems overall.

In its eyes. To achieve a calcu-
lated mtbf of 58,800 hours—an

NEWL
POWERTEC

GR*
POWER SUPPLIES

PRICED FROM

$ 00
29

% Guaranteed Reliability

PRICE & QUALITY
OPTIMIZED

New low cost family of units for applications
with IC’s, other digital logic, OP amps and
low voltage analog circuits.

Only MIL and computer grade components
are used in this versatile family. Calculated

reliability per MIL-HDBK-217A exceeds
150,000 hours.

Output voltages are available from 3.6 to
36VDC with =0.1% regulation in a variety
of types including fully adjustable units.

Input: 115VAC 47-440 Hz

Typical Outputs: 0 to 36V at .25A
5.0V at 2.5A
+15.0V at .5A

The Powertec GR Series is currently avail-
able from stock. Detailed spccifications and
prices are available upon request.

CUSTOM POWER SYSTEMS

Powertec's experts are capable of solving
your most difficult power conversion re-
quirements.

POWERTEC

DIVISION
9168 DeSoto Ave., Chatsworth, Calif. 91311
Phone (213) 882-0004
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GORDON METERS

Only Gordon Panel Meters offer you all these
outstanding features:

Sparkling clear high-impact Lexan® covers for
optimum visibility, protection

Classic D'Arsonval DC mechanisms, AC rec-
tifier type models, flush or edgewise
Self-shielded Alnico core magnets

Sapphire spring-backed bearings

One-piece bridge for accurate alignment
Easy-to-read scales, lance pointers

Clean-room-built by GORDON to ASA standards
in popular sizes and ranges
Custom design capability, backed by over 50
years' instrument know-how

Get the Gordon Meter value package...meters
attractively priced and packed in cartons with
a touch of gold!

FREE GORDON METERS CATALOG. WRITE TODAY!

ﬂ GORDON

PNEUMO DYNAMICS CORPORATION
5710 KENOSHA ST, RICHMOND, ILL. 60071

Export: 2200 Shames Dr., Westbury, N.Y. 11590
Cable CHURCHIN
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essentially failure-free system in
the Navy’s eyes—the second and
third phases of the program will
seek to eliminate as many discrete
components as possible by using
multichips and monolithic inte-
grated circuits and by substituting
high-reliability components devel-
oped to NASA specs for the remain-
ing discrete parts.

Additionally, says Stender, there
will be overstress testing to guar-
antee proper design derating for
environmental stands of tempera-
ture, vibration, and shock; strict
parts screening; and use of MIL STD
217 to qualify microcircuits. The
Navelex engineer emphasizes, how-
ever, that present performance pre-
diction for IC’s under 217A “are not
only inadequate, but misleading”
because of rapid advances in cir-
cuit development.

Highest failure rate of modules
in the 1,870-hour mtbf calculations
for the PPS-6 were in the magnetron
and klystron, according to Stender,
“of which the magnetron appears
to be the most critical unit in the
system.” (Battery failures were not
counted as they’re replaceable.)

In general, the Navy feels failure-
free radar has been prevented by
microwave power sources, high-
voltage modulators, scan motors,
and waveguide plumbing subsys-
tems.

A solid look. Thus, a design ap-
proach beyond the General Instru-
ment system is also being looked
at. It’s a 25-pound RCA pulsed radar
similar to RCA’s AN/PPS-9, a con-
tinuous wave unit, It contrasts with
the PPS-6 in that it uses all-solid-
state power generation; stripline
power distribution; and all-sub-
strate-mounted solid state, duplex-
printed circuit antenna and re-
ceiver. RCA, under a Navy test
study completed late last year, cal-
culated mtbf at 6,300 hours.

Though the Navy believes it is
making headway in its effort to cut
logistics support of systems like
the tactical radars—costs which
sometimes run to 100% of initial
hardware costs over a 10-year life
span—it recognizes that much more
data is needed.

In Phase II, new systems will be
built using the new, tighter specs
developed from Phase I, and these

will be submitted to operational
and environmental tests with an
eye to determining cost of owner-
ship on the basis of which have
fewer failures.

Then comes Phase III, a six-
month effort to demonstrate relia-
bility of equipment within the lim-
ited test time to meet the 10,000-
hour goal. After that, says Stender,
“We'll just dump some of these
units into operating commands and
see how they perform in real life.”

For the record

No more needles. The John Fluke
Manufacturing Co., a prime digital
voltmeter holdout, will show its
first digital model at Wescon (Au-
gust 19 to 22). Fluke’s dvm doesn’t
have dual-slope integration cir-
cuitry—Weston Instruments claims
the dual-slope technique as its own.
So by using another approach,
Fluke expects to avoid licensing
problems.

Irresistible. Insiders say that the
Bendix Corp. sold its semiconduc-
tor operation to Solitron Devices
because the division wasn’t bring-
ing in the kind of profit Bendix
management expected. But Russell
D. O’Neal, the new president of
Bendix Aerospace-Electronics, says
that isn’t so. His explanation:
“They made us an offer we couldn’t
turn down.”

Full speed ahead. Monsanto in-
tends to get into the automatic in-
dustrial controls field by acquiring
the Fisher Governor Co. despite
objections by the Federal Trade
Commission’s merger division. At
the same time, Monsanto will re-
organize its electronics business
into a separate division.

Taming the blue yonder. The
Federal Aviation Administration
has added automatic altitude read-
out to its Common Instrument
Flight Rules Room at New York’s
Kennedy International Airport. It
was accomplished through the ac-
tivation of a computerized alpha-
numeric radar subsystem. The
added electronic capability reduces
the verbal communication neces-
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invents the 12 amp

and now...
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the industry’s first
fused-in-glass SCR.

It has so many superior features it

deserves to be called “something else”.

Ideal for pulse modulator applications
Smallest medium-power SCR

Efficient switching of high pulse currents
Peak repetitive pulse current 150A in

high frequency modulators

Anode voltage 100 to 600V
Low forward voltage drop
Forward current 12A
Peak gate current 100A
3.5°C/watt thermal impedance

TAKE A LOOK AT THE WAY IT’S BUILT

UJ

()

®
580 Pleasant Street, Watertown, Mass. 02172 (617) 926-0404 w
D o AR

Circle 59 on

Two fused-in-glass seals
melted, wetted and fused to
both silicon and metal sur-
faces permanently protecting
and stabilizing the SCR die in
a voidless Unitrode package.

Thermal coefficients of glass,
pins, and silicon are matched
to withstand extremes in tem-
perature shock and cycling.

True metallurgical bonds from
terminal pins to the silicon
provide rapid heat transfer and
high current capability.

Borrimrs
beeemarn

Check off the reply card now for a really com-
prehensive set of specs, charts, graphs, and
curves. Or if you want really fast service, call
John McCusker collect at (617) 926-0404.
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440 DIGITAL FICOAMMETER

MEASURES MILLIAMPERES TO PICOAMPERES
AND NARROWS THE GAP
BETWEEN PRICE AND PERFORMANCE

See the first digital picoammeter above? It's our new $1495 autoranging
Model 445. It simplifies measurements from 10-2 ampere f.s. to 10-°
ampere and provides both analog and BCD outputs. The second is the
Model 440, new too. At $995, it features 10-2 to 10-10 ampere f.s. current
ranges, has an analog output and an option for BCD.

Both picoammeters are packed with convenience features designed to
minimize operator error and maximize performance. Stable to 0.5% of full
scale per week, they make low level measurements accurate to 0.2% almost
routine. And provide variable display rate to 24 readings per second. But
isn't that what you’'d expect from a firm with years of analog picoammeter
design experience? And an industry-wide reputation for quality? Like
Keithley.

See if you don’t agree we have the best digital approach to picoampere
level measurements. Call your Keithley Sales Engineer for demonstration
and details. Or contact Keithley Instruments, Inc., 28775
Aurora Rd., Cleveland, Ohio 44139. In Europe: 14 Ave.

Villardin, 1009 Pully, Suisse. Prices slightly higher outside
the U. S. A. and Canada.
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sary between pilot and controller.
In December, the automatic alti-
tude readout will be installed at
the first enroute center for the Na-
tional Aerospace System in Jack-
sonville, Fla.

Pushbutton. RCA has installed
what it says is the first computer-
controlled production system in the
consumer electronics industry. A
Spectra 70/45 is being used initially
to direct design, material control,
assembly, and testing of tuners for
stereo sets; eventually, it will con-
trol manufacture of other items,
including television receivers.

Drop at a time. A high-speed
printer, to be used by comput-
ers over conventional voice-grade
phone lines, has been introduced
by the A.B. Dick Co. Called the
960 Videojet, the printer is a non-
impact type that utilizes a stream
of ink droplets to put out 250 char-
acters a second on ordinary busi-
ness forms; it can automatically
answer a Dataphone subset, print
the transmitted data, and terminate
the call. The company envisions
immediate application in time-
sharing networks, remote batch
processing with local print require-
ments, message-switching systems,
news wire services, and as a local
line printer for use with small com-
puters. The 960 will compete for
sales with similar printers, such as
ITT’s Inktronic.

Detective. A $55 pocket-size de-
tector that can find static charges
or leakage current in medical elec-
tronic equipment will be marketed
this fall. Developed by Roveti Sys-
tems and made by the Daniel
Woodhead Co., the device can
detect current as small as 5 micro-
amps; a diagnostic instrument with
as little as 15 pamp leakage can
stop a man’s heart. The detec-
tor operates on standby duty for
about a year on a 9-volt battery.
In operation, the hand-held de-
vice’s antenna is passed closed to
the equipment being checked. A
g0, no-go signal is registered when
it detects a potential hazard. Other
detectors, costing around $200, are
bulky and have to be plugged into
the medical electronic equipment.
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FIRST IN CIRCUITS...FIRST IN QUALITY...
AND FIRST IN THE HEARTS OF MILITARY MEN!

By now everyone knows that Stewart-
Warner has the broadest line of 930-
type DTL’s in the industry. But why is
this line the preferred choice of mili-
tary users?

First, there’s our new policy for Group
B environmental testing. We are now
testing to the tough Class A level of
MIL-STD-883 by subjecting all mili-
tary-type production lots to this strict
new IC standard on a continuous 6-
week sampling basis.* But if you think
that’s enough, we don’t.
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So we also put our products through
an exclusive triple testing program that
ensures the uniform high quality of the
line: 100% DC parameter tests at the
wafer stage; another 100% classifica-
tion testing after assembly and mechan-
ical screening; and, at no extra cost, a
third 100% testing prior to shipping.

What more could anyone want, except
perhaps low price and good delivery?
Well, just try us on price; and, for im-
mediate off-the-shelf product delivery,
call your local Stewart-Warner Micro-

circuits Distributor. Or for more infor-
mation on our 930-type products and
our hi-rel program, contact us or our
local sales representative.

#Except for Reverse Bias Burn-in and Moisture
Resistance Vibration.

STEWART-WARNER &
co s ot

MPANIE

STEWART-WARNER MICROCIRCUITS, INC.
730 EAST EVELYN AVENUE, SUNNYVALE, CALIFORNIA 94086
PHONE 408/245-9200 TWX 910-339-9210
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We've made child’s play

out of toroid selection
for pulse transformers.



INBIANA GENERAL We make it easy for the design engineer.

Indiana General’s popped up with an end to trial-
and-error spec’ing: the first and only toroids with
specified characteristics for pulse transformer
applications.

Not just the usual irrelevant magnetic prop-
erties, either. Each part is designed as a pulse
component, and listed by its pulse inductance,
pulse magnetizing current and ET product. All
according to ASTM metheds.

And thanks to our automatic high speed
testers, we can guarantee all parameters. Every

. pulse transformer toroid we
make is 100% pulse-tested to
v performance specifications.

\ So reliability is assured, from
samples to production quan-
tities. And all toroids can be
coated, to prevent the wire’s
insulation from being scraped
when winding, or penetrated later.
Various toroid sizes from
0.080” are available. Tell us your
pulse transformer core problems.

Indiana General Corporation
Electronics Division/Ferrites
Keasbey, New Jersey

Let’s see how your pulse-rated toroids can
make it easier for me. Attached are details
of my pulse transformer core problems.

NAME.

TITLE.

COMPANY.

ADDRESS

CITY. STATE. ZIP.
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Here are two more examples that illustrate the versatility of
Siliconix driver/ FET switch packages in data transmission systems.

> DIFFERENTIAL (TRANSDUCER) MULTIPLEXER +V Ry
Functional ey v r 'ax: Switch I sreurs E_ Ry 'Y
Description YP gﬂ:;’]‘s’ Type . ‘ W——I
( ) Rs2 | ’_r— | | Li1o1 > —o Eont
£y 3 | 1~
ot im B8 3 DGI20 | 600 PMOS 0) s
121 600 PMOS i ;_Lr
D>
DO 4
=D o Rs
| | e
DPST |
cn o i % L
. et 2 DGI22 | 600 | PMOS 2 —I-D—D’——"'
—_ s |
' :_° 132 600 PMOS g . ‘E
b D = 2 Rs< | —
= 2 DG126 80 N a1 O+
x ] D&120
129 30 N - e —
b i O 140 | 10 N
DO ppsT —
ENABLE
Two and three channel packages are available with various This three channel version of a transducersmultiplexer
ON resistances to meet your specific requirements. uses a single DG120 along with an LH101.
Drivers accept standard DTL, RTL, or TTL logic inputs.
BUFFERED SAMPLE-AND-HOLD CIRCUIT
. Max . | N I
Functional J Switch | V206133 ]
Al Channels | Type Tps (ON ] :
Description P (3?1;1‘1)5\)’ Type ’ 2 1
e —— @ DGI110 600 PMOS
———— T3 111 600 PMOS
—ooTa 112 600 PMOS o ===
133 30 N SAMPLE: S and S5 CLOSED
1 134 80 N HoLg:. ), .0SED
| 141 10 N
147 600 PMOS g
148 40 PMOS E ‘
4 DG116 600 PMOS ﬁ_:
118 600 PMOS ENABLE =
——————— 5 DG123 600 PMOS 5 :
et IS 3 125 600 FAMGS Low input leakage of the L120 OP AMP
makes it ideally suited for sample-and-hold circuits.
One of these driver/switch combinations may be used with Two channels of this circuit require only three
your sample-and-hold circuit. These switches may also DG133s and one L120. An alternative approach would
be used to implement your multiplexer/decoding functions. require two DG129s and one L120 for two channels.
SILICONIX - TR T S i Siew |+ Operation from =5 to
—55 to +125°C current gain swing Taie +20V power supplies
LM 101 e Low current drain
i g e Continuous short cir-
LH 101 6 mV 500 nA 50K +12V 0.25V/ usec. cuit protection 3
- (Internally K e Same pin configuration
compensated) as 709 amphﬁer
e Low input leakage
-:D_ e High slew rate
- I8 - : . ; e Unity gain stable
g L 120 200 mV 50 pA 100 12N 20V / usec. o Ideal for sample and
4j>—" hold, integrating and
fast voltage comparisons

Working on data transmission? Write today for complete data on any or
all Siliconix driver |[FET switch combinations and OP AMPS.

For instant applications assistance, call the number below. Ask for Extension 19.

Siliconix incorporated

7740 West Evelyn Ave.
Telephone (408) 245-1000  *
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*  Sunnyvale, Calif. 94086
TWX 910-339-9216
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of fthe

BIANIs

GENERAL INSTRUMENT ADVANCED NITRIDE TECHNOLOGY PRODUCTS
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the first stafic dual 16-bit shiff register

directly compatible with TTL, DTL and NOS

is also fthe lowest priced shift register

DATA INPUT Ay

DATA INPUT A -
Ver

16 BIT SHIFT

{
REGISTER DATA OUTPUT A

DATA INPUT
SELECTOR A I
CLOCK A

seT A f

DATA INPUT B,

DATA INPUT B, |-

Vai

16:BIT SHIFT

REGISTER DATA OUTPUT B

DATA INPUT |14
SELECTOR B
CLOCK B

SE1 B/

Logic Diagram $S-6-8211

12v +5V
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INPUTS 4 L Vo
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MOS LOGIC OUTPUTS > (L;??IFO(‘;:?
VOLTAGE
MOS LOGIC
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17v
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LOW VOLTAGE CLOCKS $5.6.8211
MOS OR TTL/DTL ————> DUAL 16.BIT S/R TO HIGH
REFERENCED TO OUTPUTS

5

> OR LOW
VOLTS VOLTAGE
MOS

MOS Operation

General Instrument’s exclusive MTNS process has now been
translated into a line of standard General Instrument LS| cir-
cuits.

The Dual 16-bit DC Shift Register is the first of the family of
GIANTs (General Instrument Advanced Nitride Technology
Products) to be introduced.

This giant step forward results in LS| devices which are totally
compatible with TTL, DTL and MOS, and as in the case of the
Dual 16-bit DC Shift Register, lower in price than any other
such device available.

The well-known performance and reliability advantages in-
herent to MTNS devices are, of course, present in all GIANT
LS| circuits. These advantages include: a reduction in the num-
ber of system power supplies required, the elimination of inter-
face circuitry, a reduced parts count and fewer interconnec-
tions, lower power dissipation, increased operating frequency
and an increased operating temperature range.

The most outstanding feature of General Instrument's Dual 16-
bit DC Shift Register—and of every standard GIANT product—
is the exclusive Val terminal, which gives the user a choice of
interfacing directly with TTL/DTL or MOS (as shown in the
block diagrams above).

This shift register contains two independent 16-bit DC to 2MHz
shift registers constructed on a single monolithic chip utilizing
MTNS P-Channel enhancement mode transistors. Independent

single phase TTL/DTL compatible clock and data inputs are
provided for both registers. Each shift register bit is imple-
mented with a cross coupled flip-flop, so that data is stored
indefinitely regardless of the logical level of the clock. Data on
the input is sampled while the clock is at a “‘0"" level and the
register shifts on a ‘0’ to ‘1"’ transition. Separate input data
selector controls are provided on each shift register. They de-
termine which of the two inputs shall be shifted into the regis-
ter. Each shift register also has its own set input which forces
all stages of the register toa ““1" level.

Among the other features of the Dual 16-bit DC Shift Register
are: power dissipation of 120 mW, full military temperature
range of —55°C to +125°C, high input impedance, stable
threshold over time vs. temperature, multiplexible inputs, the
need for fewer packages compared to equivalent TTL/DTL cir-
cuits, and set control.

The General Instrument Dual 16-bit DC Shift Registers are
truly GIANTs among shift registers. They are immediately avail-
able from your authorized General Instrument Distributor.

For full information write, General Instrument Corporation,
Dept. D, 600 West John Street, Hicksville, L.I., N.Y. 11802.

(In Europe, write to General Instrument Europe S.P.A., Piazza
Amendola 9, 20149 Milano, ltaly; in the U.K., to General
Instrument U.K., Ltd., Stonefield Way, Victoria Road, South
Ruislip, Middlesex, England.)

*$7.50 each in quantities of 100 pcs. in a TO-72 package (Gl part #5S.6-8212). Also available in a 16-lead dual in-line package (G| part #SS-6-8211) at $13.80 each in quantities of 100 pcs.

GENERAL

INSTRUMENT

GENERAL INSTRUMENT CORPORATION +« 800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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<“FSPER?‘W’ RAND

> .
YSPERRY

MICROWAVE IC
PROGRESS REPORT *7:
COMMUNICATION MODULES

Sperry's PACT (Progress in Advanced Component
Technology) Program is developing a fully-integrated
transmitter/receiver/duplexer module for an airborne
communications array at X-band. The program has con-
tractual support from the Air Force Avionics Laboratory,
USAF, Dayton, Ohio.

The function of the phased array system is to establish
communications between aircraft and synchronous satel-
lite repeater stations, which in turn are linked to a ground
station network and to other aircraft. This makes it pos-
sible for the crew of an airplane to be in constant contact
with anybody, worldwide. Handy for all sorts of missions
and indispensable in the event of conflict.

SYNCH SIGNAL

MICROSTRIP LO
INPUT 4

/IF AMPLIFIER PAD

_MIXER
RECEIVE

CIRCUL-
\— FILTER

ATOR

PHASE SHIFTER

10db

COUPLER ANTENNA

RECEIVER CIRCUIT FOR COMMUNICATIONS MODULE

Within the confines of each phased array element, which
is less than an inch square and three inches long, is a
complete transmitter/receiver/duplexer. Essentially com-
posed of a signal source, a receiver, a mixer and an
antenna, the module utilizes Sperry's advanced thinking
throughout.

SPEIxRY

MICROWAVE ELECTRONICS DIVISION

CLEARWATER, FLORIDA
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The rf circuitry is photo etched on metallized ceramic
substrates 0.055 inches thick. Conductors are vacuum
deposited gold on top of chromium. Follow-up plating
produces half-mil thick strips. Transmission efficiency
can be gauged by measuring rf energy loss, which, in
this case, is no more than 0.15 db per inch.

Transmitter signals are generated by a Sperry Avalanche
Transit Time Oscillator (ATTO), discussed in Progress
Report #1. Energized by a DC voltage, the ATTO yields
a 1-watt CW, X-band signal at an efficiency of 5%.

Sperry's gallium-arsenide Schottky-barrier diodes do the
active conversion work in the receiver and the “rat-race”
hybrid handles the signal with a single sideband noise
figure of better than 6.5 db over a 12% bandwidth.
(Sperry hybrid work was discussed in Progress Report
#5.) Signal processing and control circuitry design has
been materially aided by a Sperry-developed computer
program.

TRANSMIT
FILTER

ISOLATORS

RAT RACE
HYBRID

INPUT & OUTPUT OF
FREQUENCY LOCK-
ED ATTO XMITTER

ATTO  HEAT SINK

TRANSMITTER CIRCUIT FOR COMMUNICATIONS MODULE
What we have accomplished for the Air Force, we can
accomplish for your microwave system, regardless of
frequency or operational mode. At Sperry, PACT is more
than a clever acronym. Our business is microwaves, and
our goal is to provide customers with ways of accom-
plishing microwave functions.

May we hear from you about your system requirement?

For faster microwave progress,
make a PACT with people
who know microwaves.
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Capital battles rage
as new issues rise

NASA zeros in
on Grand Tour...

. .. and considers
two missions
instead of one
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Washington Newsletter
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Fireworks are everywhere in the capital even though July 4 is still two
weeks away. While the Pentagon and the Congress are flailing away at
each other, the White House, backed by the Budget Bureau, is anxiously
seeking an accommodation on a variety of confusing issues, ranging from
poor Pentagon program management and massive contract cost overruns
to charges of the DOD’s overreaching its power.

While most of the attention is being focused on the larger issues such
as ABM, the F-111's Mark 2 avionics system, and the manned orbiting
laboratory cancellation, other areas of controversy are in the making.

For one, the naming of the Defense Supply Agency to take over all
Government procurement of standard electronic parts and components
from the General Services Administration is expected to further antago-
nize Pentagon critics in Congress.

For their part, industry spokesmen, while generally favoring centraliza-
tion of parts procurement for all—including civilian—agencies in one
shop, agree that the selection of the DSA was poorly thought out and
badly timed.

DSA officials, on the other hand, claim that critics of the new ruling
have missed the point, and that only parts and components—not complete
hardware packages or systems—will be affected when the changeover
takes place on September 2.

NASA, meanwhile, is moving quickly in hopes of cashing in on the
“Apollo fever” that has gripped the nation.

Coming off the glittering successes of Apollo’s 9 and 10, space officials
are busily setting the stage for the most ambitious unmanned program
yet proposed—the Grand Tour. The program, which would send
unmanned probes to the outer planets in the late 19705 could carry a
price tag of better than a billion dollars.

Design studies are already being conducted at the Jet Propulsion Lab-
oratories. Now, NASA wants to get outside studies rolling.

NASA’s chief, Thomas Paine, hopes to sell the Administration on the
program by first convincing the Space Task Group, headed by Vice
President Agnew, that the Grand Tour would prevent the U.S. from fall-
ing behind the Soviet Union in space exploration. Another argument is
that the planets won't be in line again for such shots for about 180 years.

One omen that portends well for new NASA programs: the House
earlier this month voted the agency $3.9 billion for fiscal 1970. And that’s
more than was recommended by Presidents Johnson and Nixon.

How will the Grand Tour, if approved, shape up? The betting now is on
two tours—one trip to Jupiter, Saturn and Pluto, and the other to Jupiter,
for a second look, Uranus and Neptune.

Originally, the plan called for a single mission to Jupiter, Saturn,
Uranus and Neptune. However, the feeling inside NASA now is that the
dual-mission approach would, in addition to adding Pluto to the itinerary,
yield data on three planets should one mission fail. Moreover, if both
missions succeed, more data would be provided about Jupiter.

According to those opting for the dual-mission approach, two tours
would cost only slightly more than a single tour of four planets.
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DSRV program
could be beached

Budget Bureau seeks
more buying options

ATS1and2
up for grabs

MIT gets $1.6 million
for Polaris work

70

Washington Newsletter

The Navy’s deep submergence rescue vehicle (DSRV) program may be
next on the list of those being terminated, now that Sen. William Proxmire
(D., Wis.) has gotten the Pentagon to admit that the cost of the Lock-
heed-built vessels has escalated to $80 million apiece from an initially
projected $3 million figure.

Equally important to the fate of the program is the growing Congres-
sional awareness that most Navy subs, when in trouble, sink below their
maximum depth and-like the ill-fated Scorpion and Thresher—are
crushed, leaving nothing for the DSRV’s to rescue.

Should the Navy be obliged to scrub the program, sources say the
Navy would like to divert the money to a sister project, the deep sub-
mergence search vehicle. Both programs have been starved for funds
over the past two years because of Vietnam requirements.

Stationing the Bureau of Budget between the Pentagon and Congress is
the closest thing to a response the White House has made to Capitol Hill
criticism of the military. And the name to remember at the Budget
Bureau as a growing influence on defense spending priorities is James
R. Schlesinger, former Rand Corp. staffer, critic of a number of procure-
ment policies, and now assistant director for military and international
programs.

Schlesinger is touted as an advocate of increased competition at the
prototype level as a means of giving the Government the most options—
a view now also espoused by Defense research & engineering chief
John S. Foster Jr.—plus licensing of production technology as a precondi-
tion for R&D contracts to preclude a developer from having a competitive
edge in production award competition.

NASA will turn over its applications technology satellites 1 and 2 for
satellite broadcasting demonstration experiments by the end of the year,
but the big question is to whom. Thus far, three proposals have been
made, but NASA expects to receive a few more before making a decision.

In its proposal, the Communications Satellite Corp. has offered to work
with NASA and any potential ATS experimenters to provide a demon-
stration of domestic satellite services, Comsat is offering its ground sta-
tions, satellite expertise and, if needed, room on its Intelsat satellites.

The American Broadcasting Co. and Hughes have teamed up on a
proposal to offer a demonstration of live tv news and public affairs broad-
casting to Alaska. ABC would provide programing with Hughes offering
to put a terminal in Alaska on a temporary basis.

The Corporation for Public Broadcasting, heading a consortium of
educational tv interests, for its part, has proposed both educational radio
and tv schemes employing ATS. Part of the tv proposal, entitled “The
Satellite Cities Demonstration,” would use the satellites to show how
information on urban problems could get wide exposure.

The Navy Strategic Systems Project office has quietly made a $1.6 million
award to MIT’s Instrumentation Laboratory for additional work on the
Polaris missile’s guidance system. In view of MIT’s self-imposed embargo
on new classified research—in force until the college decides what, if
anything, to do with its two big defense laboratories—the Navy points
out that “this is not a new contract, but a modification of an existing one.”
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DC AMPERES

B SORENSEN
MODEL
QRC40-4A

VOLT ADJ. CUR. ADJ.

The QRC Series solves the specification/power/volume™ ;. = 0.01% resolution = 25, sec. response time = optional
problem by utilizing all silicon, series regulator tech- -=-igvervoltage protection = voltage and current regulation
niques with modern high speed transistor switching' * with automatic crossover = remote programming and re-

circuitry. mote sensing = —20 to +71°C operating temperature.
7 models, all available from stock, cover the voltage For more information contact your local Sorensen

ranges of 0-20 and 0-40 Vdc at currents up representative or; Raytheon Company, Soren-
to 30 amperes with prices starting at $350 sen Operation, Richards Avenue, Nor-

for model QRC 40-4A. walk, Connecticut 06856.

Features include: = +0.005% voltage reg- Tel.: 203-838-6571;
| TWX:710-468-2940; @
| TELEX: 96-5953.

ulation for line and load changes com-
Circle 200 on Inquiry Card

bined = <1mV r.m.s. ripple (10Hz-7MHz)



MARK DF EXCELLENCE

Now, ready for you in quantity.

The new Delco Radio DTS-701 and
702 NPN triple-diffused silicon high volt-
age transistors. They were designed for

For the tough jobs—high inductive
load switching or for circuits subject to
transients or fault conditions.

the tough requirements of off-line de-
flection in large screen TV.

However, they’re built and tested
for extra reliability in all high energy
circuits. Proved by the surest peak en-
ergy capability rating in the business:
Pulse Energy Testing.

And right now, they're available in
both production and sample quantities.

Why will you want to use the Delco

For reduction of weight, size and
component costs. Circuit complexity and
number of components are reduced, so
assembly costs go down, too. And fewer
components mean higher reliability.

So now you know. The pioneer in high
voltage silicon power has done it again.

For prices, samples orcomplete data,
just call us or the nearest Delco Radio
distributor listed below.

701 or 702?

SEMICONDUCTOR DISTRIBUTORS: EAST—BALTIMORE, MD. 21201, Radio Electric Service Co., 5 North Howard St., (301)-539-3835 BINGHAM-
TON, N.Y. 13902, Federal Electronics, Inc., P. 0. Box 1208, (607)-748-8211 CLIFTON, N.J. 07015, Eastern Radio Corporation, 312 Clifton Avenue, (201)-471-6600
NEWTON, MASS. 02195, The Greene Shaw Co., Inc., 341-347 Watertown St., (617)-969-8900 NEW YORK, NEW YORK 10036, Harvey Radio Co., Inc., 2 West 45th St.,
(212)-582-2590 PHILADELPHIA, PENN. 19114, Almo Electronics, Division of Sterling Electronics, Roosevelt Blvd. at Blue Grass Rd., Northeast Industrial Park,
(215)-676-6000 PITTSBURGH, PENN. 15328, RPC Electronics, 620 Alpha Drive, RIDC Park, (412)-782-3770 WOODBURY, L.I., N.Y. 11797, Harvey Radio Company,
Inc., 60 Crossways Park West, (516)-921-8700 SOUTH—BIRMINGHAM, ALA. 35233, Forbes Distributing Company, Inc., 1416 Fourth Ave., South, (205)-251-4104
MIAMI, FLORIDA 33142, Mountain Electronics, Division of Mountain National Co., 3730 Northwest 36th St., (305)-634-4556 RICHMOND, VA. 23220, Meridian
Electronics, Inc., 1001 West Broad Street, (703)-353-6648 WEST PALM BEACH, FLA. 33402, Mountain Electronics, Division of Mountain National Co., 1000 N. Dixie
Highway, (305)-833-5701 MIDWEST—CINCINNATI, OHIO 45237, United Radio, Inc., 7713 Reinhold Drive, (513)-761-4030 CLEVELAND, OHIO 44125, The W. M.
Pattison Supply Co., Industrial Electronics Division, 4550 Willow Parkway, (216)-411-3000 DAYTON, OHIO 45414, F-J-R Ohio, Inc., 5212 North Dixie Dr., (513)-
278-9411 INDIANAPOLIS, IND. 46204, Graham Electronics Supply, Inc., 133 S. Pennsylvania St., (317)-634-8486 KALAMAZ0O, MICH. 49005, Electronic Supply
Corp., P.0. Box 831, (616)-381-4626 KANSAS CITY, MO. 64111, Walters Radio Supply, Inc., 3635 Main Street, (816)-531-7015 MINNEAPOLIS, MINNESOTA 55401,
Stark Electronics Supply Co., 112 3rd Ave., North, (612)-332-1325 ROSEMONT, ILL. 60018, F-J-R/Midwest, Inc., 9340 William St., (312)-678-8560 SKOKIE, ILL.
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1200V -3.0A
800V -0.5A

DTS-701 Kokomoan’s Regional Headquarters
- Union, New Jersey* 07083 Kokomo, Ind. 46901
Collector to emitter voltage (Veeo) . ............. 800V Box 1018 Chestnut Station 700 E. Firmin '
Sustainin volta e (V ) 600\/ min (201) 687-3770 (317) 459-2175 Home Office

. g g€ (VCEO (SUS)). ..o vvnene . Chicago, Illinois* 60656  *Office includes field lab
Emitter to base voltage (VEBO) .................. 5V 5151 N. Harlem Avenue and resident engineer
Collector current (le). . .....coovvnivniniin..... 500mA (312) 775-5411 for application assistance.
Base correat (It BVl R o 100mA S Non S o
Power dissipationi(Py)ome e i 25W (213) 870-8807

Detroit, Michigan 48202
S o e A

Collector to emitter voltage (Veex).............. 1200V 3
Collector to emitter voltage (Veeo).............. 1000V
Sustaining voltage (Vceo (sus)). ... ........... 750V min.

Emitter to base voltage (Vego)

,,,,,,,,,,,,,,,,, 5V THE KOKOMOANS \ ARE IN POWER
Collector current (Ic)
Base current (Ig)

.......................... 3A
e i’ DELCO RADIO
1SSIpaiON (R I b A W
Power dissifebion (e =% DIVISION OF GENERAL MOTORS
Available in solid copper. JEDEC TO-3 package. KOKOMO, INDIANA

60076, Merquip Electronics, Inc., 7701 N. Austin Ave., (312)-282-5400 ST. LOUIS, MISSOURI 63144, Electronic Components for Industry Co., 2605 South Hanley
Road, (314)-647-5505 WEST—ALBUQUERQUE, N.M. 87108, Hyer Electronics Company, 130 Alvarado Drive, N.E., (505)-265-5767; 87106, Sterling Electronics Inc.,
1712 Lomas Blvd., N.E., (505)-247-2486 COLORADO SPRINGS, COLO. 80902, L. B. Walker Radio Company, 9 E. Vermijo St., (303)-636-1661 DALLAS, TEXAS
75201, Adleta Electronics Company, 1907 McKinney Ave., (214)-742-8257 DENVER, COLO. 80219, L. B. Walker Radio Company, 300 Bryant Street, (303)-935-2406
ENGLEWOOD, COLORADO 80110, Hyer Electronics Company, 8101 E. Prentice Ave., (303)-771-5285 FORT WORTH, TEXAS 76102, Adleta Electronics Co., S. Express-
way at E. Vickery, (817)-336-7446 HOUSTON, TEXAS 77001, Harrison Equipment Co., Inc., 1422 San Jacinto Street, (713)-224-9131 LOS ANGELES, CAL. 90015,
Radio Products Sales, Inc., 1501 South Hill Street, (213)-748-1271 LOS ANGELES, CAL. 90022, Kierulff Electronics, Inc., 2585 Commerce Way, (213)-685-5511
OKLAHOMA CITY, OKLAHOMA 73102, Radio, Inc., 903 North Hudson, (405)-235-1551 PALO ALTO, CAL. 94303, Kierulff Electronics, Inc., 3969 East Bayshore Road,
(415)-968-6292 PHOENIX, ARIZ. 85005, Sterling Electronics, Inc., 1930 North 22nd Ave., (602)-258-4531 SALT LAKE CITY, UTAH 84115, Hyer Electronics Com-
pany, 1425 South 2nd West, (801)-487-3681 SAN DIEGO, CAL. 92101, Milo of California, Inc., 2060 India Street, Box 2710, (714)-232-8951 SEATTLE, WASH. 98108,
Kierulff Electronics, Inc., 5940 6th Ave., South, (206)-763-1550 TACOMA, WASH. 98402, C & G Electronics Co., 2502 Jefferson Ave., (206)-272-3181 TULSA, OKLA.
74119, Radio, Inc., 1000 South Main Street, (918)-587-9124 CANADA—SCARBOROUGH, ONTARIO, Lake Engineering Co., Ltd., 123 Manville Rd., (416)-751-5980
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. Using spot ties for
wire harnessing?

HERE IS THE

GUDEBROD
SYSTEM “S”

—SPEEDS THE WORK—SAVES MONEY, 100!

GUDE-TIES CUT LENGTHS —Specifically produced for spot
knotting these handy cut lengths of Gudebrod Flat Braided
Lacing Tape are dispenser packaged for one hand, speedy with-
drawal. Available in 6", 8”, 10", 12", 15", 18", 20" and 22"
lengths (other lengths on order). Meet or exceed MIL-T Specs,
no-slip knots hold firmly without cutting insulation.

GUDE-SNIPS —These palm-of-the-hand snips cut cleanly,
easily. For right or left hand use, spring action, DuPont Teflon
bearing. Allow operator to have free use of fingers without con-
stant reaching for knife or shears. Save motion, save time.

GUDEBROD SWIVEL-TILT HARNESS BOARD MOUNT—
Balanced, two dimensional action brings every section of the
harness within easy reach. No stretching, no straining. Knots are
tied in an easy, natural position. Cuts fatigue—speeds work.

Here you have the Gudebrod System “S’’ for spot tie lacing,
based on the high quality, high speed Gudebrod Lacing Tape—
if you’re interested in saving money while speeding the harness
work, get in touch with us. (For continuous tying, ask about
System “C”.)

Available also in other types
of Gudebrod Lacing Tapes

Gudebrod Swivel-Tilt Harness

UDEBROD
Board Mounts available

//_Z z ; : : S = in several sizes
- - ( - - I o 5 T
- /

o

GUDEBROD BROS. SILK CO., INC. Founded 1870, 12 South 12th Street, Philadelphia, Pa. 19107
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161 = Burndy has found a way to on the springs at point of Burndy also makes a full line of
This is 'nof O +ypo boost the reliability of contact. Applied by Burndy's PSE printed circuit connectors
ngpthOl error. ultraminiature connectors special "'cladding' method, with springs gold plated to

' $ .050" contact spacin it makes possible a pore-free .000030 minimum for less
Burndy S new pr|n+ed (wifhouf unduly iscreo?i)ng diffusionvF;roof surfzfce, critical applications. Samples
circuit recepfccle the price. unequalled for corrosion of both are available for

. resistance. Formed of gold comparison tests.
springs are clad to Specially developed for a flashed beryllium copper wire, Just write:
. : : major computer manu- the clad spring provides a
this thickness at pomf facturer, the unusually thick connection with unusually L2 BURNDY
O‘F contact. gold coating is concentrated stable contact resistance. 4 NORWALK, CONNECTICUT

INTERNATIONAL SALES HEADQUARTERS AND MANUFACTURING FACILITIES: " 3
CANADA: Scarboro, Ontario / ENGLAND: St. Helens, Lancs. / BELGIUM: Mechelen / MEXICO: Naucalpan de Juarez / BRAZIL: Sao Paulo / JAPAN: Tokyo / Sales Offices in Other Major Cities
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MOS1024-bit read-only memory
— 4-week delivery!

We'll write your bit pattern into our pM1024 memory, fast
and accurately, through the aid of our computerized pro-
grams. Send us your pattern of 128 eight-bit words or 256
four-bit words and we’ll deliver product in four to six
weeks. The built-in chip select feature allows you to stack
chips for any desired bit capacity.

The pM1024 chip contains address decoding, memory
storage, and output buffers. High-speed output drive
bipolar or MOS logic directly.

This high-speed MOS memory has a world of applications:

o lookup tables
e character generators
e microprogrammed computer instructions

the NOW people in MOS

76 Circle 76 on reader service card

e synced 8-signal waveform generators
e code converters
« and many others. Just turn your imagination loose.

The pM1024 is the highest speed, lowest power dissipa-
tion MOS memory available in production quantities today

—at unit price competitive with any memory product on
the market.

Want samples to check out circuitry? We can ship the
pM1024 sine lookup table off the shelf.

Get complete facts now, from MOS Marketing, Microelec-
tronics Div., Philco-Ford Corporation, Blue Bell, Pa. 19422.

PHILCO
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Unretouched enlarged photo of IRRAVIN
and PVC wire wrapped around tip of sold-
ering gun. Note how IRRAVIN insulation
remains stable, PVC melts and deforms.

IRRAVIN

Hot problem...cool solution.

IRRAVIN insulation won’t melt, flow or shrink back.

This photo was made to demonstrate
the solder iron resistance of IRRAVIN
insulated hook-up wire, compared with
ordinary PVC insulated hook-up wire.
It's proof that low-cost IRRAVIN wire
suits applications where heat, even di-
rect hot solder iron contact, is encoun-
tered. IRRAVIN insulation won’t shrink
back, or deform. It stays in place to
maintain insulation integrity.

IRRAVIN wire can be soldered in
snug spaces, even when terminals are

Have a good application?
Enter our Pot-O-Gold Contest.

Write for your entry form today.

closely set. This, in addition to a small
0.D., means space-savings, reduced
rework and production time, less scrap.

To get the same product advantages
of IRRAVIN wire you would have to spe-
cify wire that costs a lot more, two to
three times more in fact! With IRRAVIN
wire you not only save on time, space
and waste. . . . you save on the initial
cost too!

Don’t just take our word for it. See
for yourself with a sample.

WIRE AND CABLE ITT

It's yours FREE! Write ITT Wire and
Cable Division, Surprenant Products,
International Telephone and Telegraph
Corporation, Pawtucket, Rhode Island
02862. In Europe: ITT Europe-Compo-
nents Group, Lister Road, Basingstoke,
Hants, England.

mnaum—the wire

that stops the grumbles.
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The Choice is TTL.
From TI...the leader in TTL.

83 MSI and SSI functions...plus
40% more this year.
3 compatible speeds for
optimum designs.

Why so many choices from TI TTL?
To allow you to build your system
to your specifications, not your
supplier’s.

You can get the best combination
of compatible speeds to do the job
—and the widest choice of func-
tions within these speeds.

Use Series 54H/74H circuits in
speed-critical sections of your sys-

tems. You get the benefits of the
highest speed available in satu-
rated logic.

In most systems areas, Standard
Series 54/74 circuits offer the best
speed/power ratio. And the com-
plexity of MSI circuits provides
substantial system cost and size
reductions.

Then, where power dissipation is
more critical than speed, use Series
54L/74L. It is twice as fast as other
low-power circuits, and power con-
sumption is only 1 mw per gate.

Low-power circuits greatly sim-
plify power dissipation problems,
and reliability problems associated
with heat. In addition, they often
help lower system cost by reducing
cost of power supplies and cooling
systems.

By using TI Series 54/74 TTL
you can design by o
choice—a choice of 3
compatible speeds and
83 TTL functions.

TEXAS INSTRUMENTS

78
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dest line of TTL integrated circuits.

TEXAS INSTRUMENTS

INCORPORATED



TI Series 54/74...industry’s broadest

Series 54H/74H high speed circuits




TI Series 54/74...industry’s broa

Series 54/74




'line of TTL integrated circuits.

Series 54L/74L low power circuits

New TTL Design Aid. We’ve just published a
new 80-page color brochure that gives valuable
data—including design information—on all
Series 54/74 ICs. It’s yours for the asking. Circle
1990n the Reader Service card for your copy...

or write Texas Instruments Incorporated, P.O.
Box 5012, M..S. 308, Dallas, Texas 75222.

TEXAS INSTRUMENTS

INCORPORATED




The Trend is TTL.
T1 1s the leader in TTL.
In breadth of line. In technology.
In production capacity:.

In availability.
Look first to T1.

In addition to 83 different circuits,
three speed ranges, and a broad
selection of MSI circuits, Series
54/74 TTL from TI is offered in
three package types.

TI's plastic dual-in-line pack-
ages are low in cost, yet rugged.
And they are backed by millions
of hours of reliability data. Series
54 plastic performance over the
full temperature range (—55°C to
+125°C) is proven by customer
usage in temperature critical
systems.

Ceramic dual-in-line packages
from TI provide all the benefits of

hermetic packages in a design
suited to automatic insertion and
soldering. Ceramic packages are
ideal for severe environments
where applications require vali-
dation of hermeticity.

TI’s flatpacks —best for space-
critical applications —are backed
by ten years service in all types of
military, space, and commercial
systems.

When you design with Series
54/74, you have a lot in your favor.
A broad range of MSI circuits...
three compatible speeds...three
package types. Also, good availa-

bility, and second-sources for most
circuits.

The widest choice. The dominant
trend. Series 54/74 TTL from Texas
Instruments.

New TTL design aid

A new 80-page color brochure
gives valuable data —including de-
sign information—on all TI series
54/74 1C’s. Circle 199 on the Reader
Service card for your copy...or

write Texas Instruments o
Incorporated, P.O. Box [7
5012, MS 308, Dallas,

Texas 75222.

TEXAS INSTRUMENTS
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UNION CARBIDE
CUSTOM MOS TECHNOLOGY

The revolution continues in San Diego...
where great custom MOS technology breeds great custom products.

GREAT TECHNOLOGY CAPABILITIES. A P-Channel LOW
THRESHOLD process which allows your system to INTER-
FACE DIRECTLY with BIPOLAR LOGIC, both at the input and
output, is readily available for custom work. Because of Union
Carbide’s proprietary process LOW THRESHOLD (typically
—1.5V) and a field inversion of —30V can be produced on a
< 100> crystal structure. Our SRD25 (UC7330) shift register
is an excellent example of our LOW THRESHOLD process
capability. This is part of the revolution in San Diego.

etary process offers you system advantages such as full
BIPOLAR COMPATABILITY, positive voltage supplies, and
N-Channel mobility for increased speed and performance. We
have a monolithic BCD to decimal decoder that directly drives
Nixie tubes which we can demonstrate for you.

GREAT MASKING TECHNOLOGY COMPLEMENTS CUSTOM
TECHNOLOGY. Union Carbide offers the finest and tightest
in-house masking capability available. Our new mask re-
peater, a Mann 1480 AF, can step a .3"x.3" chip.

The <111> P-Channel HIGH THRESHOLD (typically —4.5V)
process, which is the industry standard, is also available from
Union Carbide. Our new LSI ROM1K (UC6500) 1024 bit static
Read Only Memory is available to demonstrate this process
technology using our state-of-the-art design.

COME TO WHERE THE MOS CUSTOM REVOLUTION IS —
COME TO SAN DIEGO WHERE THE ACTION IS. While you are
visiting beautiful San Diego, let Union Carbide put its know-
how to work integrating your system or circuit. Or if you still
want action, but can’t visit San Diego, we’ll bring it to your
doorstep. Just pick up the phone, and call your local sales
representative listed below.

Also available is our state-of-the-art N-Channel enhancement,
LOW THRESHOLD technology. This Union Carbide propri-

ELECTRONICS DIVISION
SEMICONDUCTOR DEPARTMENT

UNION

CARBIDE

P.O. Box 23017, 8888 Balboa Avenue, San Diego, California 92123 - Tel: (714) 279-4500/TWX: 910-335-1211 THE DISCOVERY COMPANY

Union Carbide’s Electronics Division is a total supplier to the industrial community through its Semiconductor
Department, Components Department, Crystal Products Department, KORAD Department and Instrument Department.

UNION CARBIDE SEMICONDUCTOR SALES OFFICES

CALIFORNIA, Mountain View 94040, 2680 Bayshore Frontage Rd., (415) 969-9390 « CALIFORNIA, Inglewood 90301, 5115 W. Century Blvd.,
(213) 677-6194 « FLORIDA, Winter Park 32789, P.O. Box 186 (305) 645-3311 « ILLINOIS, Chicago 60601, 120 South Riverside Plaza, (312)
822-7024 « NEW JERSEY, Willingsboro 08046, 1 Shawmont Lane (609) 871-3920 « NEW YORK, Jericho 11753, 333 N. Broadway, (516) 433-8441
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UNEXCELLED
QUALITY

You can rely on 150 General
General Electric's panel meters and Electric distributors, 25 mod-
meter relays answer the call for ification centers, and fac-
faultless performance and high tory stock of more than
reliability. The quality reputation 30,000 instruments to as-

of your product is sure to be en- sure you of prompt and,
hanced by using quality engineered in many cases, same-day
instruments from General Electric. delivery service.

FULL LINE OF
PRODUCTS

5)( MODIFICATION
SERVICE.

SPECIAL
APPLICATION
ASSISTANCE

General
Electric offers
you a wide choice
of ratings, sizes,
and mechanisms for
The Big Look® and
Horizon Line® panel
meters and meter re-
lays, not to mention
time meters, edgewise panel

meters, meter shunts,

and low-voltage current transformers.

General Elec-
tric’'s trained dis-
tributor personnel
and your local GE
sales engineers
are always availa-
ble for any spe-
cial application as-
sistance you may require.
And, if that's not enough,
our factory product spe-
cialists are on ‘“ready re-
serve.”

Available
throughout the
country, General
Electric’'s modifica-
tion shops are capa-
ble of providing regu-
lar and emergency ser-
vice on specials, proto-
types, and standard ratings
of panel meters and meter
relays to match your re-
quirements.

SPEEDY
ORDER
FOLLOWING

General Electric stands ready to gain your instrument
business with a total value package: quality you can
depend on, fast delivery, a full line, local sales repre-
sentatives, speedy order-following and most important,
a progressive “can do” attitude. Our Sales and Service
Army is ready. Just give the order. Contact your GE
Electronic Components Sales Office or your depend-
able General Electric panel meter distributor. 59237

GENERAL @3 ELECTRIC

General Electric's factory
communication center
provides your local
sales office with one-call
service regarding the
availability, status, and
shipment of your order.

© King Features Syndicate



PIGI
GEORGIA TEGH'S
BRAIN.

FREE.

®
®
®
°

The Georgia Institute of Technology, in cooperation with the Georgia
Department of Industry & Trade, has just completed an invaluable
study entitled “Electronics Potentials in Georgia.”

And it’s yours free. This comprehensive book will tell

you just about everything you need to know about : S
Georgia’s position within the Southeastern electronic |
materials market. It's loaded with graphs, charts,
facts and figures about raw materials, transportation,
power, training capabilities and labor supplies. So if
you're looking for information about additional ] !
profits, pick the expert’s brain. ] electronics

|
|

Please send me your free book, “Electronics Pﬂtentlals

Potentials in Georgia.” ill Ge()l' .
gia

Name iy

Title

Street

City State Zip

Mail this coupon to:

Lt. Gen. Louis W. Truman, U.S.A. (Ret.),

P.O. Box 38097, Atlanta, Georgia 30334
EM 1
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TTL solutions

to complex problems

For simplified, “low package-count” digital system design, these 15 new Motorola
TTL complex functions offer improved circuit performance, lower system costs and
are ideal for interfamily (MDTL, TTL) compatibility.

MC4004F, P

MC4005F, P

MC4006F, P

MC4007P

MC4008L

MC4010L

MC4012L

MC5493L/

MC7493L

MC15482L/

MC17482L

MC25482L/

MC27482L

MC4038P

MC4039P

MC4040P

MC4041P

MC7475P

16-BIT SCRATCH PAD MEMORY CELL — a basic building block for
100 ns scratchpad memory systems.

16-BIT SCRATCH PAD MEMORY CELL — provides 16 words of one-
bit memory operating in the NDRO mode.

BINARY TO ONE-OF-EIGHT LINE DECODER — a 3-input/8-output
decoder. Inhibit capability provided by the enable line and allows
decoder to be expanded for larger systems.

DUAL BINARY TO ONE-OF-FOUR LINE DECODER — a dual 2-input/
4-output decoder consisting of high and low-level gates internally con-
nected for minimum power consumption, maximum driving capabilities.
8-BIT PARITY TREE — consists of eight 2-input Exclusive NOR gates
connected to form an 8-bit Parity Checker/Generator and an extra
2-input gate for expansion capability.

DUAL 4-BIT PARITY TREE — three Exclusive NOR gates are con-
nected together to form each of two 4-bit parity trees in one package.
4-BIT SHIFT REGISTER — can be operated in the parallel or serial
mode, determined by the logic state of the mode control input.
4-BIT BINARY COUNTER — consists of two sections: a simple flip-
flop and a divide-by-eight counter. Can be used independently or
connected to provide the divide-by-16 function.

2-BIT FULL ADDER — each bit performs the logical addition of two
binary numbers. The sum outputs, the carry output for the second bit,
and Exclusive OR outputs for each bit are available. Look-ahead carry
is provided internally.

2-BIT FULL ADDER — Exclusive OR outputs can be used for look-
ahead carry when adding more than two bits.
INVERTING/NON-INVERTING ONE-OF-EIGHT DECODER — has a 3-
bit binary address with inversion control which selects the desired
word for the 8-bit output.

SEVEN SEGMENT CHARACTER GENERATOR — can directly operate
low-voltage lamp indicators, enable inputs can be used for automatic
blanking.

BINARY TO TWO-OF-EIGHT DECODER — has two enable inputs,
transforms any 4-bit binary number to a 2-of-8-bit coded number, or
can be used as a dual binary to 1-of-4 decoder.

SINGLE-ERROR HAMMING CODE DETECTOR AND GENERATOR —a
programmed 128-bit ROM for a variety of error detection and cor-
rection applications.

QUAD LATCH — consists of four bistable latch circuits in one package.
Both Q and Q outputs are available on all four devices.

Interested? For detailed specifications on these MTTL complex functions
circle the reader service number below or write us at Box 20912, Phoenix,
Arizona 85036. We'll also include two newly available application notes

on MTTL

in system applications. For immediate evaluation units call

your local franchised Motorola distributor.

F suffix = TO-86 ceramic flat pack, P = TO-116 dual-in-line plastic, L = T0O-116 dual-in-line

ceramic.

~whene the priceloss ingrediont i cane! @ MOTOROLA Integrated Circuits

MOTOROLA SEMICONDUCTOR PRODUCTS INC., P. O. BOX 20912, PHOENIX, ARIZONA 85036
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The phenomenal ferrite bead:

to noise and filter problems.

Ceramag”® ferrite beads offer
a simple, inexpensive, yet
effective means of obtaining
RF decoupling, shielding, and
parasitic suppression without
sacrificing low frequency
power or signal level.

Unlike conventional RF
chokes, beads are compact,
have no DC losses, and will not
couple to stray capacity and
introduce detuning or spur-
ious oscillations. Ceramag”
beads offer an impedance
which varies from quite low at
low frequencies to quite high
at noise frequencies. Beads
need not be grounded; how-
ever, chassis contact is per-
missible when desired, as
beads possess sufficiently
high resistivity to preclude
grounding.

Installation of Stackpole

beads is easy. Simply slip one
(or several) over appropriate
conductor(s) for the desired
noise suppression or high fre-
quency isolation. Beads are
available in sleeve form in a
range of sizes starting at .025
ID, .060 OD, and .400 long. For
special compact filtering ap-
plications such as cable con-
nectors, beads can be supplied
to tight mechanical tolerances.
Several ferrite grades pro-
vide a variety of attenuation
characteristics. Inductance
tolerance is normally == 30%
as measured on an LC meter.
The performance of a Ceramag®
7D bead as a parasitic suppres-
sor is shown in Figure 1.
Other applications might in-
clude: decoupling in “B” cir-
cuitry; noise suppression; RF
isolation in filament circuits;

i

Stackpole’s simple solution -

o

- &

use in combination with ca-
pacitors to form “L" networks.

\V STACKPOLE CARBON CO.
% CERAMAG 7D FILTER BEAD
\ AL 8 AR vs FREQUENCY
CODE 57-0180
00.20/36" 10.50047" THK.= 0.118"
0. ON I"PECE OF # 20 BARE COPPER WIRE
A A
[ —
{—
111 30)
LA I
o -
St A ARa_ 20
N
L oS
2
>
N 10
™
f i MEoACYLES —
[ =
00 30 £ 190 200

Sample quantities of
Ceramag” beads and beads
with leads are available with-
out charge upon request.
Send your requirements to
Stackpole Carbon Company,
Electronic Components Divi-
sion, St. Marys, Pennsylvania
15857. Phone: 814-781-8521.
TWX: 510-693-4511.

- STACKPOLE

ELECTRONIC COMPONENTS DIVISION

®

Now qvailable...L‘eramay”beads withleads

) A
/4 ¥ 7"\\
/ 7
L
\l >)

)

\
//'/
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W._ Additional savings in production time and labor costs are
now possible by utilizing automatic insertion equipment to
install Ceramag® ferrite beads in printed circuit boards.
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When RCA quietly calls

its RF power transistors: ‘reliable,”

RCA means “highly reliable.”

Read why.

£

f'\ ﬂA
(\
~ §\>

)

The reliability of RCA RF Power Transistors is designed-in,
built-in and finally proved-in.

Evaluation criteria of every RCA RF Power Transistor are
determined initially by design engineering—and are used dur-
ing the analysis of first yields of prototypes. Procedures in-
clude tests to destruction, examination of failure mechanisms,
checking the expectability of results, and extensive life tests
under various rigorous conditions—all aimed at the final deter-
mination that every aspect of the new design is “go” for
volume production.

In the second stage of assuring reliability, RCA follows a
program of dual factory-process control: in-line testing at
every major point of manufacturing, plus continuous quality
audits on samples. The program consists of life tests, data
analysis and failure analysis. Results are fed back to every
technical group concerned with each product’'s evolution—
from design through applications engineering.

The final stage, the proving-in of RCA reliability, is high to
ultra-high screening. This follows four reliability levels: two
meeting MIL-STD requirements and two meeting even more
exacting criteria set by RCA—many of which precede the issu-
ance of the military specs. Note the following chart of high-
reliability RCA RF Power Transistors—all immediately available.

Electronics | June 23, 1969
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RCA RF Power Transistors—High-Reliability Types

High-

Premium High-

Parent Jan Type Or  Jan TX Type Reliability Reliability
Type Eq Or Equival Type Type

2N3553 JAN JAN TX

2N3553 2N3553 40305 40605
2N4440 JAN JAN TX

2N4440 2N4440 - -
2N3632 - - 40307 40606
2N3375 JAN JAN TX.

2N3375 2N3375 40306 40279
2N3118 JAN

2N1493 - - 40577
2N3866 TA7090* TA7327* - 40578
2N5016 TA7091* TA7359* - 40607

2N5071

*Developmental number; military specification pending

TA7360*

TA7358*

For detailed information on any of these RCA high-reliabil-
ity RF Power Transistors, see your local RCA Representa-
tive or your RCA Distributor. For technical data, write: RCA
Electronic Components, Commercial Engineering, Section
PN6-3, Harrison, N.J. 07029.
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Number 6 of a Series

Tips on cooling off
hot semiconductors

See how other circuit designers use IERC heat sinks/dissipators to hold
junction temperatures below rated maximums, improve circuit performance and reliability

]

Iy ] [] A : . £ ®

Al T P~ L WY e
RO97’s, RO97A’s, X20's (D-Style) and other lead
mounted, low power “plastic” transistors can be
operated at up to 65 % more power with IERC dissi-
pators. They cost only pennies, provide excellent re-
tention in severe environments, reduce failures from
solder heat during assembly. 5 different styles; both
single and dual models.

For low capacitance between transistor and
chassis, use IERC Thermal Links with BeO
washers. BeO has the thermal conductivity
of aluminum, yet cuts capacitance up to
2/3rds. Excellent dissipators and retainers.
Each size fits a complete JEDEC case diam-
eter range for TOS5’s and TO18’s. Dual and
quad models also.

Is yours a special heat problem? Talk to the

thermal specialists at IERC. They have the

problem solving experience to come up with
N a practical, low cost solution.

Replace elaborate forced air cooling systems for power TO3's, TO66's, TO15's and other ni g Free 4-page Short Form Catalog.

£

devices. JERC fluid cooled systems provide up to  case-mounted devices can be Complete ordering and pricing

1,000 watts of dissipation in less than 45 cu. in. operated with many times more information on the world’s
Parallel or series flow; open or closed loop systems. power when mounted in UP’s. 4 broadest line of heat sinks/dissi-
All standard mounting hole patterns; specials, too.  In still air, the staggered fingers | i @il pators and retainers for lead and
Lengths from 6” to 3’ standard. dissipate by radiation and con- —===== case mounted semiconductors.

vection. In forced air, turbulence
moves the air around each finger.
Efficient in any direction. Outper-
forms extrusions dramatically.

Heat Sinks/Dissipators IERC fe%i@

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION / A CORPORATE DIVISION OF DYNAMICS CORPORATION OF AMERICA /135 WEST MAGNOLIA AVENUE, BURBANK, CALIFORNIA 91502
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New 1.0 to 4.0 GHz RF Plug-in covers
entire range in one continuous sweep.

AIL Type 210 Sweep Oscillator is the
only one whose markers are always
1% of swept width. You get superior
performance and operating simplicity
over broad range of 0.25 to 40 GHz.
Main Frame price less cabinet: $1525.

AIRBORNE INSTRUMENTS LABORATORY

DIVISION OF CUTLER-HAMMER INC.|DEER PARK, LONG ISLAND, NEW YORK 11729

Electronics | June 23, 1969

Why switch bands and miss in-
formation at crossover points
when this new solid-state plug-
in gives you full two-octave
band coverage in one continu-
ous sweep—with over 30 mW
of leveled power?

Why buy different sweep
oscillators for various portions
of the microwave frequency
range when the Type 210 offers
a full selection of interchange-
able solid-state and BWO plug-
ins covering from 250 MHz to
40 GHz?

Why be satisfied with mark-
ers that "'blow out'' and be-
come useless on narrow sweeps
when we provide markers that
are always 1% of the swept
band?

All this and extra features as
well—two independent sweeps

fully interchangeable—15 cali-
brated symmetrical sweeps
about four separate CW fre-
quencies—PIN leveling from
250 MHz to 18 GHz.

Fact is, the Type 210 makes
other sweepers old fashioned.
Try it for yourself. Call our
"hot line'" to arrange a demon-
stration. Dial 516-595-3216 dur-
ing East Coast business hours.

-—
4

Micr H

Ins

SRy

Or write for our new catalog
covering AllL's full line of
Microwave Instruments.

AlL /
DIVISION
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hybrid circuits

from

Burroughs

Burroughs is your preferred source for hybrid circuits

Burroughs, a prime producer of high-volume, high-quality hybrid microcircuits, offers the
entire circuit package and its components at competitive prices. Circuits are now
available in various configurations with screened resistors and capacitors, as well

as discrete components including IC and MSI chips. Burroughs does the whole job,

and does it right—enabling you to reduce system size with increased reliability.

Every circuit is custom-designed and fabricated under the eyes of experts
in complete in-house semiconductor and hybrid operations—assuring
you economy, high reliability, quality control and on-schedule delivery.

Buy your hybrid microcircuits NOW from Burroughs, and discover
what Burroughs’ one-source circuitry capability can do for you.

We also offer hermetic packaging, computer testing, complete
environmental facilities. And we are fully documented to MIL Specs.
Call or write Burroughs Corporation, Electronic Components Division,
P.O. Box 1226, Dept. H1, Plainfield, New Jersey 07061.

Tel. (201) 757-5000, or contact your nearest Burroughs
representative or sales engineer.

1./ Semi-automatic dual latch hybrid test
unit for efficient, high-speed tests.

2./ High-speed resistor abrading process
assures 1% tolerances.
3./ Modern, contamination-free diffusion

operation, atmospherically controlled
for maximum quality assurance.

4./ Multifunctional computerized system
performs all forms of AC & DC tests.

Burroughs
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SESESERS. " The world now agrees on only one funda-
mental pulse-code modulation parameter—
signal sampling rate. But differences exist
for every other parameter for basic termi-
nals with the result that many pem sys-
f tems in service around the globe cannot
xchange messages. Engineers are increas-
ingly worried about this problem, and sev-
eral groups are hard at it, trying to come

. ' up with workable international compati-
blhty standards. Unfortunately, the schedule is tlght tele-
phone traffic among all nations is booming, and it’s probable
that a commercial pcm satellite will be up and operating by
1971. The photomontage on the cover that symbolizes the
difficulties involved was done by artist Jon Henry.

Despite a history of difficulties, MOS integrated circuits have
been judged as reliable as bipolar devices by a recent NASA
study. Certain failure mechanisms are, however, quite differ-
ent. For instance, the oxide layer in an MOS assembly is an
active part of the device, rather than a protective element.
As a result, oxide defects and imperfections play a significant
role in MOS reliability.

Manufacturers of differential amplifiers typically supply draw-
ings of a test circuit for measuring the common-mode rejec-
tion ratio. Rarely, however, do they specify how the ratio
varies with power-supply voltage, temperature, or other
parameters. Moreover, there’s seldom any explanation of how
the test circuit was designed, what its limitations might be,
and how large an error could result. One practical way to
sidestep the limitations of suppliers’ spec sheets is to use a
circuit that measures an amplifier’s common-mode gain; the
rejection ratio can then be calculated from this value.

Computer simulation is a key element in the systems approach
required to engineer satellite earth stations successfully. For
one thing, the designer must see to it that the projected
facility meshes smoothly with an international communica-
tions network; this involves complying with stringent signal-
to-noise ratio standards. For another, whatever the environ-
ment of the host country happens to be, the installation must
perform reliably at a reasonable cost.

Helical transmission
lines highlight
new oscilloscope

Electronics | June 23, 1969

Coming

A new 250-Mhz oscilloscope boasts a number of advances.
One is a unique cathode-ray tube in which the two vertical
deflection plates are helical transmission lines. Another is
production of the vertical amplifier’s active elements as mono-
lithic transistor arrays.
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Communications

PCM: A global scramble
for systems compatibility

Nation-to-nation differences in such characteristics as line rates and coding
could decrease the effectiveness of interconnected systems; but the imminence
of pcm satellites is impelling all parties to try and thrash out differences

By William Bucci

Associate editor

Pulse-code modulation, long the telephone compa-
nies’ wunderkind, is fast becoming an international
problem child. Engineers around the world are in-
creasingly worried about the inability of pem sys-
tems in one country to communicate directly with
those in another. What’s more, there’s not much
slack in the timetable for coming up with workable
standards for international compatibility. Tele-
phone traffic among all countries is booming, and
there’s every likelihood a commercial pem satellite
system will be operating by 1971.

Unfortunately, compatibility goals are more eas-
ily outlined than achieved. In spite of the concern
over international matchups, varying national inter-
ests lead to pem designs that primarily satisfy in-
ternal needs. At the moment, the world agrees on
only one fundamental pcm parameter—the signal
sampling rate. Every system built from now on
will sample analog voltages 8,000 times a second.

Differences exist on every other parameter of the
basic pcm terminals so that many systems in serv-
ice around the globe cannot exchange messages. To
change analog signals into digital form, European
countries, for example, follow a different coding
law than the U.S. and Japan. As things stand now,
the prospects for agreement have to be rated as
poor. Moreover, the English handle 24 voice chan-
nels on a single line as do the Americans and
Japanese, but the Europeans bundle 30 together.
And some countries code analog samples into seven
binary digits, others into eight.

The recent formation of a pecm study group by
the Consultative Committee for International Tele-
graph and Telephone (CCITT) is but the latest
evidence of the urgency surrounding the compati-
bility problem. An element of the International

94

Telecommunications Union (ITU)—the organization
mandated by the United Nations to recommend
worldwide communications standards—the CCITT
has been looking at pcm for several years. A small
pem working party, part of a transmission study
group, was set up six years ago, and in 1966 Richard
C. Boyd, a systems engineer at Bell Labs in Holm-
del, N.J., took over as chairman. Boyd now heads
the new study group that evolved as a result of
the present pcm turmoil; it will meet for the first
time this October at ITU headquarters in Geneva.

“Our big job is to get everybody together on all
the characteristics of basic pem systems,” says
Boyd. “But if they just agreed, as they do about the
sampling rate, on the fundamental characteristics
—the companding law, load capacity, and the
number of digits used for coding—our problem
would be a lot simpler. Next in priority are parame-
ters like the number of time slots and channels
per frame, line rate, framing and signaling, and
transmission codes. If we can’t agree on these latter
parameters, we could manipulate them in digital
interfaces to get world compatibility. Performance
wouldn’t suffer, and there’s no reason to think that
the cost of doing so would be prohibitive.”

As it happens, however, one of the fundamental
characteristics—the companding law—represents
the largest stumbling block. It’s implemented in the
pem compandor, which consists of a compressor
at the coding (transmitting) terminal and an ex-
pandor at the decoding (receiving) end. Most
commonly, the companding law applies to the com-
pressor, defining part of the transfer characteristic
of the input-output signal—from each sampled ana-
log voltage to its coded pulse word. The compres-
sor boosts higher voltage less than lower voltage
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Overseas pcm. ITT engineer tests encoder card in British 24-channel system
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Companding curve. At heart of incompatibility problem are three laws. The mu equals 255 is best at low signal
levels, while A law crosses over at high levels. The abscissa shows signal levels in decibels helow system clipping level
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Export. Pcm systems like this Marconi version are
sold by England to such countries as Ireland.

samples, thus “compressing” the voltage range
covered by the stronger signals. In AT&T’s D1 ter-
minals, part of the T1 system, the compressed sig-
nals then pass through a linear coder which meas-
ures each against a “quantized” scale of many,
uniformly distributed possible amplitudes. The
output, a coded sequence of binary digits, desig-
nates the division on the scale that’s closest to the
amplitude of each compressed sample.

Compressing and coding the samples in this way
is equivalent to chopping up smaller signals into
proportionally more quantizing steps than larger
signals. The noise or distortion inherent in this
process goes down as more, and thus smaller, quan-
tizing steps are used. Compression keeps noise
very low for soft-spoken messages but allows it
to increase for loud talkers where it is less notice-
able. Moreover, coding the lower voltage signals in
small steps suppresses weak interference, such as
crosstalk.

The amount of curvature in a companding char-
acteristic defines how higher voltage samples are
compressed. For its D1 compander, Bell settled on
one known as the mu (p) equals 100 law. The com-
panding characteristic is expressed by:

y = log(l + px)/log(1l + u)

where x and y are input and output signals respec-
tively; x is the instantaneous input voltage normal-
ized for the peak limited input voltage; y is the
number of the quantizing step corresponding to
the input voltage, divided by the total number of
steps, both starting from the center of the range;
and p is a constant, here 100, that specifies the de-
gree of curvature,
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Bell implemented the mu equals 100 law in its
D1 compandors with diodes, at the time of devel-
opment the least expensive and most reliable way
of doing so. A value of 100 was the highest prac-
tically achievable with the technology of the 1950s.

The British, from the first, pointed out the short-
comings of this law. For one thing, so far it’s only
been implemented inexpensively with diodes. For
another, it’s tough to make diode compandors uni-
form enough for the characteristics of the com-
pressor of one to match those of an expandor in
another. It’'s necessary to make matching adjust-
ments after a system has been installed. Thus, it
doesn’t look practical to use the D1 terminals for
digital switching systems because of the impossi-
bility of matching closely enough the characteris-
tics of all compandors in a switching network.

Furthermore, there’s no simple relationship in
mu equals 100 coders between compression and
expansion characteristics and the corresponding
quantizing steps. Therefore, it’s not possible to use
a linear code to digitize an analog sample, then
manipulate the word so that it corresponds to a
compressed quantizing scale. Yet the ability to do
so without converting back to analog is very desir-
able because, among other things, it means calls
can be conferenced on a line digitally.

Saving grace?

When British engineers began designing pcm
systems, they looked for a better companding law
that could be: implemented simply and in a variety
of ways with uniformity, and permit simple linear
to compressed code conversion.

Their solution is known as the A law and is

given by:
y = Ax/(1 + logA) if 0 = v = V/A
and y = (1 4 log[Ax])/(1 + logA)

HVIA=vy=YV

where x and y have the same meaning as in the
mu law; v is the instantaneous input voltage; V is
the maximum peak-limited input voltage; and A
is a constant, 87.6, defining degree of curvature.

Adopted in Europe, the A law is implemented in
pem coders by approximating its curve with 13
connected segments. It’s simple with this law to
associate quantizing steps with points on the seg-
ments. To do so, a linear coder changes a low-
voltage sample into a word that matches the appro-
priate one of a series of small uniform quantizing
steps. However, it handles a high-voltage signal
differently, skipping some of the small quantizing
steps. For example, a coded signal that matches,
say, the 40th step will pass unchanged through the
compressor. But a signal falling into the 39th or
41st will be transmitted with the same binary code
as the 40th. Progressively more steps are skipped at
higher voltages. The number is determined by the
segment on which the quantizing step falls.

Thus, the British and their Continental col-
leagues were able to omit Bell’s diode compandor
and, instead, use a linear encoder and the digital
equivalent of the compandor.
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Pcm and its payoffs

Pulse-code modulation systems transmit signals as
a coded stream of digits, rather than as a continu-
ous varying wave. Regularly spaced repeaters de-
termine whether a pulse is present in its time in-
terval and, if so, generate a new, clean pulse and
send it along the line. The change from analog to
pem involves sampling, quantizing, and coding.
Each analog signal is sampled at a rate at least
twice that of its highest frequency component, pro-
ducing a string of pulses whose amplitudes follow
that of the analog waveform. Then each pulse is
compared to a quantized scale and a coded string
of equal-amplitude pulses, matching a step in the
scale, is generated. In the case of Bell’s T1 terminal,
the scale distinguishes between any of 128 distinct
amplitude levels.

For that many amplitude levels, each pulse sam-
ple is represented by a 7-bit word. The first digit,
0 or 1, identifies the polarity of the sample; the
rest pinpoint its amplitude. Each 7-bit word is
time-division multiplexed with other 7-bit words, as
well as framing and synchronizing bits, then trans-
mitted to the first repeater and thence down the
line. At the receiving terminal, pulses are demulti-
plexed into words and then converted back to
analog form.

Plus factors. The advantages of pcm vis-a-vis fre-
quency-division multiplexed systems depend on the
application. Short-haul set-ups offer terminal cost
savings because carrier bandpass filters aren’t re-
quired and the modulation overhead can be shared
by all channels. As a matter of fact pem continues
to be the cheapest carrier system ror distances of
from 10 to 100 miles.

Over longer hauls, the economics are still attrac-
tive, but engineers tend to emphasize the perfor-
mance advantages. For example, many kinds of sig-
nals—speech, tv, and various kinds of data—can
easily be coded and time-division multiplexed with
pem systems. Thus television signals can be trans-
mitted together without intermodulation distortion.
Frequency-division equipment, however, can’t
handle multiplexed tv.

Then too, digital repeaters need not be ultra-
linear with extremely low harmonic distortion and
ultraflat amplitude response characteristics; they
have only to regenerate pulses—not amplify analog
signals. Long-distance frequency-division systems re-
quire thousands of expensive ultralinear repeaters.

Tradeoffs. In the case of atmospheric microwave
transmission, pcm uses up bandwidth but conserves
power. As a result, where microwave transmitters
cannot be separated by long distances from other
towers, pcm minimizes interference between sys-
tems transmitting at the ‘same frequency. Because
Japan’s area is limited, forcing microwave installa-
tions to operate cheek-by-jowel, it’'s been the first
—and so far the only country—to develop a pcm
microwave system. It also appears pem may be
the best way of getting signals through the atmos-
phere at millimeter wave frequencies. In theory,
such a system should be able to transmit hundreds
of megabits of information. Bell Laboratories ex-
pects to run field trials of atmospheric pecm systems
above 11 gigahertz within the next year or two.

With satellites the question is stickier since both
power and bandwidth are important. But pcm sys-
tems’ relative immunity to distortion, along with
their capacity for carrying a mixture of signals looks
attractive at this point.

But Bell claimed the A law compression curve
didn’t produce acceptable performance because its
slope wasn’t as sharp near the origin as the mu
equals 100 curve. This meant low-voltage signals
weren’t encoded in as small steps as with the mu
law. The mu equals 100 law offers, says Bell, a
2-decibel advantage over the A law for background
noise and crosstalk. On the grounds that its more
stringent transmission requirements demanded the
extra decibels, Bell stuck with the mu equals 100
law. In the meantime, other European countries
were following England’s lead while Japan went
the mu equals 100 route for their pcm systems.

Recently, the Conference of European Postal
and Telecommunications (CEPT) Administration
adopted the A law, in either 7-bit or 8-bit form, as
a standard. Among the more active CEPT countries
are England, France, West Germany, Italy, Swe-
den, the Netherlands, Belgium, and Switzerland.
Meanwhile, the Communications Satellite Corp.
(Comsat) has made things hotter for AT&T, one of
its board members, by proposing to the Interna-
tional Telecommunications Satellite Consortium
(Intelsat), of which it is acting manager, that the
A law be standard for the upcoming pem bird.
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The British Post Office contends that the A law
was meant from the outset to be an international
standard—one that could be implemented variously
by manufacturers in different countries. Foreign
officials consider the performance levels realizable
with the A law perfectly adequate for Europeans.

Second-strike capability

Bell, however, came out fighting for its per-
formance standards, as well as for international
compatibility, by proposing that all countries agree
on a new companding law. It then changed to this
law in its second-generation D2 terminal. With an
eye to such technological advances as large-scale
integration and op amps, Bell decided to go to a
mu equals 255 characteristic that could be approxi-
mated with 15 segments and matched simply to the
quantizing steps. As a result, both the D2 coder and
A law units derive the companded signals by omit-
ting quantizing steps from a linear code.

Europe took this development quietly in stride.
According to the British Post Office, a mu of 255
will be tough to specify and implement because it
requires very close hardware tolerances. Moreover,
Brian Edwards, who heads the digital systems de-
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partment at ITT’s Standard Telecommunications
Laboratories, Ltd, doubts Bell can economically
implement a mu of 255 in the 8-bit D2 encoder. In
the U.S. where a single outfit runs most of the
long-distance network, looser manufacturing tol-
erances may be tolerable because they can be com-
pensated for by the company, he says. But this
doesn’t hold true for Europe where there are many
manufacturers of pcm systems.

AT&T’s Boyd answers: “We agree that going to
a mu of 255 instead of 100 takes more than double
the precision involved in the smallest step and is
beyond the present state of the art. D2 probably
will achieve some of the improved noise perform-
ance that the law implies. And it won’t cost much
more than the earlier mu equals 100 D2 terminal.
But we're looking ahead to the next generation of
coders, with greatly improved precision and lower
costs.”

David Thomas, head of planning at STL, ques-
tions the need for this kind of precision in Europe.
“The superior performance might be important in
the U.S.,” he says. “But I'm not convinced we
really need such accurate reproduction at low
volumes in Europe.” And the British Post Office,
supported by such homebred suppliers as Marconi
and STL, believe that the A law is better for a Eu-
ropean network and that improvements promised
from the mu equals 255 law are immaterial and

TV signal. Siemens AG experimental set-up in Germany
transmits pcm visual signal, which is displayed on screen.
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probably not achievable in Europe.

But if the United States and Japan don't reach
an agreement with the Europeans, digital interfaces
will have to be used to match up the A and mu
laws. Reactions to this prospect vary. Comsat says
that the resultant signal degradation would be most
undesirable, if not unacceptable. Japan and Bell,
on the other hand, take the attitude that distortion
wouldn’t normally exceed allowable limits; the
Japanese feel where it did, voice signals could
always be decoded to analog. Likewise, STL’s Ed-
wards and Thomas aren’t convinced that interfac-
ing Mu and A law encoders with digital circuitry
will lead to unacceptable distortion levels. Bell
prefers such matching to decoding to analog.

Despite the difficulties to be overcome, Thomas
assesses the chances for agreement on an inter-
national standard for companding as good—at least
over the long term. “After all, only one group has
to abandon its present position,” he says. His col-
league, Edwards, isn’t as optimistic, anticipating
the world will divide into two camps eventually.
The consensus in Britain is that regional agree-
ments will be made as necessary among, for ex-
ample, the U.S. and Canada and the U.S. and Latin
American countries, as well as within Europe. The
BPO believes that if no definitive international
agreement is reached, decoding to audio may prove
the simplest solution.

i

e,

High capacity. At Yokosuka, Japanese adjust pcm
equipment for system that transmits 120 voice channels.
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Clean pulses. Japan’s 120-channel system transmits 7.876-mbs signal,
which is periodically regenerated in repeaters. Case can house 20 such devices.

Positions on the number of bits necessary to
code analog signals are less partisan than on the
compandor question, but they’re still diverse. And,
ironically, AT&T is faced with a lack of compati-
bility within its own plant. It now has hundreds of
thousands of pcm channels in operation—all of
which carry signals coded into seven bits. But
toward the end of this year, it will be introducing
its 8-bit D2 coders.

Bell admits internal compatability could pose a
problem. Hopefully, when digital switching arrives
it will be implemented first between long distance
intertoll offices with D2 coders. But if it’s eco-
nomical to install digital switching in an exchange
lower in the switching hierarchy, Bell could wind
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Stacking bits. Marconi
multiplexer forms
24-channel line signal.
Company says their
pcm system uses more
ICs than others.

up with a D1 coder in one office and a D2 in
another at the end of the link. Conversion cir-
cuitry offers a way out here but is an uninviting
prospect because of higher costs and the possi-
bility of degraded performance. Alternatively, a
new version of D1 could be brought out and imple-
mented with a compatible law.

Bell is going ahead with the 8-bit D2 coder on
the assumption digital switching won’t be a big
deal in the U.S. for a good long while. One sure
clue: At the moment it doesn’t even have such a
system in development, only under study. In the
meantime, Bell says it must offer high-quality pem
service on intertoll calls. Since such traffic nor-
mally would pass through several analog-digital
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Links in the pcm chain

The original pulse-code modulation system, Bell’s
T1, is only seven years old, but already the U.S.
and several other major countries are criss-crossed
by pem lines. And networks are growing at a good
clip—last year At&r and independent U.S. phone
companies put over 6,000 new 24-channel pcm sys-
tems into service, a 209, increase over 1967 installa-
tions. Western Electric, AT&T’s manufacturing arm,
now produces more pcm channels than analog. By
December, there will be close to 500,000 two-way
pem channels—over 20,000 systems—in the Bell Sys-
tem. General Telephone has over a thousand sys-
tems in service and 500 more on the way.

Since Lenkurt Electric, a ¢r&E manufacturing
unit, came out with its 9001A coder later than Bell’s
D1, it was able to capitalize on technological ad-
vances. The 9001A is smaller, mounts on 19-inch
rather than 23-inch racks, and interfaces directly
with a switching system, thus avoiding the trunk
circuits required with D1 and cutting costs. None-
theless, Lenkurt's pecm terminal is identical to the
D1 at the carrier end so that the two work together
perfectly—an object lesson in compatibility. Other
U.S. firms that make or plan to make D1 type units
are Vicom, Stromberg-Carlson, and Lynch Com-
munications.

ataT will place its first D2 coders into service
this year. These units produce four independent 24-
channel output streams—a total of 96 channels.
These can be time multiplexed and transmitted on
6-megabit T2 lines. General Telephone has yet to
announce its plans for making compatible coders.
In the meantime, Bell Labs is developing a 564-
megabit system, designated T5. (T3 and T4 lines

don’t exist though Bell plans eventually to offer in-
termediate-capacity multiplexers.) T5 is a coaxial-
cable arrangement; T1 and T2 are twisted-pair de-
signs. Bell is also investigating waveguide, as well
as atmospheric millimeter-wave pcm transmission.

Foreign affairs. The British have some 300, 24-
channel pecm systems in service in the country’s
phone network; about 500 new systems are being
installed annually, and 1,300 should be operating
by the end of next year.

Unlike Lenkurt and Bell’s units, gear produced
by Marconi for the British Post office’s system makes
extensive use of integrated circuits in coders, de-
coders, signaling cards, and pulse generators. Stand-
ard Telecommunications Laboratories’ apparatus re-
lies on resistor-transistor logic for a number of dig-
ital-manipulation functions, but the firm points out
it would do things differently if it could start all
over. The experimental time-division digital-switch-
ing exchange dubbed Empress and installed in Lon-
don also makes extensive use of 1c’s. The Post Office
is doing experimental work to gain experience using
medium-scale integration in telephony. There are
four to six gates on each chip and-some seven or
eight chips prewired inside one pack—that is 40 or
more gates in a pack. Experimental 24-channel
amos shift registers are being developed for use
as stores to control crosspoints. While British outfits
haven’t announced any plans for higher-capacity
pem systems, they are doing research in both micro-
wave and millimeter guided-wave systems.

Purchase orders. France has five pcm systems in
service that use 6-bit coding and transmit 36 voice
signals in 37 time slots; about 100 such systems are
on order and being installed. But future French
systems will be of the cepr 32 time slot type; two
or three of these will be in operation at year’s end.

stages, Bell says it’'s imperative to stick to eight
bits. But when digital switching becomes wide-
spread such precision may not be required.

The British and Japanese use a 7-bit system,
while the CEPT countries now favor 8-bit coding.
Comsat has vigorously championed a 7-bit system
for Intelsat, one reason being that it permits more
channels, and hence higher revenues, than 8-bit
gear. Comsat also maintains that digital switching
and the increase in “single-hop™ calls via domestic
satellites minimize analog-to-digital conversions.

General Telephone & Electronics, largest of the
U.S. independents, agrees with Bell that 8-bit
encoding is necessary for intertoll traffic. However,
it has no plans at the moment for such gear because
its toll needs are limited.

STL’s Thomas isn’t convinced that eight bits are
necessary in European networks. “Seven’s certainly
the number now, and eight may be desirable for a
short time when long-distance connections are
made by multiple links of short-haul pem lines,”
he says. “But eventually, say around the year 2000
when switching is generally digital and there are
extensive long-line pem links, six bits may be quite
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enough. So it's arguable whether 8-bit systems
should be installed now. They may be necessary in
the U.S., where the network is much bigger and
more complex—but not in Europe.”

However, if seven, rather than eight bits are
used, Bell argues, there could be a 6-db price to
pay in noise during satellite calls.

Meanwhile, France is installing prototype 30-
channel pem systems using 8-bit encoding. France
was successful in getting CEPT to accept this as the
European standard.

Japan agrees that eight bits might be needed on
long-distance calls, say, for seven or so links. But
its engineers point out that much of the country’s
traffic is over short distances. Frequency-division
multiplexed carrier systems handle the long-dis-
tance load among distant cities, so the need for
8-bit systems is limited.

The Swiss add yet another element to the pic-
ture. Their country has a growing cable network
with excellent transmission quality; authorities
would like to use pem not only to carry voice but
also to pipe high-fidelity music directly into pri-
vate homes. It’s likely, then, the Alpine nation will
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If all goes well, 100 or so will be bought annually
over the next several years. At least half the circuits
in these systems are monolithic 1c’s. During 1969,
the French will begin testing two pcm microwave
systems. One system will transmit two, and eventu-
ally eight, megabits of information at 2 gigahertz;
the other 36 megabits at 7 Ghz.

Germany has four experimental systems under
test in its commercial telephone network. One, a
60-channel system with a line rate of 3.84 megabits
developed by Siemens, links exchanges in downtown
Munich and Pasing, a Munich suburb. Another in
Stuttgart, developed by Standard Elektrik Lorenz,
transmits 24 channels. This city also has a 24-chan-
nel aec Telefunken System. Finally a 24-channel
TeKaDe-FGF system operates between Nuremberg
and nearby Fuerth. On order from four firms is
equipment for about 50, 32-channel systems to be
installed for commercial service in area networks.
Delivery will start around the end of the year.

Japan has more than 2,000 24-channel systems,
developed by Nippon Tel and Tel; new systems
are going into service-at the rate of about 1,000 -a
year. Discrete components are used exclusively in
this equipment. Japan is now checking three ver-
sions of a 120-channel system at four locations.
After completion of tests next year, these systems
will be installed in many spans. One version
multiplexes five 24-channel streams; another directly
codes 120 voice channels; the third encodes a 60-
voice-channel, frequency-multiplexed supergroup.

In two locations, four 120-channel pulse streams
are modulated onto microwave carriers around the
2.1-t0-2.29-Ghz range. Nippon Electric equipment
is used at the terminal of a 12-mile link. Fujitsu
gear is installed in another span where five 24-
channel pulse streams are transmitted.

push for coding with the greater number of bits.
Bit-number difficulties are closely related to the
state of the digital-switching art in various coun-
tries. Initially, Bell developed and installed pcm
to pay off in cities; at the time, however, semicon-
ductor technology was relatively immature. Now
AT&T finds itself with a very sizeable pcm plant—
and no digital-switching system on the drawing
boards. Now being studied, such a project couldn’t
make a commercial debut for at least several years.
Ironically, GT&E may have a digital-switching
capacity in the U.S. before its giant rival, Bell.
General System exchanges, islands in the AT&T
ocean, have grown to the point where they’ve got
to be connected by tandem-switching centers. Years
ago, Bell’s solution was use analog switching. But
advances in technology suggest to GT&E at least
that the digital may well prove a better solution.
Donald Ashford, a senior engineer at GT&E Labs
and the company’s representative on the CCITT
pem study group, reports that GT&E Labs expects
to start work on an experimental digital-switching
system by the end of this year. “One difficulty is
that you've got to fit pecm switching in with the
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existing analog plant,” he says. “You’ve got to get
signaling tones off a pcm line, without converting
back to analog. One way is to look for digital pat-
terns and employ pattern-recognition. We're hoping
that we can accomplish this with software.”

Meanwhile, both Europe and Japan are racing
ahead with digital switching. West Germany is
beginning to develop a telephone-exchange system
that will incorporate pcm switching. England—
proud of the fact that the old world took digital
switching requirements into account from the out-
set—is running a service trial of its Empress pcm
switching system in London. ITT is working on a
different electronic version.

Japan’s Nippon Telephone and Telegraph has de-
veloped an experimental digital-switching system
that it’s temporarily shelved because analog switch-
ing with electronic systems is still cheaper.

France looks towards 1976 when it hopes to put
digital-switching equipment into commercial serv-
ice. Plans for next year include testing of a system
designed by the post office’s Lannion Laboratory
Development Center.

Loaded Question

The other fundamental property of pcm systems
—load capacity, the maximum signal that can be
handled without overloading—is fortunately more
susceptible of international solution than other
technical issues. Difterentials in this parameter
from country to country are at most a db; they can
be compensated for by simple adjustments in the
analog plant.

Europe has settled on 42 dbm0, America on
+3 dbm0. But even though there’s no serious diffi-
culty, consensus is still a will-o-the-wisp. Some, for
example, claim that designers of European phone
systems aren’t as critical of load capacity as are
those in the U.S. Continental sources deny this.

While other pem parameters aren’t as crucial,
there’s still plenty of disagreement. “If we have
to, we should be able to manipulate signals with a
high degree of impunity,” says AT&T’s Boyd. “We
hope that won’t be necessary, but if it is you can
bet systems designers all over the world will make
good on this.”

Nonetheless, the CCITT study group will try to
hammer out agreements on such “minor” differ-
ences in systems characteristics as the number of
time slots and channels per frame, line rate, steps
in an international digital hierarchy, and methods
for signaling, framing, and synchronization.

America, England, and Japan now line up on
the side of 24 time slots per frame. England, how-
ever, has a slightly different bit rate. Twenty-four
channels are optimum for the cables used by the
Americans; originally designed to carry voice sig-
nals, they were then used for pcm to increase ca-
pacity. It's unlikely, then, that America will want
to switch to the 32 time slot standard. England,
however, uses a different kind of cabling and could
go either way.

England’s cable is similar to the European stand-
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ard—a balanced-quad affair with what’s advertised
as superior electrical characteristics. Europe is test-
ing this cable as justification for going to 32, in-
stead of 24, time slots. No one quarrels with the
cable’s better characteristics, but there are those
who believe the primary motivation in this case is
commercial rather than technical.

British and European interests are potential ri-
vals for pcm systems orders in other countries, and
the 32 time slot system now gives the latter a strong
selling point. In fact, some predict that England
may be pressured by its pem manufacturers into
switching to the CEPT standard.

The French, who started with a 6-bit encoded
system are now among the most vocal supporters
of the 32 time slot CEPT standard. Telephone offi-
cials argue that it’s technically superior to the 24
time slot version because 32 is a power of 2 and
time-division switching devices will be bipolar.

Germany supports the CEPT system, contending
that cost per channel is lower and that the system
is compatible with Germany’s existing carrier-fre-
quency equipment.

But Japan takes the position that only 30 of the
32 time slots are used for voice, thereby invalidat-
ing the argument of 32 being a power of 2. The
U.S. agrees. Moreover, both believe the CEPT
standard represents an extravagent use of potential
channel space.

Because there’s little possibility that the two
camps will change their minds, efforts are directed
primarily at reaching agreement on second-level
pcem systems, that is, those of higher capacity.

Meeting of the lines

One of the optimists about an agreement is An-
toine Jousset, head of the French post office’s pcm
program and chairman of the CEPT pem committee.
“The bit rate for a secondary system could be four
times the primary multiplex rate (24 time slots) of
Britain, three times that of CEPT (32 time slots),
and the same as that of AT&T’s T2 system (96 time
slots)—roughly six megabits,” he says.

CEPT countries haven’t yet agreed to a secondary
multiplex standard, but the nations haven’t been
shy about voicing opinions. For example, Italy and
West Germany are pushing eight megabits while
Britain and France are leaning toward six megabits.

Japan, which already has 8-megabit, 120-channel
systems in operation, may prove troublesome. The
Japanese designed for their own needs, producing
a system that would directly encode their 60-
channel frequency-multiplexed supergroups and
which has the capacity to carry visual telephone
signals. AT&T doesn’t plan to encode supergroups
but will code mastergroup signals on future high-
capacity pcm systems. It is convinced six megabits
is more than adequate for Picturephone signals.

Another area of difference centers on framing
and signaling. Bell fills each of its 24 time slots
with speech and signaling, for example, and inserts
a framing pulse after the 24th time slot—the 193rd
bit. England uses one of the 24 time slots for fram-
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ing. The CEPT system sets two of the 32 slots aside,
one for framing, the other for signaling.

Bell had originally intended using 194 bits in a
D2 frame, dedicating two of these for framing. This
resulted in a sampling rate of 7,959 per second, so
when the rest of the world agreed to standardize
on 8,000, Bell reconsidered. However, its framing
technique isn’t compatible with the CEPT system.

Another thorny question involves whether Eu-
ropeans will accede to AT&T’s recommendation to
insert redundancy information in their pulse
streams. This would make it possible to evaluate
easily the transmission line performance by measur-
ing the digital error rate and also permit automatic
switching to standby lines in case a transmission
facility fails. America, but not Europe, currently
inserts such redundancy digits on its lines.

Time standards

International pcm networks must, of course, keep
the same time. Of the several ways to get them to
do so, none seems effective for all. The choices are:
synchronize all oscillators to a master clock; derive
the clock for every office by averaging the phases
of all signals; or, omit synchronization; instead in-
sert noninformation-carrying pulses to match pulse
rates of different terminals (pulse stuffing) and
remove them at the receiving terminal.

Bell expects to use each method in different parts
of its network; the GT&E system will probably em-
phasize master-clock synchronization. England and
France seem to lean toward pulse stuffing. In fact,
France’s Jousset hopes that this technique will be
generally accepted, although he admits that it will
make digital switching more difficult to implement.

The Japanese reject synchronizing “slave™ clocks
to a “master” clock, pointing out that even if all
terminals are basically similar and the master clock
is rotated from country to country, the set-up would
probably not work out internationally. They favor
pulse stuffing.

Other questions being debated within the CCITT
group include the types of transmission line codes
used. In D2, for instance, Bell throws out the code
for one of the 256 quantizing steps, which would
consist of all zeros, because of repeater-timing
problems. But the Europeans retain this code and,
instead, invert every other digit in all the codes.
They argue that this is the best way of decreasing
the likelihood of zeros. Bell disagrees, and it’s
trying to pin the question down with analysis.

As the CCITT October meeting approaches, many
are pessimistic about the prospects for immediate
agreement on the really important questions. But
there’s general optimism that eventually things will
come out all right. “Countries disagreed at first
about carrier-frequency system specifications,” says
Theodor Irmer, chairman of the pem study group at
West Germany’s postal telephone administration.
“But they got together eventually. We may have to
wait several years with pem, but it’s got to happen.
Otherwise we're going to have some really serious
problems with overseas communication.” ®
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Circuit design

Designer’s casebook

Pair of source followers
keep a voltmeter steady
By David F. Wadsworth

Plessey Telecommunications Group,
Nottingham, England

Conventional semiconductor components can be
used to build a high-impedance voltmeter having
superior drift characteristics and a current meas-
uring sensitivity of 1 nanoampere or better.

Two source followers are connected to the meter
across their outputs so that drift in one due to
temperature changes will be canceled by a similar
drift in the other. When an input is applied to the
gate of Q,, the current change in the transistor
causes a change in Qs’s base current; the change
is then amplified by Qs and fed back to Q;’s
source, causing it to follow the original input volt-
age closely. Because the over-all gain is nearly

unity, a directly calibrated meter can be used with-
out modification.

The output to the meter is =1 volt at 100 micro-
amps. The level can be increased to 1 milliamp,
but with some loss in accuracy.

The input is decoupled by a 0.1-microfarad ca-
pacitor that forms the lower part of a capacitive
divider for the higher voltage ranges. The advan-
tage of this arrangement over the resistive divider
is that an extremely high impedance can be main-
tained over these ranges. For simplicity, only one
additional voltage range is shown here. The range,
set by switching to the “attenuate” position, de-
pends on the value of capacitor C.

Current is measured by observing the voltage
across a known resistor when the current flows
through it. For instance, with a 1,000-megohm
shunt, the meter reads 1 nanoamp full scale.

ATTENUATE .

2N3819
S

g
DIRECT

152033A

S 0.1 pf

4703

1=voLT L
FULL SCALE 3470
S  DEFLECTION |
10k/v

C DETERMINED BY VOLTAGE RANGE
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Minimizing common-mode errors

in a variable-gain amplifier

By William D. Miller

Analog Devices Inc., Cambridge, Mass.

Many differential amplifier circuits require adjust-
able gain values so that circuit sensitivity can be
matched to input signal levels. No problems arise
when discrete gain values are needed; the resistors
can be switched into the circuit in accurately
matched or pretrimmed pairs. But, problems arise
when continuously adjustable gain is required.

The ideal differential circuit provides common-
mode rejection if the external components are ac-
curately matched to make R;, identical to Rs, and
Ros identical to Rop. If these resistor pairs aren’t
precisely matched, the amplifier will partially re-
spond to a common-mode input. It’s not possible
without using exceedingly expensive ganged poten-
tiometers to keep Rox and R,p identical while
they’re varied over the full gain range. And poor
tracking between R;, and R;p will introduce com-
mon-mode errors as their resistance values diverge.

The amplifier circuit shown varies gain with
minimal common-mode errors by using one vari-
able resistor rather than two. An input attenuation
network consisting of fixed resistor R and gain-
control resistor Ry raises output voltage by a factor
(R« + Rs)/R, while maintaining equal input and
feedback currents, I, and I;. The smaller the value
of Ry, the higher must be the amplifier output to
balance feedback and input current.

Circuit gain could be varied from less than unity
to just about any upper limit without affecting the
common-mode performance, provided Ry << Rop.
Thus the ratio of R, to R; can be trimmed for high-
est common-mode rejection, then left without fur-
ther adjustment where

Re _ Raa _
R, Ria

R?B
Ris

i (1B e,

Ria= Ry = Ry

R2a= Rz = Ryg

Over-all gain of the circuit, using the output atten-
uator, becomes e, = [(E: — E;) (1 + Rs)/(R4)]
R:/R;. This relationship is accurate as long as feed-
back resistor Rop is appreciably greater than Ry,
and the amplifier has sufficient loop gain.

There are other advantages to this circuit, too.
R; can usually be selected for higher values of
input impedance while R. is kept at a reasonable
value of resistance. The circuit, however, has
higher drift gain and less bandwidth.

SCR shift register
can take a lot of noise

By Jerome H. Silverman
Union Carbide Corp., Greenville, S.C.

-

Shift registers designed for industrial needs are
often used to record data on the disposition of elec-
tronic components in an automatic testing machine,
The test results are shifted along with the compo-
nents as they index through the machine with the
contents of the registers determining the station at
which the parts are ejected. But the noisy electrical
environments often encountered in many factories
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can inadvertently trigger the registers.

The silicon controlled rectifier shift register
shown here, however, is particularly suited to op-
eration under these conditions. It operates sole-
noids and relays directly and performs well in the
presence of high ripple and noise levels.

The first stage is loaded by a positive pulse ap-
plied between shift pulses, and the shift is exe-
cuted when two voltage pulses occur in sequence.
First, the anode supply voltage is reduced to zero
for a short time period and then restored. This
turns off any SCR that may have been conducting.
A positive pulse is then delivered to the register
line, and the line is coupled through diodes and
capacitors to the SCR’s gates.

Each coupling capacitor that’s connected to a
previously nonconducting SCR anode, charges and
reverse biases its corresponding diode, thus block-
ing the retrigger pulse from the next SCR gate, The
capacitors connected to conducting anodes are un-
charged and therefore don’t reverse bias their asso-
ciated diodes. The retrigger pulse thus reaches
these gates, firing the SCR’s. In this way, the con-
ducting SCR states are shifted through the register.

The power supply applies a full-wave rectified

voltage to the B+ line of the shift register. Capac-
itor C; charges through diode D; and discharges
into the B4 line through the first SCR. Its gate is
connected to the capacitor through D, and R; and
causes the SCR to automatically trigger every time
the rectified B+ voltage drops below Cy’s voltage
level. The capacitor need only be large enough to
supply holding current to those SCR’s that are on
in the shift register every time the a-c output of the
transformer passes through zero.

To shift information in the register, a shift pulse
is applied that turns on Q; for the duration of at
least one half-cycle of the a-¢ line voltage. This re-
moves the gate drive to the first SCR and thus
erases the B+ voltage. D, prevents the SCR from
receiving excessive reverse gate bias.

The shift pulse also turns on Q., charging C..
When the shift pulse drops to zero, the SCR is re-
stored to normal operation. The reappearance of
the B+ voltage and the absence of the shift pulse
turns the second SCR on, discharging C, into the
retrigger line. The second SCR then turns off when
C, has been discharged. The transfer cycle is com-
pleted and the shift register is ready to accept
more information.
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Integrated electronics

How reliable are MOS IC’s?
As good as bipolars, says NASA

Although failure mechanisms differ for MOS because oxide is a functional part
of the device, tests indicate failure rates running at 0.016% per 1,000 hours

By Leon C. Hamiter Jr.

National Aeronautics and Space Administration, Huntsville, Ala.

Partial holes. Burned-out portions occur at ‘“‘partial” holes, where oxide is thinner because of contamination
or irregularities on the silicon surface. Here, the oxide ruptured at less than rated voltage.




An oxide layer is as much a part of a bipolar inte-
grated circuit as it is of a metal oxide semiconductor
IC. The difference is that the oxide in an MOS cir-
cuit performs a dual function: protects the semicon-
ductor material and participates in the operation of
the circuit. It’s this difference that gives the physics
of failure of an MOS circuit a different character.
Such oxide-dependent failure modes as threshold
voltage variations and gate shorts are unique to
MOS IC’s.

In addition, contamination and certain process
parameters are far more critical with MOS. And
the dimensions and alignment of masks are more
critical, too, because of the much smaller size of
transistors and interconnections. (See “Defects in
MOS IC’s,” p. 108.)

The National Aeronautics and Space Adminis-
tration in Huntsville, Ala., has studied the relia-
bility of MOS IC’s and has found that they have
become stable and manufacturable products
thanks to refinements in growing, etching, regrow-
ing insulating layers on semiconductor substrates,
and rigid process controls.

Thousands of MOS IC’s from a single manufac-
turer were tested, for example, at 25°C operating
life, 85°C operating life, 125°C reverse bias, 125°C
storage, and 150°C storage. Some 4,339,000 circuit
hours were accumulated in this group of tests
alone, with only three failures—a failure rate of
0.095% per 1,000 hours at maximum stress. If it’s
assumed that the acceleration factor is eight, these
tests are equivalent to 26.4 million operational
hours and a failure rate of 0.016% per 1,000 hours
at 60% confidence. (Although the stress in an aver-
age application is only about 30% of device rating,
the NASA tests were conducted at maximum rated
temperature and voltage. Some reliability engineers
feel that this extra stress accelerates failures by a
factor of five, others say it’s 20. Therefore, the
factor of eight is a conservative estimate of accel-
eration factor.)

This test experience is comparable to NASA’s

experience with operational systems using MOS
IC’s. The IMP-D and IMP-F satellites, for example,
accumulated 19 million MOS circuit hours with two
failures for a failure rate of 0.016% per 1,000 hours
at 60% confidence. The failures occurred after one
year of operation, and indications are that the MOS
devices were not the cause of failure. In an infor-
mation-handling system, 2.5 million MOS circuit
hours were accumulated with four failures for a
failure rate of 0.016% per 1,000 hours. Significantly,
all failures occurred during the first 150 hours of
operation, and none of the units were screened
previously.

It’s now possible to draw these general conclu-
sions about MOS IC reliability:

= MOS and bipolar IC’s of equal complexity offer
approximately the same failure rates. Variations of
failure rates between the two are more a function
of application, screening and quality control than
technology.

= A complex MOS circuit offers a lower total fail-
ure rate than discrete parts or less complex IC’s
that must be assembled on printed-circuit boards
and interconnected to perform the equivalent func-
tion. Therefore, increasing the complexity of MOS
circuits—to a point—can improve over-all system
reliability.

= To obtain high-reliability MOS circuits (and
bipolar, too) requires strict quality control, high
workmanship standards, careful handling and ap-
plication, and effective screening and inspection
criteria.

= Within their application capability, large-scale-
integrated MOS circuits offer tremendous reliability
potential, limited primarily by yield and packages.

The NASA study covered the most common kind
of MOS circuit—the p-channel, enhancement-mode
device. However, it’s safe to assume that these con-
clusions also apply to n-channel depletion-mode
and complementary IC’s. The IC’s in the NASA
tests were thick oxides in which the silicon-oxide
layer is typically 15,000 angstroms thick except for

GATE METAL

OXIDE

OXIDE

p-CHANNEL

SOURCE

n-SUBSTRATE

SHORT

DRAIN

Structure. Basic MOS transistor design provides for overlap of gate metal on the diffused p regions. This assures
proper registration. The thinner oxide under the overlap, however, is susceptible to breakdown.
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Oxide
Handling and nverstréss
Metalization and partii‘_’clef‘

Bund ami cunneqmm

Package

Cause of failure

cmp mer.haméal 0%
Chip mount 3%
Others

The major causes of mos 1c failure found by
~asa—and their percentage of occurrence in failed
circuits—are in these categories:

» Oxide defects, 209% —Flaws in the insulating
layer between the silicon and the metal intercon-
nection pattern. Gross defects in this dielectric, or
inadvertent removal of it, prior to metalization cause
nonfunctional shorted devices. Pinholes are another
kind of oxide defect; these are small localized regions
in the oxide with low dielectric strength. Such
regions have reduced resistance to electrical over-
stress and can easily become a leakage path or
a complete short circuit. Causes of pinholes are dust
particles, minute mask flaws, and contamination.
Pinholes are scattered at random over the chip. Sites
in inactive areas and not under the gate or metaliza-
tion are of no consequence since they cannot con-
tribute to device failure.

= Handling and overstress, 20%—Poor handling
causes broken or badly twisted packages and leads.
Electrical overstress—from static charges on person-
nel and equipment, inserting the wrong leads in the
test socket, and transient voltages—can destroy the
gate oxide.

= Metalization defects and particles, 129 —These
defects include scratches, smears, insufficient thick-
ness, and insufficient clearance between metal paths.
Insufficient thickness can cause excess current den-
sity while insufficient clearance can enable particles
to cause a short circuit. Serious cracks have been
observed in metalization over oxide cuts and steps
[Electronics, April 28, p. 40]. Although these cracks
have only appeared in bipolar 1c’s, they could also
occur in Mos circuits. Both conducting and noncon-
ducting particles are found in many 1c’s. Metal par-
ticles big enough to short out two metalization paths

20%
20%

)
|
|
|
b

I]efects
inMOS ICs
and how they
happen

1]2/,
| IIM
’”m%

: Phntollthographic and dlﬂusmn 8%

are of primary concern. Such particles include gold
wire, aluminum slivers, fragments of silicon, and gold
flakes.

= Bonds and connections, 109 —Failures in this
area are usually broken wires and separation of the
wire from the chip (which appear as open circuits),
and sagging and misrouted wires (which appear as
shorts).

» Package, 10% —These failures are usually leaks
in the seal, lead fatigue, external surface contamina-
tion, and marking and plating deterioration.

= Photolithographic and diffusion defects, 8%—
These include faulty alignment between one or more
of the successive masks, and defects in the mask
itself. Typical mask defects are poor definition, vari-
ations of intensity, dark spots in clear areas of the
mask, and clear spots in areas that could not transmit
light. Such defects result in improper oxide removal
or improper diffusion.

» Chip mechanical defects, 59%—These include
cracks, chips, and fractures. Cracks are unintention-
ally induced during the scribing operation that sep-
arates the chips from the wafer. Every force, bending
moment, or torque applied to the chip from that
point on could result in a failure. Even after the
chip has been packaged, sufficient force can be trans-
mitted by the package itself, and even by the circuit
board that it’s mounted on, to break the chip.

= Chip mount, 3%—These include improper
placement in the package cavity, orientation, and
clearance, which result in the chip shorting to the
package and overstressing the wires.

» Others, 129 —These include a variety of causes,
most of which are still undetermined. In some cases
the 1c is so badly damaged that it's impossible to
pinpoint the original cause.
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Especially critical. Conducting particles are critical in

all IC’s, but especially in MOS. In bipolar circuits,

the maximum permissible particle size is 0.5 mil, but
even particles of this size could cause trouble in an MOS
circuit in which the space between metalized paths is
0.3 mil or less. (Above, the largest burned spot—a
particle that has short-circuited two metal paths—is

2.8 mils long.) A possible solution is coating the entire
chip with glass after metalization.

the gate area, where it’s only 2,000 A, comparable
to the oxide in thin MOS circuits.

The MOS structure on page 107 indicates the
causes of device degradation and failure. A nega-
tive voltage applied between gate and drain estab-
lishes an electrostatic field that inverts the n-ma-
terial under the gate metal to a p-channel between
source and drain. The minimum voltage necessary
to produce this channel is the threshold voltage,
Vr. The high input impedance characteristic of
MOS is obtained by the use of an oxide layer be-
tween the gate and the substrate.

The metal gate extends beyond the gate into
the p-regions to insure that the field-effect channel
occupies the entire gate region. (If the gate metal
mask is misaligned enough that the p-n junction is

Electronics | June 23, 1969

Static stress. The large dark spot is where
a rupture occured, melting away part of
the gate metal. This failure was caused by
static charge on a test operator; actually
the gate self-healed twice before the third
jolt produced a permanent short between
gate and substrate. Solution: proper
handling and a protective zener-diode
network on the chip. Electrical symptoms
are a 1,000-to-2,000-ohm linear resistance
on the gate lead and a soft reverse-diode
breakdown of from 5 to 7 volts.

not covered, the conducting channel in the gate
region would terminate before it reaches a p-
region and the device could not function.) This
region of gate metal overlap is the weakest part
of the MOS structure, because it imposes high elec-
trical stresses on the oxide.

One failure mode, for example, is rupture of the
input-gate insulator by stray voltages. The effect
of oxide rupture ranges from degradation of the
gate breakdown voltage to complete short-circuit-
ing of the gate. A low-energy transient can produce
a silicon-aluminum compound that tends to reduce
the breakdown voltage; higher transients, or
higher-than-average operating voltages, can com-
pletely short the device.

MOS devices are usually rated at 10 to 50 volts,
and if they are carelessly subjected to higher volt-
ages—from an ungrounded soldering iron, for in-
stance—the input gate oxide can easily be ruptured.

Another cause of gate rupture is man. By just
walking across a nylon-carpeted floor, a technician
can build up a static charge of sufficient voltage
and energy (up to 5,000 volts on a typical capaci-
tance of 200 picofarads) to destroy the gate oxide.

Gate-oxide rupture usually occurs between the
gate metal and the underlying diffused region,
rather than between gate and body of the device,
since the diffused region has a higher conductivity
than the channel region.

The gate-oxide rupture failure mode can be mini-
mized by incorporating an input-protection circuit
in the chip—a diode and resistor network, for ex-
ample. Precautions against static charge build-up
on personnel will help, too, of course.

Another major source of failure are defects in
the oxide, chiefly pinholes; even with the recent
improvements in oxide technology, pinholes still
occur. Depending on the mask and etch sequence,
the gate oxide under the gate metal overlap can
contain a boundary between the SiO. thermally
grown on n-type silicon and that grown on p-type
silicon. This boundary arises from the difference in
growth rates for oxide over n- and p-type sections.
There is a greater chance for imperfections such
as nonuniformity and inhomogeniety at this bound-
ary, and these can start pinholes, A similar bound-
ary occurs between old and new oxide—when oxide
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is regrown in an etched-out pit, for example—since
the growth rate of an oxide film already in place
is different from that of a fresh film.

Such boundary defects in the oxide come in a
spectrum of sizes—from a size large enough to
cause device failure at first test to smaller defects
that grow under stress to cause a failure after
prolonged testing or use.

Contamination is also a critical consideration at
these intra-oxide boundaries. Distribution of con-
tamination in SiO, grown over n silicon is different
from that over p silicon. The contamination con-
centration in that boundary or at the p-n junction
beneath the oxide can also lead to crystal-lattice
structures that cannot survive prolonged stress in
an electric field.

From another standpoint, oxide contamination
affects reliability because it affects the fabrication
process. Contaminated SiO. tends to etch faster
than the purer SiO., therefore the oxide layers may
be thinner than the time-of-etch calculations pre-
dict. This leads to a lower breakdown, voltage than
the device is designed for.

To obtain a low threshold voltage, the gate oxide
is kept to minimum thickness, typically 1,000 to
2,000 A. This is much less than for bipolar circuits.
Defects and contamination contribute far more to
irregularities in the oxide thickness and variations
in its insulating properties. And the severity of
these irregularities can be compounded by etching.

SiO, reacts with aluminum—the common inter-
connection metal—in the temperature range of 400°
to 500°C. The aluminum tends, at these high tem-
peratures, to be absorbed into the silicon dioxide
and the conductive pattern can actually disappear.
Circuits are not tested or operated in this tempera-
ture range, of course, but MOS devices are some-
times processed in this range and the reaction
could be initiated there. And cven within the rated
operating temperature range, leakage currents
through small defects in the oxide can produce
local heating that could raise the temperature
enough for the Al-SiO, reaction to proceed at a
rapid rate, resulting in rupture of the oxide film.

This effect is serious because it’s an exponential
reaction; the more aluminum that’s absorbed, the
greater the leakage current. The increased leakage
sends the temperature climbing and the leakage
increases until it constitutes a short circuit—actu-
ally an oxide rupture.

Aluminum migration can occur in bipolar IC’s,
too, but it’s far more serious in MOS circuits be-
cause of the critical function of the gate oxide. .

How can all these sources of failure be detected
in finished IC’s? Threshold voltage and leakage
current are the two most dependable and conven-
ient parameters for monitoring or predicting device
reliability. Changes in these parameters can be
detected after only a few hours of operation, and
units that exhibit the changes nearly always fail,
Certainly, life-test data indicates burn-in is essen-
tial to eliminate operating failures.

At the chip level, the reliability problems are
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Recommended screening sequence
for MOS IC’s

200X minimum magnification
40X minimum magnification

Die inspection
Precap inspection

Temperature Maximum temperature rating
storage for 96 hours
Temperature cycle 10 cycles, —65° to + 125° C
Constant
acceleration 20,000 G

Read and record critical par-
ameters at 25° C

Electrical tests

Temperature Maximum temp. with circuit
and bias back-biased for 24 hours
Electrical tests Read and record go/no/go at
25° €
Burn in Maximum temperature for 240
hours
Electrical Tests Read and record critical par-

ameters

Reject devices which exhibit
parameter drift greater
than:

1. Logic level +10%
2. Leakage current
(a) low logic levels 410

times initial
(b) High logic levels
+20%
Hermetic seal Fine and gross
Radiographic
inspection

about the same for both MOS and bipolar circuits.
The problems with the die mounting and bonding
also are not significantly different. However, there
is some difference in package problems. These re-
sult from the new and unusual packages, with
many more leads, required for the complex MOS
microcircuits. Additional leads require more bonds
per package, additional area to be sealed with
less distance between leads, and smaller cross-
sectional area per lead. These requirements tend
to make the package more fragile.

Other MOS IC package failures are common to
the entire field of semiconductor devices: post-
processing surface contamination, contamination
migration during die attachment, and gas leaks in

the final package are among the most common.

And after the device has been successfully pack-

. aged, it is still subject to failures during handling.

The tests and screens listed in the table
above were selected by NASA as the most effec-
tive for detecting and eliminating potential fail-
ures in MOS IC’s. These screens should cost about
the same per MOS package as for a bipolar
package. However, since most MOS microcircuits
have a higher functional density per package, the
screening cost per system of equal complexity
should be less for MOS than for bipolar. m
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Conference on Nuclear &
Space Radiation Effects

July 7-11

Pennsylvania State University

Engineering in Medicine &
Biology & International
Federation for Medical &
Biological Engineering
Conference

July 20-25

Palmer House, Chicago

Western Electronic Show

& Convention (Wescon)

Cow Palace & San Francisco

Hilton Hotel, San Franci’yseoif

FIRST CONVENTION?

Broadcasting Symposium
September 18-20
Mayflower Hotel, Washington

International Telemetering
Conference & Exhibition
September 15-17
Sheraton Park Hotel,
Washington

Details of
conferences
on reverse side
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cations program lists desk-
top computers, microwave
measurements, device
modeling for computer-
aided designs, and indus-
trial applications of lasers.
Other technical sessions will
deal with digital signal proc-
essing, high-power solid-
statetechniques, digitaland
linear integrated IC’s,
metal-insulated semicon-
ductors, digital memories,
and underwater electronics.
For more information: C.J.
Peters, Sylvania Electric
Products, 40 Sylvan Road,
Waltham, Mass. 02154

Fall Joint Computer
Conference

November 18-20

Does a good conference
have to be dull? The FJCC
program committee doesn’t
think so. It's arranging a
prize — in addition to the
usual one for best paper —
for the best presentation
and will hold seminars
around the U.S. to aid au-
thors. At the conference, vi-
deotapes will be made for
later viewing by judges. The
prize will be awarded next
year—perhapsat the Spring
Joint Computer Confer-
ence. Although something
similar was attempted at
this year’s SJCC in May, vi-
deotapes are a definite es-
calation. The theme of the
conference is ‘‘Threshold
of the 70’s;"’ papers will de-
scribe how the revolution-
ary concepts of the past 10
years will be implemented
and extended during the
next 10.

For more information: Eu-
gene Crabbe, TRW Sys-
tems, Building R3, Room
2070, 1 Space Park, Re-
dondo Beach, Calif. 90278

Conference on Magnetism and
Magnetic Materials

November 18-21

The program committee has
asked for papers on basic
topics relating to magnet-
ism—experimental and the-
oretical work, new magnetic
materials, and peripheral
areas in which magnetics
play a major role. And basic
or not, there’s much of in-
terest to be reported. Inter-
disciplinary papers will be
welcomed—for example, on
the applications of magnet-
ics in medicine, geology, or
even archeology. New mag-
netic evidence was recently
reported that supports the
theory of continental drift;
the site of an ancient city
was found by measuring
minute anomalies in the
earth’s magnetic field.

For more information: J.D.
Blades, Franklin Institute
Research Laboratories,
Philadelphia, Pa. 19103

At Wescon, Electronics brings you a free-wheeling dialogue between
vendors and users on circuit / system interface—Aug. 19

National Electronic
Conference

December 8-10

For early Christmas shop-
pers, there will be a product
exhibit. In addition, a broad
range of subjects in com-
munications technology, IC
designs, electronic switch-
ing systems, computer ap-
plications, instrumentation,
and consumer electronics
will be discussed at the
technical sessions.

For more information: Na-
tional Electronics Confer-
ence, Oak Brook Exec.
Plaza #2, 1121 W, 22 St.,
Oak Brook, Ill. 60521
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Joint Conference on
Mathematical & Computer
Aids to Design

October 26-30

Disneyland Hotel, Anaheim

Electronic & Aerospace
Systems Convention (Eascon)
October 27-29 ~
Sheraton Park Hotel,
Washington

Instrument Society of America
Conference & Exhibit

October 27-30

Astrohall, Houston

International Electron
Devices Meeting
October 29-31
Sheraton Park Hotel,
Washington

Northeast Electronics
Research &
Engineering Meeting
(Nerem)

November 5-7
Sheraton Boston Hotel, Boston

Fall Joint Computer Conference
November 18-20
Convention Center, Las Vegas

Conference on Magnetism and
Magnetic Materials
November 18-21

Benjamin Franklin Hotel,
Philadelphia

AND NOW A WORD FROM
— MY (0- AUTHOR

National Electronic Conference
December 8-10
Conrad Hilton Hotel, Chicago

International Symposium on
Circuit Theory :
December 8-10

- Mark Hopkins Hotel,

San Francisco
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srivesl Highlights of major 1969 ¢

Conference on Nuclear &
Space Radiation Effects

July 7-11

This specialized meeting
deals with hot stuff—radia-
tion exposure. It will warm
up to such subjects as dis-
placement effects produced
by neutrons, gamma rays,
charged particles, and sur-
face effects.

For more information: E.A.
Burke, Air Force Cambridge
Research Laboratory, Hans-
com Field, Bedford, Mass.

Western Electronic Show &
Convention (Wescon)

August 19-22

It's the turn of Baghdad by
the Bay to play host as Wes-
con, which alternates annu-
ally between Los Angeles
and San Francisco, heads
north. There will be 625
company exhibits, 100
papers in 23 sessions, and
asession sponsored by Elec-
tronics magazine on the cir-
cuit/systemsinterface prob-
lem. With IC’'s due to hog
the spotlight, the peninsula
will buzz with talk of spider
and beam-lead technology,
the potential of MOS, and
the design of high-power
circuits. Add to that com-
puter-aided design, time
sharing, and university tv
networks—not to mention a
session on the problems of
starting a business — and
you have a typically eclectic
Wescon.

For more information: Wes-
con Office, 3600 Wilshire
Boulevard, Los Angeles,
Calif. 90005

Joint Conference on
Mathematical & Computer
Aids to Design

October 26-30

A new stop on the circuit,
this conference was created
by three scientific and en-
gineering societies. In addi-
tion to contributed papers,
the program committee
plans a series on invited
papers on such topics as
relevant mathematics and
numerical analysis; com-
puter science — graphics,
man-machine interaction,
and formula manipulation;
large-scale systems—urban
and utility; and special top-
ics in design — holography,
optics, high-energy physics,
and aerodynamics.

For more information: J.F.
Traub, Bell Telephone
Laboratories, Mountain
Avenue, Murray Hill, N.J.

Electronic & Aerospace
Systems Convention (Eascon)

October 27-29

You'd expect the military
and space to get most of
the attention, and you won't
be disappointed. But the
conference is also going to
look at the role of technol-
ogy in the problems of our
time. There will be papers
on earth resources explora-
tion by satellite and aircraft,
aircraft navigation and land-
ing systems, pattern recog-
nition, urban problems and
aerospace technology, ter-
restrial and satellite com-
munication and navigation
systems, coding and signal
processing, and lunar ex-
ploration.

For more inform
Gates, Jr., Se
Army for S.E. As
The Pentagon,
383, Washing

International Elec
Devices Meeting

October 29-31

What's it cost
last? These are
tions for 1969. |
ing with traditic
ference will ¢
cover researct
ment, design e
and manufactu
are being solicit
tum electronics:
emphasis on |
grated circuits ¢
ogy; solid state
as Gunn and a
odes and transi;
ing and displ
energy convers
For more inforn
Atalla, Hewlett-
sociates, 150
Road, Palo Al

Northeast Electr:
Research & Engir
Meeting (Nerem)

November 5-7

A big one for the
Nerem will prok
areas: advance
ments in engi
search, and d
and use of com|
cuits, and hard
tary, industrial,
cial equipment



Better safe operating area.”
Rugged reliability.™
Lower lead inductance.™

Type # Vee Put W) @ f (MHz) Gpg (dB) (min)
2N5589 30@ 175 8.2
2N5590 13.6V 100 @ 175 2.2
2N5591 250 @ 175 4.4
2N5635 2.5 @ 400 6.2
2N5636 28V 7.5 @ 400 5.7
2N5637 20.0 @ 400 4.6
2N5641 70 @ 175 8.4
2N5642 28V 200 @ 175 8.2
400 @ 175 7.6

/! balanced emitter transistors in Ceramic Stripline

? A cases.

Thebroad range of output power at VHF/UHF
frequencies for both 12V and 28V designs quali-
fies these devices for a large variety of AM/FM
commercial, industrial, and military applications.
Prices are lower, too, as much as 30% less than
previous BET transistors in 100-up quantities.

The same concern for versatility and breadth
of line shown in these new RF power introductions
is also evident in Motorola’s complete line of
RF transistors, including a full range of small
signal low noise and oscillator devices for an
equally wide variety of applications.

y y
That S MOtorOIa S Detailed new data sheets for the nine types
2N5641 RF Power Transistor_ listed here are available for prompt response to

your inquiry. Information on any Motorola RF
And the 2N5641 is just one of nine new RF power  transistor is available from your Motorola
types that offer the combined benefits of BET+  distributor or sales office.

MOTOROLA

Silicon RF Transistors
P.O. Box 20912

t Trademark of Motorola Inc.
— whene the pricelbss ingrediont & cane!

Motorola Semiconductor Products Inc. Phoenix, Arizona 85036
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Instrumentation

Common-mode rejection ratio:
what the spec sheet doesn’t say

Some critical assumptions, that aren’t always true,
lurk behind test circuits recommended by amplifier makers

By Frederick Gans
IC Metrics Inc., Oceanport, N.J.

“The common-mode rejection ratio is so many deci-
bels; here’s a test circuit if you want to check it
out yourself.” This seems to be what makers of
differential amplifiers are saying on their spec
sheets. Rarely does a maker tell how the ratio
varies with power-supply voltage, temperature or
other parameters. And rarely does he explain how
he designed his test circuit, tell what its limitations
are, and show how large an error the use of a
typical recommended circuit can cause.

For his test circuit, the amplifier maker derives
the equation for calculating rejection ratio by as-
suming that a certain relationship exists between
circuit and amplifier resistances. But this relation-
ship doesn’t necessarily exist, so using it to calcu-
late an amplifier’s rejection ratio usually gives an
inaccurate result. What’s worse, the user has no
way of calculating or measuring how inaccurate
it is.

A better way to find the common-mode rejection
ratio is to measure the common-mode gain and
divide it into the differential gain.

Ideally, a differential amplifier responds only to
the difference between the voltages at its input
terminals

6 = (1 — e) Aq
where e;, e are the input voltages, e, the output
voltage, and A, the differential voltage gain.

But to some degree, all differential amplifiers are

responsive also to the magnitude of the inputs. So
in real life

e = (1 — e) Aa + <e—}e—>Ac

Note that the second term on the right defines
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the error. The voltage (e; + e2)/2 is the common-
mode voltage, and A. is the common-mode gain.
The ratio of A; to A, is the common-mode rejection
ratio, CM,;.

The circuit to the right is typical of those recom-
mended by differential-amplifier makers for meas-
uring CM,,. According to this amplifier’s spec sheet,
a differential amplifier’s CM,, is

CM;r =

where e, is the input to the test circuit, e, is the
output, and R; and R, are resistances in the test
circuit, as shown in the figure.

But using this relationship can lead to serious
errors. How does the maker get this relationship?
His first step is to assume that the input imped-
ances at the amplifier’s inverting and noninverting
terminals are equal, normally a valid assumption.
Then he writes e; and e, in terms of e, and e,,.

e =Kie, — Koo
€y = Kse.

where Kj, Ks, and K; are impedance-dependent
terms, defined on page 118. Using these two equa-
tions and the equation for e, in terms of A; and
A, he draws a signal flow diagram, and uses it to
derive the test circuit’s transfer function.

To here, there has been only one approximation,
equal input impedances. Now he makes some more.
Ay is usually 100,000 times larger than A, so the
term 12A, in the transfer function can go. And A4
is always higher than 1,000 so when K is equal to
or greater than 0.1, dropping the 1 from the denom-
inator of the transfer function introduces an error

Electronics | June 23, 1969



A little too simple

"

AAA
Ve

(K, —K3) Ag + 3 (K, + K3) A

ole
|

14 (Ag + $Ac) Kz

e = Kieg — Kz €o
€y = Kieg
e + e
€0 = (€1 — €2) Ag +(~5 £)ac

e+ 34

(ﬁa2 ~Aqg)

The maker’'s way. To measure common-mode rejection ratio, CM.:, one amplifier manufacturer recommends using
the circuit on the left along with the equation under it. This relation comes from first writing three independent
equations; two are network equations and the third a characteristic equation of the amplifier. (Ki;, K: and Ks are the
coefficients whose values are given in the panel, A. is the amplifier's common-mode gain, and A is its differential
gain.) From these equations a signal flow diagram is drawn out of which comes the circuit’s transfer function, When
certain assumptions, not always valid, are made, the transfer function is reduced to the equation for CM;:.

no greater than 1%. After these two approxima-
tions are made the transfer function is

€ 7(1{1 —Kg) Aa + & (Kl + K;) A,
o Aq Ko

which is still a very accurate representation.
To finally get the equation

R.f €s
il - 7
the maker assumes that

K; = Ks and K: R

B R
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Here’s where trouble comes in. Making the second
approximation won’t introduce much error but
what is the effect of assuming K, and K; are equal?

Let’s examine the approximation more closely.
Instead of dropping (K; — Kj3), use the relation-
ship

I{l + K3 — 21{3

which also says that K; equals Kj, but allows the
carrying along of the difference term. Then

R | BB g
Sl sl

117



The coefficients
(Rt + Zo) Zs
Rx + Zo + Zl
e Re+Zo)Z
f i
[R TR Iz L ]

Rt Z;
Re 4+ Z;

R, Z;
[R‘+ Rs +Zi]

R

Re 4+ Z4
K;

R: Z;
[R TR R + Z; :|

where Z; and Z, are the amplifier’s input and
output impedances, and R and Rs are resxstances
in the test circuit.

K.

R| eo K1 1
R( €s (K_s 5 1) + CM,,

So to find out how valid is the assumptlon that
K, is exactly equal to K», evaluate

Ki/Kq) — 1

and compare it with A./A,.

If the test circuit has 1% resistors, the most that
each of the sets of matched resistors—the R¢’s and
the Rys—can be mismatched is by 2%. So, from
the definitions of K; and K; in the panel, the result
of a 2% mismatch is

K = (Rf + Zo) Zi
Y7 102 R, (R + Zo + Zs) + (Re + Zo) Zs
K, = 1.02 R Z;

R, (1.02 Rt + Z;) 4+ 1.02 Rt Z

where Z; and Z, are the amplifier’s input and out-
put impedances.

To further simplify things, choose R and R so
that Rf = 21/10 and Rs = 21/100.
Then

S 01( )+1 (0.11302)

K T0.102°
g 0.11122 < g* ) + 1.0102 e

If Z, is assumed to be 0, then (Z;/Z,) approaches
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infinity. Therefore

T i 0.1 0.11302
(Zi)Z) — @ K, |\ 0.11122 0.102
= 0.996262
So
(% — 1> =—37.3 X 10

A typical spec-sheet value of CM;, is 80 decibels,
or 10% So when the resistance mismatch of the test
circuit is 2%, and when Z, is 0, then

(Ki/Ks) — 1 = —37.3 X 10~

Now

I