Advanced Communications

Nothing is more vital to the future of our business than the development of advanced
techniques for communication. Communication systems and techniques that now
exist are getting older, and obsolescence comes at a very fast pace. A business like
ours must acquire a reputation for outstanding performance, but in addition we must
retain vital and dynamic leadership by exploiting new products and new technologies
for ever changing markets. In other words, there must be a continuous injection of
new ideas and innovations. RCA has been most successful when we have pioneered
as we did with color TV.

We cannot foresee the future, but we should be able to perceive more clearly and
project more skillfully than our competition can the future significance of the past.
We must create our own future by concentrating upon advanced communications
concepts and technology so that we can leapfrog competition. Those products which
are standard in today’s market must be analyzed in terms of 1970 requirements.
Specifications reflecting those requirements can then be hypothesized, and special
techniques permitting implementation of those requirements can be conceived and
developed. For growth and expansion this is where our future lies.

Techniques and system study contracts, together with well planned internal pro-
grams, will produce new opportunities for RCA with new customers. This is the
basic reason we have initiated the CSD ADCOM-70 program, and a number of the
specific projects included in ADCOM-70 are discussed in this issue of the RCA
Engineer.

As part of one of the world’s most broadly based electronic companies, we in CSD
intend to continue our leadership in support of space and defense communications

in all its forms.

J. M. Hertzberg,
Division Vice President and General Manager
RCA Communications Systems Divisio
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Editor's Note: Electronics gives every indication of be-
coming an industry which affects all other industries in
one way or another. The electronics industry continues
to grow because of the hard decisions made by engineer-
ing managers torn between the competing demands for
profits and for technical progress within their respective
companies. This is the theme developed by Dr. George
H. Brown, in a talk last Fall at an |EEE Tokyo Sec-
tion meeting: his complete speech is published here.
(We have been notified, as we go to press, that Dr
Brown is fo receive, at the |EEE 1967 international Con-
vention and Exhibition in March, the Edison Medal . . .
"for a meritorious career distinguished by significant
engineering confributions to antenna development, elec-
tromagnetic propagation, the broadcast industry, the art
of radio-frequency heating, and color television.")

t is indeed an honor for me to address the Tokyo Section
I of the Institute of Electrical and Electronics Engineers
and the Institute of Television Engineers of Tokyo on my
first visit to Japan. Thirty years ago, I was at a point in my
professional career where I would have considered it appro-
priate to talk in great detail about a variety of directional-
antenna characteristics. Fifteen years ago, I would have con-
sidered it my duty to tell you all about the RCA all-electronic
compatible color-television system. Instead, let me begin my
presentation today by telling you of a disagreeable American
Indian chief who lived over one-hundred years ago in the vicin-
ity of Chicago. Or perhaps he was a legendary samurai who
lived near Kyoto in the ancient days. In any event, he was a
man of great ferocity who terrified the people with his surly
disposition and his skill as a swordsman.

One day, so the story goes, a hapless traveler chanced to
cross his path, which so enraged the samurai that he drew his
sword and sliced the man neatly in two from his head to his
haunches. So clean was the blow, however, and so quickly
administered that the traveler did not realize what had hap-
pened and continued on his way. He remained unaware of
his predicament, in fact, until he accidentally bumped into a
stranger in the next town . . . whereupon he literally fell
apart.

I suspect that every engineering manager must feel a sense
of kinship with this poor traveler, divided as we often are
between the competing demands for profits and for progress
within our respective companies. On the one hand, we must
be concerned with maintaining and upgrading the established
products and services which produce the greatest profits for
our companies. On the other, we must be concerned with
pioneering and introducing radically new products and ser-

-

vices which will assure the future of our companies. If we
fail in either task, we run the risk of bumping into a com-
petitor whose ability to do both tasks well may put us out
of business.

A classic instance of this failure both to maintain estab-
lished product lines and to plan innovations for the future
occurred in the United States in the railroad business during
the 1920°s. The engineering managers of the major railroad
lines were so absorbed in laying tracks and building trains
that they completely forgot their business was transportation,
not railroading. People did not buy trains, they bought the
right of passage to a destination. Thus, when the automebile
came along and then the airplane, travelers switched imme-
diately to these as offering better, or more convenient, or
faster passage. Instead of pioneering these new forms of
transportation, however, the railroads fought them with the
result that railroading, except for one or two lines, is a very
sick industry in America even today.

CRISES IN ELECTRONICS

Turning to electronics, we see that we too, like the railroads,
have had our crises of identity, as modern psychologists like
to put it, moments when we have had to decide what our
mission is.

The first one came in the last half of the 19th century when
the big electric companies came face-to-face with the tele-
graph of Samuel Morse and, soon after, the telephone of
Alexander Graham Bell. These were novel applications of
electric power, but had nothing to do with its generation.
After mulling the problem over briefly, the electric utilities
resolved to forego the chance to pioneer in these new areas.
As a result, a separate industry sprang into being—a com-
munications industry based on electric pulses traveling along
networks of copper wire.

The next big crisis came in 1901, when Guglielmo Marconi
succeeded in transmitting telegraphic information through
the air across a vast ocean instead of over wires. The differ-
ence in the two forms of transmission was not too great,
however, so the new communications industry was able to
adapt itself to wireless, Then Lee DeForest produced the
first triode in 1905 and subsequently showed that not only
dots and dashes but voice and music could be transmitted
through the air. Thus, the companies specializing in com-
munications by wire played an appreciable role in the forma-
tion of the new industry of wireless communications by code
and voice which got under way after 1910. Following the
inauguration in the United States of the National Broadcast-
ing Company in 1926, this latter industry diversified to be-
come a home entertainment medium as well as a communijca-
tions medium. Thereafter, sound motion pictures and the
phonograph were added to round out the concept of enter-
tainment as an adjunct of the communications industry.

The need to provide and service the radios, broadcasting
stations, phonographs, records and motion-picture sound
tracks that were the life’s blood of this novel home-entertain-
ment industry made it inevitable that the industry would
develop a manufacturing arm as well—as indeed it did in the
late 1920°s and early 1930’s. It was during this period that
the electronics industry, as we recognize it today, was born.

DEVELOPMENT OF THE COMPUTER

Oddly enough, the next crisis of identity for our industry did
not come with the development of television, as one might
suppose. This was a logical extension of the home-entertain-
ment concept, employed the same basic techniques as radio
broadcasting, and was a natural, if far more complex, addi-
tion to it. The next crisis occurred, rather, with the develop-




ment of the computer in the late 1940’s. Here was no new
home-entertainment device, but a machine that could store
and process information electronically.

If the tradition set by the electric-power industry in the
1880’s with regard to the wire-communications industry had
been followed, one would have expected the home-entertain-
ment industry to back away from the computer and to have
allowed it to spawn still another quite-separate industry. But
we did not let this happen. Rather, we have adopted it as our
own and are pioneering its development and application with
the greatest vigor.

I firmly believe that our decision to do so represents one of
those profit-or-progress decisions to which I alluded earlier.
It is costing us a great deal to prosecute computer technology
and much of our present profit is going into the effort. I
think, however, that it assures our industry of even bigger
financial returns and even wider social impact in the future.

The decision to retain development of computers within our
industry is only the most spectacular of several similar profit-
or-progress decisions which we have had to make in the past
decade. In fact, we have turned to new ways of making deci-
sions following development of the transistor in 1948.

In the past ten years, we have had to decide whether to
change the components base of our industry from electron
tubes to transistors, and then again from transistors to inte-
grated circuits; whether to enter the low-power field with
products that convert other forms of energy directly to elec-
tric power through such phenomena as the photo-voltaic effect
and thermoelectricity; whether to enter entirely new markets
with such things as powerful magnets based on the phe-
nomenon of superconductivity or office copying machines
based on dry electrostatic processes, and many more. It has
been a difficult decade for engineering management, to say
the least.

CATALYTIC ROLE OF GOVERNMENT

Of course, if I am to be perfectly frank with you, I must
admit that the electronics industry itself has not been com-
plete master of its own fate in these matters. In the United
States, for example, the Federal Government has played a
very important catalytic role in helping us make many of
these decisions. Its space programs, its defense establishment,
its commitments to international cooperation and develop-
ment, and its desire to solve the problems of urban deteriora-
tion, traffic congestion, air pollution, water conservation and
the rest have developed within the nation a ravenous appetite
for technological change and innovation . an appetite
which has prodded us to try new ideas and new ways of
doing things.

Still, we could seek to meet these needs and to fulfill the
terms of the various government contracts that go with them
without ever attempting to convert the new findings and new
techniques so gained to broader social ends. In fact, many
American companies do just that and are quite content to
make the government their only customer. This is not the
case for our industry as a whole, however, especially not for
such large diversified companies as RCA. To us, government
contract work is not a fulerum for our established businesses.

For this reason, I would say that the difficult product’ deci-
sions forced on our engineering management over the past
dozen years have derived not from government insistence but
from an innerchange which, for various reasons, has caused
us to re-interpret our relationship to society, to deepen our
grasp of the physical principles and phenomena on which
our technologies are based, and to discover a new willingness
to innovate and diversify even if such moves threaten to upset
established patterns.

BECOMING A NEW BASIC INDUSTRY

Thus, from an industry that was largely concerned with radio
communications and home entertainment in 1940, we have
become an industry that is concerned with direct energy con-
version, electrical controls, information processing, heating
and cooling, printing, photography, medicine, education and
a host of other human activities too numerous to mention. In
fact, I believe that electronics is well on its way to becoming
a new basic industry from which all other industries will
derive or on which all will depend for their existence.

One easily gathers this impression by realizing that what
J. J. Thomson really discovered in 1897 was not the electron
so much as that all matter is electronic; that matter consists
of positive and negative charges that can be thrown out of
equilibrium and made to do work. This insight was later
deepened by Planck, Einstein, Schroedinger and others to
account for almost all known physical effects that occur in
nature except those stemming from nuclear processes.

As you know, we built our whole industry on this one tiny
insight. For a long time, however, we could not figure out
how to use electrons in their natural locale—on the surface
or deep in the bulk of various elements. So we began the
practice of boiling them off into a vacuum where we could
get hold of them with electric and magnetic fields. Of course,
this denied us access to the full spectrum of phenomena to
which they can give rise in their natural habitats. But, even
s0, it gave birth to radio, television and radar, not to mention
the electron microscope.

Not that we failed to realize what we were giving up. We
knew but we had not as yet developed our knowledge of
materials and materials-processing to a point where we could
tailor matter to produce all the useful effects we sought. The
first successful commercial attempt to do so, I would say,
led to the thin-film photocathodes and zinc-sulfide type phos-
phors which brought television into being in the late 1930’s.

THE DECADE OF DECISION
However, our ability to exploit the electronic nature of matter
in all its variety did not really come until the development
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of zone refining of semiconductor crystals in the late 1940’s
and the elaboration of the hole-electron theory in solids. It
was at this point that the decade of decision began for the
electronics industry.

Our first decision, of course was whether to transistorize
all electronic equipment, or as much of it as we could. Con-
comitant with that was the question of whether to begin phas-
ing out our traditional electron tube technology. Eventually,
as you know from your own experience here, it was decided
to take a middle course and let transistors seek their own
level. Where they proved superior to tubes either for tech-
nological or economic reasons, we retired the tubes. Where
tubes were superior, we held on and strove to make them even
better. This is still pretty much our policy even today.

A far more basic decision that had to be made, however,
was whether research and new-product engineering were to
be maintained in both the tube and transistor areas, or
whether they were to be confined wholly to the latter. This
was a difficult decision to make, as much for human as for
technological reasons. Eventually, RCA voted in favor of the
transistor as did most electronics companies.

As it turned out, this decision led RCA to a complete re-
direction of its research and development efforts, For exam-
ple, we expanded our materials research substantially and
began rapidly to build a strong staff of solid-state theorists,
physicists, metallurgists and chemists. It was during this
period also that we opened our research laboratory here in
Tokyo as part of an effort to extend our studies of the be-
havior of electrons in solids.

THREE NEW MARKETS

Not content to simply put us in the solid-state business in
markets where we enjoyed a strong sales position—in com-
ponents manufacture, home instruments, computers, and radio
and television broadcasting and transmission equipment—this
new staff began to find new materials and new phenomena in
such profusion that it seemed we should go out of business
just trying to enter all the new markets that were promised.
To give you some idea of what I mean, let me mention just
three of the new markets into which we have now plunged
as a result of these incredibly fertile efforts.

In 1955, a materials research effort at RCA Laboratories in
Princeton, New Jersey, led to a technique for incorporating
zinc-oxide powders in a specially prepared paper such that
electrostatic reproductions of almost any document could be
made on it in either black-or-white or color. This work
helped to lay the foundations for a vigorous business in office
copiers.

In 1960, another materials effort at RCA Laboratories
brought into being a vapor-phase transport process for laying
down thin films of niobium-tin on a stainless steel ribbon.
This seemed like a most unlikely technology until our Elec-
tronic Components and Devices organization—formerly a
manufacturer of electron tubes almost exclusively—decided
it might be used to good purpose in the manufacture of
superconductive magnets. After two years of product devel-
opment, RCA is now a leading manufacturer of such magnets
and recently produced one that provides a 137,000-gauss field
in a bore 1.9 inches in diameter.

Finally, still another solid-state research effort conducted
at RCA Laboratories led to the perfection of a whole new
family of field-effect semiconductor devices known as MOS
transistors. They control the flow of current by the applica-
tion of voltage in the classic tradition of the electron tube.
It now looks as though these devices, in integrated form, may
find immense markets in the home-instrument and computer-
memory fields.

These are only three of our most promising recent develop-

ments. All have grown out of cur solid-state research efforts.
To them could be added the perfection of a germanium-
silicon alloy with the highest figure of merit for producing
electric power from heat, a vapor-phase growth process for
growing reliable high-performance gallium-arsenide devices
for the first time, and a novel technique for doping silicon
solar cells with lithium so that they become virtually invul-
nerable to the destructive effects of the Van Allen radiation
belts above the earth.

I should like finally to mention the laser, probably the most
stunning and unforeseen achievement of what I should like to
call the new electronics. Nothing illustrates so dramatically
the power of research generally and of solid-state research
in particular to produce surprises of far-reaching importance
in the electronic field than the development of the laser. Iis
ability to generate coherent light across the spectrum in
either pulsed or continuous mode and over a respectable
power range has caused us all to consider it seriously for use
in a number of areas where radio waves or electron beams
would have been used before. Of course, this has also hurt
the laser a bit since the technologies for using radio waves
and electron beams are already well established.

Nevertheless, we have had to respect its potential. And,
even as we have begun to see special applications where it
might prove competitive, research has recently found an alto-
gether unique application for which it alone is suited—
holography, the new technology for using coherent light to
produce interference images including those that can be
reconstructed in three dimensions. Suddenly, research has
catapulted electronics into yet another field outside its tradi-
tional domain—the field of visible optics. In fact, I expect
lasers and holography to open vast new markets to our indus-
try in the next decade.

ACQUIRING A NEW MATURITY

In summing up, I should like to remind you once again that
as engineering leaders and managers in the electronics field
we are very much like the traveler who met the samurai in
the old legend. Our role has been neatly divided into two
distinct responsibilities. The first is to help our companies
make a profit. The second is to help them make progress.

During the years when the electronics industry was emerg-
ing from the telegraph and telephone industries which, in

_turn, had grown out of the electric power industry, it acquired

a unique but somewhat restricted character centered on the

. technologies of radio communications and home instruments

manufacture including television. Later, it acquired still
another facet with the invention of the digital computer and
its entry into the field of data processing.

Following achievement of a practical semiconductor tech-
nology in the late 1940’s, however, and the rapid spread of
its effects into all phases of electronics, our industry has
acquired a new maturity. This is shown, in part, by the
moves we have made to re-interpret our role in society, to
deepen the intellectual content and sophistication of our
products, and to innovate and to diversify our efforts in order
to meet the mushrooming demands of society.

As a consequence, we have become richer, healthier and
more influential than ever before in our history. In fact, we
give every indication of becoming a new basic industry on
which all other industries will eventually depend in one way
or another.

Like the Prince in the Lady Murasaki’s books of long ago,
electronics has progressed over the past fifty years from an
improvident but charming youth of broadcast antics and
home-entertainment escapades to an adulthood of the widest
possible interests—a change which may yet make it the key-
stone of all the industries.




THE CSD IDEA LABORATORY

Ideas may develop gradually over long periods of time or they may blossom
spontaneously and unexpectedly. Regardless of how or when ideas or hunches
emerge ready for evaluation and fest, the innovator requires laboratory space,
time, support services and encouragement. This paper tells how CSD’s Idea Lab
provides these necessities for its engineers.

N defense electronics, fierce competi-
I tion is the watchword. This challeng-
ing competition from many electronic
manufacturers is the driving force be-
hind a continuous technological race
pushing the limits of the state-of-the-art.

The race affects all areas of technol-
0gy, but very often a single technique or
device will forge ahead and promise to
outstrip and even replace competitive
equipment. For example, the military
currently is interested in ultra-portable
personal communications gear, movable
microwave centers, and computerized
switching for entire communications
networks.

INNOVATION IS ESSENTIAL

Such concentration of customer interest
demands a corollary concentration of
effort on the part of the defense indus-
try. One of the prime attributes of any
defense-oriented engineering activity is
its ability to innovate. 1f there is one
thing that will make an engineering
organization fall behind the competition,
and even decay, it is lack of innovation.
Innovation, while it can be fostered by
management, must spring from the cre-
ativeness of the individual engineer. To

Final manuscript received December 8, 1966.

*Mr. Shore was Chief Engineer, Communications
Systems Div., when he wrote this paper.

Fig. 1—"Opening day'’ at the CSD idea Lab.

D. SHORE, Chief Defense Engineer™

Defense Electronic Products, Camden, N.J.

be truly eflective, an engineer must con-
tinuously fan his spark of creativity.
About one in ten of all employees in
CSD is an engineer actively engaged in
the design of military communications
electronics. The employment of the
other nine depends, in 2 large measure,
on how well that engineer does his job.
Innovation and creativity are major fac-
tors of our success.

Obsolescence

Engineering obsolescence has been a
concern in Communications Systems
Division for some time. Sometimes it
occurs because the engineer does not
continuously expand his knowledge.
Then too, the dictates of his job require
concentrating within the narrow con-
fines of a highly-specialized engineering
regime. Premature obsolescence con-
tinues to be a major deterrent to effec-
tive creativity.

Continuing Education

The processes of continuing education
include, of course, the technical litera-
ture and symposia. A comprehensive
after-hours program of technical courses
is attended by many CSD engineers.
More than a third of all CSD engineers
are currently enrolled in one advanced

mathematics course. CSD also conducts
an in-plant lecture series at which engi-
neers can learn about emerging tech-
niques from individuals concerned with
the development of the technique.

CSD ENGINEERING STRUCTURE

Engineering in CSD is structured to re-
lease the engineer from the more routine
operations normally associated with his
prime work of creating new and beiter
electronics. Support services and direct-
support personnel, such as technicians,
draftsmen and technical writers, con-
stitute a large percentage of the Engi-
neering Department personnel. They
free the individual engineer to exercise
the creative side of his skill.

CSD’s Engineering Department is or-
ganized on a project team basis. The
individual engineers are assigned to
work in a particular regime until the
specific project is completed. The engi-
neer’s reassignment may then take him
into another area of endeavor, contribut-
ing to a constant broadening of his
capability.

A LOSS OF CREATIVITY

In certain instances the good ideas of
some engineers have been going to waste.
This happened for a number of reasons,
some of which are listed here:

1) The idea lost out in competition for
funds because other ideas were better
—or had better substantiation. Often
a modest amount of experimentation
might have proven or improved the
value of the idea. But no mechanism
existed for carrying out that experi-
mentation.
The creator of the idea might have
gotten out of touch with specific tech-
nological advances such as integrated
circuits, so he was diffident about
proposing the idea for fear of appear-
ing foolish.

3) The idea was outside the product line
of Communications Systems Division
and therefore not coincident with
Engineering Department plans.

2
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Management and individual engineers
have been trying for years to overcome
these and other creativity constraints.
Individual engineers tried experiment-
ing at home. However, our complex




technology very often requires much
highly-specialized test equipment to
evaluate results. So the home do-it-
yourselfer was hampered, to say the
least.

Unrelated ldeas

For ideas that appeared to lie outside
the Communications Systems Division
product-line charter, management ordi-
narily had but one choice to make.
Effort was discouraged; and in no event
could it be funded. Sometimes ideas
were also lost because management
didn’t always have the clear vision
granted to the inventor on where an idea
could lead had it been pursued.

“TLC” Needed

Ideas—it has been said—are a dime a
dozen. Certainly there has been no
dearth of ideas in the communications
profession. Any brainstorming session
offers proof that this tfenet applies
equally in all fields of endeavor. One of
the most important ground rules for
brainstorming is that no idea be evalu-
ated or spoofed prematurely. This is
because ideas—especially the most ad-
vanced ones—are like very delicate flow-
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Mr. Shore was appointed Chief Engineer of the
Communications Systems Division in Camden and
in December, 1966 was appointed Chief Defense
Engineer, Defense Electronics Products, RCA, Cam-
den, New Jersey.

ers. They wilt in cigar smoke—and are
sometimes soluble in pure logic. It takes
tender loving care (TLC) to translate an
idea—a thought—into an innovation or
an actuality.

ENTER THE “IDEA LAB”

To help provide TLC for innovation and
to offset creativity constraints, CSD En-
gineering Management established the
Idea Lab (Fig. 1) in 1966. The Idea
Lab is envisioned as a complete elec-
tronics engineering shop where members
of CSD’s engineering department can
work on their own ideas, at their own
pace, on their own time. In the Idea
Lab, each participant can cultivate his
idea at no sacrifice to the extremely
important day-to-day task of supplying
our government with its military com-
munications.

The need for some restraint was im-
mediately apparent. The basic purpose
of the Idea Lab would be defeated if
every member of the engineering staff
crowded the lab with all kinds of ideas,
to the detriment of some truly fine ideas.

The restraints adopted are minimal.
Unsound notions such as perpetual
motion are discouraged. Then too, the
idea must be generally related to the
business areas in which Communications
Systems Division is chartered. Since the
CSD product line includes radios, com-
puters, switching systems, magnetic re-
corders and television systems as well
as many of the incidental mechanical
devices, only in a few isolated cases has
it been necessary to make a liberal inter-
pretation of the charter.

ADVISORY BOARD FORMED
A Senior Staff Engineer, Dr. T. T. N.
(Nels) Bucher, was chosen to organize
and direct a review board and operating
committee for the Idea Lab. Dr.
Bucher’s competence and forward-look-

ing basic outlook is understood and
respected by the members of the entire
CSD engineering organization. He as-
sembled the Idea Lab Advisory Board.
Its members are leaders and engineers
from each of our major groups, carefully
chosen for their initiative and creative
abilities.

The Advisory Board established the
basic operational rules for the Idea Lab:

1) An engineer with an idea to pursue
fills out a single page application list-
ing the pertinent data on his idea.

2) The Advisory Board selects projects
(Fig. 2) on the basis of applicability
to divisional product line, magnitude
of effort or support required, and
availability of facilities.

3) An engineer with an approved idea
works in the Idea Laboratory at his
own pace on weekday evenings (until
10 p.m.) or during the day on Satur-
days.

4) At the conclusion of his program the
engineer submits a two-page report of
his accomplishments or findings.

The application form and operating pro-
cedures (Fig. 3) are designed for sim-
plicity. The committee felt that ideas
should not be smothered by administra-
tive detail.

The Advisory Board prepared and
distributed the applications (Fig. 3).
The engineers responded and the Board
reviewed all the applications for ap-
proval. Remember that the Idea Lab
Advisory Board, too, is composed of
engineers and engineering leaders who
still have their day-to-day work to
perform.

SETTING UP THE LAB

The Advisory Board also had to physi-
cally set up the Idea Lab. The site was
selected and equipped with benches and
cabinets. A full range of diverse power
supplies was made available. Hand tools
were procured quickly. A little more
difficulty was encountered in acquiring

Fig. 2—The author {David Shore, with pipe, then CSD Chief Engineer) during an [dea Lab planning session with (clockwise), T. T. N. Bucher, J. L. Deppe,

R. A. Howell, M. Rosenblatt, and H. Knoll.
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Fig. 3—Idea Lab application form,

test equipment. Environmental equip-
ment so necessary for the true evaluation
of new eletronic and mechanical
devices rounded out the permanent
facilities.

Stock bins were installed, and filled
with resistors, potentiometers, capaci-
tors, choke coils and hardware. Stock
also included standard size chassis and
blank circuit boards. A CSD Engineer-
ing budget allocation was made to set
aside funds for special purchases by the
Idea Lab Advisory Board. Such pur-
chases might include special tools, elec-
tronic components, and various sophis-
ticated metals or plastics required on
specific idea projects.

Within weeks, the Idea Lab was fully
implemented and formally opened by
our Division Vice President and Gen-
eral Manager, Mr. Joseph M. Hertzberg
on May 2, 1966 (Fig. 1).

A short time later, the entire process
was repeated in CSD’s Advanced Com-
munications Laboratory at 75 Varick
Street in New York City. One major
innovation was made in the ACL Idea
Lab, however. Some of the New York
engineers wanted to work on their Idea
Lab project during their lunch period.
Apparently this serves the dual purpose
of working on ideas and batiling the
corpulent bulge simultaneously.

TYPICAL IDEA LAB PROJECTS

Both CSD Idea Labs are now function-
ing. The typical idea projects (Figs. 4
and 5) described below illustrate the
type of ideas being pursued.

One idea concerns a 16-level am, 9.6-
kilobit/second wire-line modem. The
objective is to increase the amount of
useful information which can be trans-
mitted. Using spare modules, a few
additional parts and a liberal helping of
personal ingenuity, the idea proposer
will explore the {feasibility of his
approach.

C. Atzenbeck, CSD engineer, New York.

One engineer stated he had been wait-
ing 18 years to prove a theory of his
regarding selection of thermally coex-
pansive materials in gear trains. In 1948
he actually designed a gear train using
various materials of complementary
thermal coefficients of expansion. This
train required no idler gears to compen-
sate for changes in temperature. He was
going to experiment and document his
findings after his retirement from busi-
ness; but, now he is proceeding with
this work in the Camden Idea Lab.

An idea proposer had a suggestion for
a contactless frequency selective relay.
This enthusiast had tried at home to
prove that the idea was feasible. Now
with the Idea Lab he has management’s
help (regardless of lack of an active
project budget)—and best wishes—to
do just that.

Another idea concerns a computer
program for a delay optimized filter.
In line with the ever-growing use of
computer-aided design, a shared-time
computer console has been made avail-
able for this idea and others like it.

Idea Lab programs also include:

1) Dual feedback demodulators
2) MOS array experiment

3) Analysis of an information storage
and retrieval system for engineering
design data.

One pregram is being conducted by a
nine-man team to provide the benefits of
advanced technology (and an objective
point-of-view) for the field of medicine.
As electronically oriented engineers,
these men lack medical knowhow. For-
tunately an RCA arrangement with
Hoffman-LaRoche, Inc., plus the sup-
port of Jefferson Memorial Hospital per-
sonnel provide this essential ingredient
to our team.

These are representative programs.
The participants include inventors,
analysts who want to put the rivets in

Fig. 4—Programmable logic idea by S. Krevsky, left, Chairman of New York Ildea lab, and

their own dreams, men who want to get
up to date in technology, and heretofore
frustrated humanitarians.

CONCLUSION

All the Idea Lab engineers have one
objective in common; they are working
hard at self-improvement. The Idea Lab
affords enginering management an ex-
tremely valuable, personalized means of
participating in that improvement.

There may not be a single, busi-
ness-oriented idea that bears fruit in
the Idea Lab. But every idea is a good
one. The hest idea in the Idea Lab is
that every participant will grow. There
is no better way for an organization to
advance than through the growth of its
individual members.

Fig. 5—9.6 kilobit modem idea by D. P, Good-
win (left) and G. Meslener CSD, engineers,
New York




ADCOM-70

Advanced Communications for the 1970'’s

ADCOM-70 is the program adopted by the Communications Systems Division
to enable CSD to enlarge its share of the military communications market in
the 1970's. The comprehensive program affects all areas of the division includ-
ing the organization of its Engineering, Marketing and Manufacturing activities.
In ADCOM-70, major emphasis is put on the development of advanced tech-
niques that will make CSD's products unique in the 1970's.

HE Communications Systems Divi-
Tsion has adopted a comprehensive
program designed to foster substantial
growth for the division. Called
ApCom-70—ADvanced COMmunica-
tions for the 1970°s—the program affects
all areas of CSD operations. Iis objec-
tive is to enable CSD to leapfrog the
state of the art in developing major
products for the military communica-
tions market in the 1970’s. Added to
CSD’s normal business, the new
ApCom-70 products will provide the
impetus for the projected growth of our
division.

In establishing ApCom-70 late in
1965, we identified four types of com-
munication equipments that would bene-
fit most from the ApCom-70 efforts.
These are: 1) Microwave/Tropospheric
Scatter/Frequency Division Multiplex;
2) Military Information Data System;
3) Small Advanced Radio Sets; and 4)
Data Communications Units.

In 1965, our planning data indicated
we would maintain a business level of
between 100 and 120 million dollars per

Final manuscript received January 6, 1967.

JOSEPH M. HERTZBERG studied Electrical Engi-
neering at the University of Michigan before join-
ing the Stromberg-Carlson Corporation in 1930.
During World War 1l, he was active in the man-
agement and technical coordination of numerous
Air Force communications, radar and navigation
programs. He was awarded the Legion of Merit
and the Order of the British Empire for his war-
time services. Mr. Hertzberg joined RCA in 1945
as a Senior Communications Engineer. Within two
years he was appointed Aviation Marketing Man-
ager. In 1951 he became Assistant to the Manager,
Government Marketing; in 1955 Manager, Airborne
Systems Department, Defense Electronic Products;
in 1957 Manager, Defense Marketing; and in 1958,

J. M. HERTZBERG

Division Vice President and General Manager

Communications Systems Division

DEP, Camden, N.J.

year through 1970. This is a pretty good
business level in anybody’s book, but we
were not satisfied that this represented
as large a share of the market as we
could obtain if we did our sales engi-
neering and production work well.

THE ORGANIZATION

After months of functional analysis of
our business and our organization, we
evolved a new organizational concept for
the major operating elements of the divi-
sion. Engineering and Marketing were
reorganized as of Feb. 1, 1966, around
four major product lines—Light Commu-
nications Equipment; Heavy Communi-
cations Equipment, Digital Communica-
tions Equipment; and Recording and
Television Equipment. Manufacturing
was realigned two months later.

The Marketing Department (Fig. 1)
now includes individual sales and con-
tract administration functions in each
of the four major product line areas.
Additionally, a business planning group
reports directly to the Division Vice
President, Marketing. This planning
group is structured along product lines.

Vice President, Defense Marketing. [n 1957, he re-
ceived the RCA Victor Award of Merit. During
1960 and 1961, he was with the Philco Corporation
as Vice President-Marketing, Government and In-
dustrial Group. He rejoined RCA in 1962 as Divi-
sion Yice President, Defense Marketing, In 1965, he
was appointed to his present position as Division
Vice President and General Manager, Communica-
tions Systems Division. Mr. Herfzberg is a licensed
amateur radio operator. He is a member of the
Air Force Association; Armed Forces Communica-
tions and Electronics Association; American Ord-
nance Association; Association of the U.S. Army;
American Society of Naval Engineers; and [EEE.

The Engineering Department (Fig.
2) has the same four major product line
areas. The similarity in Marketing and
Engineering organization fosters better
communications between these “business-
oriented” organization who work to-
gether in “business teams.”

BUSINESS TEAMS

In each of the four product-line areas,
we have established a “business team”
made up of functional groups of market-
ing men, engineers and production
specialists. Each man on a team is
selected for his ability to think in terms
of the overall team objective rather than
of problems solely in his specialty area.
Further, each man has learned to think
not only of today’s task, but also how
that task relates to the technology, the
customer, and the market of the 1970’s.
The business teams for the four major
product areas are composed of special-
ists and supported by other specialists.
The special actions and functions are
done by a specialist but always as a
member of the team.

The goal of each of the four major
product teams can be stated simply: To




CSD MARKETING DEPARTMENT
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Fig. 3—CSD manufacturing organization.

develop an advanced product in its
product area.

For example, the sales manager of the
light communications team provides in-
formation on the customer’s current
needs and the field communications
radios currently in use and in develop-
ment. He, the engineers and the light
communications planners then evaluate
our current light communications prod-
ucts against projected 1970 criteria. The
production specialist contributes his esti-
mates on the producibility of the prod-
uct. The contract administrator adds to
his knowledge gained from an intimate
day-to-day working relationship with the
customer.

The team correlates all of its inputs,
estimates the normal advance in tech-
nology, and establishes a normal evolu-
tionary product for the 1970’s. This
product is then evaluated on the basis of
the customer’s stated and anticipated
needs. Anticipated technological break-
throughs or those necessary to make our
competitive position unique are then
discussed with advanced technology
engineers and planned into the program.

After having done this thinking on the
most promising products, the team
comes to a major decision point. To-
gether, the team members:

1) Select specific targets and establish
specifications.

2) Determine the technical objectives and
schedule their accomplishment, includ-
ing basic milestones and decision
points.

Fund the program and assign the
people to pursue the objectives.

4) Obtain supplementary customer sup-
port, through study contracts, ad-
vanced technique contracts, and design
contracts.
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Monitor the program and revise if
necessary.

PROJECT IMPLEMENTATION TEAMS

When a project or contract is undertaken
by CSD, a project implementation team
is set up, one for each job. These teams
are continuously tailored to the changing
requirements of the job.

Each project team has a leader who
has the maximum practical authority
over all elements of effort on his job. He
has assigned to him, both functionally
and administratively, the personnel he
needs to fulfill the job requirements;
these include engineers—design, test,
reliability, maintainability, etc.—techni-
cians, draftsmen, technical writers,
administrators, cost analysts, etc. This
team is located together and works
together to get the overall job done.
When a team member completes his
work on the project, he goes to a new
team or returns to his technology or
engineering integration group for reas-
signment. While assigned to a project
implementation team, each specialist
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receives direction on job standards and
techniques from his technology group
or engineering integration group, as
applicable.

The project implementation teams also
are classified into the four CSD product-
line areas. In Engineering, each of these
product line areas is headed up by a
manager (Fig. 2) who has two deputy
managers—one for technical control and
the other for business control—to sup-
port him in running his product line.

SYSTEMS ENGINEERING GROUP

We have established a Programs De-
velopment group to analyze customer
needs and to concentrate the resources
of CSD engineering in our new business
efforts. This group is composed of a
cadre of specialists in applications engi-
neering, proposal management, man-
agement methods, product planning,
publicity and presentations. We recog-
nize that new business, in addition to
design and production contracts, must
take the form of development and feasi-
bility programs. The programs Devel-
opment group is flexible so that per-
sonnel can shift with projects from
initial precontract phases to the pro-
posal and subsequently into design, pro-
gram management, or production.

SYSTEMS ENGINEERING

The CSD systems group becomes in-
volved in programs in the early stages
of the material acquisition cycle, starting
with the operational requirements and
continuing through concept formulation
and program definition. The group’s
technical effort may include system
design studies and analyses concerned
with mission parameters such as opera-
tions, threat, survivability, vulnerability,
maintain ability, logistics support and
mission relationships as well as trade-off
analyses among system parameters. In
the course of this effort, the systems
group uses the information gained to
guide the development of new, or the
modification of existing, CSD equipment
to meet proposed specifications. The
systems group also prepares data to be
presented to the military customer so
that future specifications will take into
accord advanced developments achieved
by our division.

The systems group works closely with
the advanced technology, product devel-
opment and manufacturing groups dur-
ing the early phases of a program.

Wherever possible the systems group
obtains contractual coverage for its
effort. This allows CSD to become a
“partner” with customers in potential

new programs and helps us conserve
scarce internal funds.

ADVANCED COMMUNICATIONS

TECHNOLOGY
Another area of specialized engineering
endeavor is that of providing the new
technology to enhance today’s product
and to ensure tomorrow’s. This new
technology (and “business-team” parti-
cipation regarding it) is in the province
of the Engineering Department’s
Advanced Communications Technology
Group.

This group maintains our Advanced
Communications Laboratory in New
York City where almost 100 engineers
are responsible for advanced techniques
and for the synthesis of advanced con-
cepts. Additionally, the Adavnced Com-
munications Technology has engineers
located at the “grass-roots” with project
implementation teams. These men serve
the dual purpose of getting the advanced
technology into projects, and bringing
the recurring day-to-day engineering
needs to the attention of the advanced
thinkers.

MANUFACTURING

With all this advanced thinking, what of
the men who must put the rivets in our
dreams, The Camden plant, (CSD Man-
ufacturing), has for over 20 years been
one of the world’s largest producers of
military communications gear. How
does this tremendous facility fit into
ApCom-707

The organization (Fig. 3) was ad-
justed slightly for ApCom-70. Produc-
tion orders at hand for back-pack radios,
field radio repeater stations, and the like
presently total over $117 million, so you
can see that we are not kindly disposed
to any sweeping organizational changes.

However, this load together with anti-
cipated contracts indicated that addi-
tional plant space and additional per-
sonnel would be necessary. In the year
since October 1965 our force of produc-
tion personnel increased to over 5,100
people. Along with this, an expansion
and refurbishing program unparalleled
in Camden Plant history has been pro-
ceeding according to plan.

In the latter part of 1965 we trans-
ferred our white room production facili-
ties from the Cambridge plant to Cam-
den. Here we have built up a relatively
high production rate, and we have per-
formed on schedule, within planned cost,
and with high quality.

We have continued to improve our
printed-circuit production area, to serve
not only our own needs, but also those
of various other elements of the cor-
poration.

Automatic test equipment for inte-
grated circuits, automatic wire-wrap
machinery and even small item assembly
conveyor lines are but a few of the items
contributing to the “new look” in
Camden manufacturing.

The manufacturing operation main-
tains a well-rounded model shop occupy-
ing over 40,000 square feet and staffed
by more than 600 well qualified person-
nel. This model shop not only handles
short run production jobs but also builds
breadboards and prototypes of the prod-
ucts for the 1970’s.

Each of the major operating manufac-
turing units (i.e. fabrication, printed cir-
cuit and equipment assembly) main-
tains its own short-order capability. This
permits the performance of short-run
tasks without disrupting the flow and
scheduling of the day-to-day operations.

ApCom-70 plans for production of the
products of the 1970’s are on schedule.
More importantly, manufacturing per-
sonnel, especially those participating in
the business teams have accepted the
challenge. They too are looking forward.

SUMMARY

ApCom-70 was inaugurated to fill the
need for innovation, and we have struc-
tured our organization to accommodate
the Apcom-70 concept. How effective
have the organization and the AbCom-70
concept been?

You can judge that for yourself, some-
what, by reading some of the other arti-
cles in this issue. You will notice, I'm
sure, an across-the-board representation
in techniques, in fields of interest, and
even in the responsibility levels of our
CSD authors. Mechanical engineers,
electrical engineers, program managers,
and our former Chief Engineer have
articles published in this issue. Each
has discussed his own field; but through
his own field each has added to the
whole.

ApCoM-70 concept is progressing in a
quite similar fashion. Each unit of the
organization is contributing. The people
that make up the organization are con-
tributing not only to the product for
today, but to the technology from which
the product of tomorrow will be drawn.

ApComM-70 led to a significant and
substantial change in our division. This
change is more than a mere organiza-
tional shuffling of people. The role and
function of almost every job has been
basically altered.

The contributions of the people have
made CSD a truly synergistic organiza-
tion in which the whole is more than the
sum of its individual parts.




INCREASING SPACE TT&C CAPABILITY
Telemetry, Tracking, and Command Communications

Space telemetry, tracking, and command (called collectively "TT&C") includes
all those space-system communications functions other than the familiar ones
in which a satellite (for example, like TELSTAR or RELAY) acts as a traffic
relay between ground stations. This paper concentrates on a review of the
TT&C technology, with emphasis on requirements of the 1970's for earth-
orbital, lunar, and planetary missions, both manned and unmanned. The main
technical challenge is to increase TT&C capabilities with less—or at least no
additional—burden to the spacecraft. To accomplish this, RCA efforts are
focussed on microminiaturization of spacecraft TT&C equipment, new concepts
and techniques for both spacecraft and ground-station equipment, and means
for dealing with re-entry plasma problems.

HAT is TT&C? The term space

communications is commonly used
to include all types of radio-frequency
information interchanges between space-
crafts, as well as between spacecrafts
and earth. Such exchanges fall into two
general categories: 1) the space vehicle
acts as a traffic relay between ground
communication stations (overseas 1v,
etc.) ; or 2) the spacecrafts or their sub-
systems act upon the information either
as an originator (telemetry-communica-
tion), or as a coherent relay (tracking),
or as a recipient (commands-communica-
tion) —which we can call, collectively,
TT&C. Included in TT&C are the fol-

lowing communication functions:

1) Telemetry, including data condition-
ing, coding, and multiplexing.

2) Command, including data-reception
demodulating and decoding.

3) Tracking, including any active con-

tinuous wave or pulse transponding

to ground as well as on-board RF

interrogation.

Voice communications, including pro-

vision for vehicle-to-vehicle as well as

extravehicular-to-vehicle exchanges.

5) Intercommunications, limited gener-
ally to intravehicular voice communi-
cations between crew members of
manned spacecraft, but may also in-
clude data interchanges where select-
able terminals are involved.
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The satellite which performs the traffic
relay function must also be monitored,
commanded, and tracked from the earth,
and will generally be provided with a
TT&C function separate from its traffic
relay function.

Final manuscript received November 16, 1966.
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THE CHALLENGE OF THE 1970'S

Spacecraft are being or will continue
within the next two decades to be built
for three general mission classes: 1)
earth orbital, 2) lunar, or 3) planetary.
Each of these missions subdivide into
manned and unmanned subclasses, and
further subdivide into experimental-
exploratory and military-operational sub-
classes. For our purposes, experimental-
exploratory subclasses will include
spacecraft that may already be devel-
oped, but whose mission equipment is for
experimental or exploratory purposes.
The military-operational subclass would

include those spacecraft which have been
developed and whose mission equipment
is both developed and essentially un-
changed. Of course, many military-
operational spacecraft must move
through the experimental phase prior to
achieving operational status.

The classification of some of the cur-
rent as well as possible future programs
during the 1970’s is shown in Table I.

From a telecommunications stand-
point, the mission classes are significant
from three standpoints:

1) Distance or range as a function of
mission phase.

TABLE I—Current and Future Programs

Currently in Use

Planned or Possible

Class Subclass or in Development Notes 1970-1980 Notes
Earth Orbital Unmanned Experimental- Nmeus, Oco — lifting bodies 1
Exploratory
Unmanned  Operational - TrIros-Essa, SaMos — weather, navigation, —
Military communications
Manned Experimental GEMINI, MoL-Aap 2 med. to lg. orb. labs
> Manned Operational — — manned observatories —
Lunar Unmanned Experimental Orbiter, Surveyor — Lem Truck 4
Unmanned Operational — — Lunar logistic vehicles —
Manned Experimental MoLas 5
Manned Operational — — Lunar base -
Planetary Unmanned Experimental Pioneer/Mariner — VOYAGER —
Unmanned Operational — — — -
Manned Experimental — — Mars mission module —_
Manned Operational — — —_ —

NOTES: 1) “Winged’ re-entry vehicles, unpiloted
2) MoL—Air Force Manned Orbiting Laboratory

4) Unpiloted lunar delivery vehicle
5) Lunar Mobile Laboratory

3) 6 to 36 man space stations may use piloted

“winged’’ re-entry vehicles
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Fig. 1-—S-band down-link performance.

2) Communications traffic as a function
of mission phase.

3) Position determination accuracy re-
quirements.

The maximum distances for each mission
class can be defined approximately as
follows:

1) Earth orbital: 22,000 nmi (synchro-
nous orbit)
2) Lunar: 250,000 nmi
3) Planetary: 37 million (Venus) to 47
billion (Pluto) nmi

For our purposes, we can generalize mis-
sion phases as follows:

1) Launch

2) Parking orbit (may be final orbit)

3) Transfer (to final orbit)

4) Midcourse (for lumar and planetary
missions)

5) Lunar or planetary encounter, orhit
and exploration (may also be fly-by)

6) Return

7) Retransfer to parking orbit (primarily
for manned systems)

8) Re-entry and recovery (primarily for
manned systems)

Within the 1970’s, all launches and
recoveries will be done on earth. Thus,
all spacecraft will have an initial phase
where the traffic load for purposes of
checkout and monitoring will be quite
high but the distances are those for earth
orbital. Similarly, a returning probe will
likely wind up on earth orbit prior to
re-entry and recovery. Thus, data which
was not sent during the other phases
could be sent during this period. As is
the nature of the experimenter, the
highest traffic demands fall upon the
telemetry information. Were it not for

lished very early im space research that
close control from earth (which would
have required a high command traffic
load) was impractical for a number of
reasons, mainly the problem of keeping
the ground computation elements fed
with data that had to be sensed in the
spacecraft. A 1 kbit/s command rate is
typical of earth orbital and lunar sys-
tems, while 1 bit/s has been found satis-
factory for planetary missions. In the
command case, the higher data will also
be used for near-earth phases of plane-
tary mission systems.

Military systems are plagued by a
requirement to attempt to operate in a
hostile environment, including enemy
eavesdropping and electromagnetic jam-
ming. The need in this case is for the
maximum obtainable protection.

Data communication between space-
craft is a requirement which provides
for emergency telemetry transmission.
This data rate is 1.6 kbit/s over a maxi-
mum range of 600 nmi. Future space-
craft may well have data exchange rates
of 10 times this rate over 100 times the
distance.

Voice communication between manned
spacecraft having a range requirement
of 600 nmi is typical of what has been
postulated for a rendezvous operation
with earth-orbital space stations, etc. For
manned planetary missions, it will be de-
sirable to extend this range as far as pos-
sibfé. It will also be desirable to extend
voice communications to earth to the
maximum possible range.

RE-ENTRY COMMUNICATIONS

The so-called “communications black-
out’” experienced by spacecraft re-
entering the planetary atmosphere is of
concern in some experimental space-
craft. In the case of lifting bodies, which
have lift-to-drag ratios (L/D) on the
order of 2:1, this is especially true. The
maneuverability range of these “high-

ment of UHF communication equipment, such as
the AN/ARC-34 and AN/ARC-62, specializing in
frequency synthesizing systems and RF funers. He
was associated with the USAF Time Division Data
Link Project, where he participated in the coordina-
tion of ground and airborne equipment require-
ments with government and industry users. He has
served as project engineer of a long-range com-
mand data link development for advanced inter-
ceptors. Prior fo his assignment in the Dyna-Soar
Program Management Office, he directed company-
and government-funded studies on communications
for orbital military systems. As a member of the
Dyna-Soar Program Management Office, Mr. Gar-
rett was responsible for CSD design analysis and
integration, and flight tests, Currently, Mr. Garrett
is responsible for the management of certain aero-
space communication system studies and analyses,
including those for lunar vehicles, lunar bases,
LEM and communication satellites.

L. Byron Garrett {author) examines models of
two RCA orbital satellites. The TIROS-ESSA
{left) is the latest in the series of 13 consecu-
tive successful RCA weather satellites. The
RELAY communications satellite {right} estab-
lished a record of 290 hours of intercontinental
television broadcasts and more than 630
demonstrations in fransmission of voice, fac-
simile, data processing and other signals.




the band varies with re-entry speed,
altitude, and the shape of the vehicle.

Analysis has shown that for typical
(24,000-ft/s) re-entry velocities of a
high lift vehicle from earth orbit, the
blacked-out band is between 100 kHz
and 10 GHz extending over a 20-minute
period. Re-entry velocities of 34,000 ft/s
could extend the blacked-out band up to
100 GHz or higher.

The requirement is to establish a way
to achieve minimum communications in
the face of these obstacles for experi-
mental efforts that are contemplated in
the 1970’s.

TRACKING

There is no real limit to the precision
desired of earth-derived position and
velocity data (typically range, range-
rate, and look angles). State-of-the-art
limitations in ground antenna precision
and geodetic siting accuracies, together
with coherent ranging techniques pro-
vide position information from a few
tenths of a meter near-earth to tens of
meters for planetary distances. Depend-
ing on the angle between the line-of-sight
and velocity vector, velocity determinates
can be made virtually independent of
distances from a few hundredths to a few
tenths of a meter per second.

CURRENTY METHODS THAT
WILL BE APPLIED TO THE 1970'S
As a result of the other user demands on
the radio frequency spectrum in the upper
vHF and lower UHF band used for many
current spacecraft, TT&C {requencies

Fig. 2—A composite of representative communications elements.

are being moved higher in the unr band.
NASA and DOD have under develop-
ment RF equipment which operates in the
S-band (roughly 2,100 to 2,300 MHz)
for telecommunications purposes. The
NASA development is termed United
S-Band System (uses), and is being
implemented in MARINER and PIONEER,
as well as some earth orbital programs.
DOD is developing the Space Ground
Link System (scLs) which will be imple-
mented in Mor and future military
spacecrait. Although presently, compati-
bility between usBs and scLs is only par-
tial, it is intended that greater compati-
bility will be achieved during the 1970’s
for basic TT&C functions. Both will con-
tinue to have differences because of the
mission differences.

The S-band unified systems provide
full duplex link operation with the space-
craft and provide for the multiplexing of
both telemetry, voice, and mission data
into a single down-link carrier. Voice
command and mission data are also
multiplexed on a single up-link carrier.
By coherently transponding (locking the
transmitter frequency to the received
carrier frequency in the spacecraft),
doppler information can be extracted to
derive accurate range rate information.
Through the use of a 1-Mbit/s pseudo-
random code originating at the earth and
returned by the spacecraft, range can be
measured to lunar distances.

Using the same basic receiving and
transmitting equipment, but reducing
the transmitted and received spectrum,
we can extend operation to planetary

distances. The relation between the dis-
tance and communication capacity for
the present S-band equipment is illus-
trated in Fig. 1, for the several antenna
sizes employed.

Voice communication between space-
craft continues to be performed in the
lower UHF (300-MHz) band and could
continue there for lunar distances and
beyond. Near-earth operations may have
to move to other frequency bands such
as L-band (1,400-MHz) because of inter-
ference with other services.

Integrated spacecraft communications
elements are illustrated in Fig. 2.

The diagram of Fig. 3 illustrates possi-
ble TT&C linkage (voice, command, and
control) for lunar exploration that can
be achieved with equipments currently in
development.

A multimanned space station of the
MoL variety that will be in use by 1970
will typically have TT&C subsystems
which are contained in 3 ft* of volume,
weigh 200 pounds, require 200 watts of
electrical power, and exhibit through
use of selected parts and redundancy
an effective MTBF of 2 years. Typical
unmanned spacecraft may be expected
to devote a 143 of these amounts to tele-
communications with approximately the
same effective M1BF. Although when
viewed as a fraction of a 25,000-pound
manned or a 1,500-pound unmanned
satellite, these do not appear too dis-
turbing. The significance of a substan-
tial reduction in the telecommunica-
tions equipment burden and its realloca-
tion to the mission equipment should not
be overlooked. Also, without the appli-
cation of miniaturization techniques,
multimanned and multimission space
stations will be burdened with a ton or
so of telecommunication equipment.

Fig. 4a} Point-to-point wiring in a VHF transceiver.
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ROVING

b) A printed-circuit
components.
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Fig. 3—Voice, command
and control.

VOICE , DATA, TV

(VHE)

In the area of re-entry communica-
tions, operation above the black band at
X-band communications has been suc-
cessfully achieved. A lifting body at
18,000 ft/s (AsseT) and experiments on
GeMINI (24,000 fps) have demonstrated
that localized cooling (water) has per-
mitted penetration of the plasma at UHF.

MEETING THE CHALLENGES
OF THE 1970'S

The challenge of the 1970°s may be
essentially summarized as: to provide

increased TT&C capability with less—
or at least without additional-—burden
to the spacecraft. To meet this challenge,
RCA is proceeding on four major fronts:

1) Microminiaturization techniques in
both rF and digital areas.
2) Development of concepts and equip-
ment to obtain greater capability
through efficient utilization and organi-
zation of spacecraft functions.
Development of techniques to achieve
higher performance levels in surface
equipment.
Research in re-entry plasma modifica-
tion techniques.

3

Pl

4

-~

Microminiaturization

Microminiaturization through even fur-
ther application of integrated circuit
techniques will permit substantial size
and weight reductidn. The reduction in
size and weight unfortunately does not
always go hand in hand with a reduction
in power. Integrated circuits for tele-
communication functions frequently util-
ize more active elements, and the total
power Input requirement may Trise
slightly rather than decrease. This is
particularly true where today’s passive
elements (i.e., filters) are being replaced
by integrated circuit equivalents. RCA’s
work in this area includes extension of
microcircuit technology into the sHF

band (Fig. 4).

New Concepts

In part, the challenge of reducing the
TT&C burden to the spacecraft can be
met through further equipment miniatur-
ization while adding capability. This will
tend to be offset, however, by the pres-
sure to begin radio link operations in
portions of the su¥-band. Equipment in
this band tends to have a higher weight
per transmitted watt of power than UHF-

band equipment (0.6 vs 0.2 lb/w).
Another approach lies in making more

effective use of equipment

through

organization of the subsystem.

At the present time and for systems
under development, it is common to have
separate elements identified for telem-

etry,

tracking, command and data-

voice communications often packaged
as separate subsystems or equipment
groups. In an effort to reduce equipment
complexities, it has been found that:
1) equipment may be shared between
several functions, and 2) if required
functions are similar and if they are
properly defined, equipment can per-
form two otherwise independent opera-
tions in a single operation. One approach
to achieving this is illustrated in Fig. 5.
The relation of the elements shown to the
TT&C functions previously discussed for
the spacecraft are as follows:

1Y)

2

—

Telemetry function is performed by
the data acquisition elements in con-
junction with the RF transmitting
equipment. Telemetry multiplexing is
a data conversion function which may
be aided by data processing. Data
collected during periods when the
spacecraft is out of network coverage
may be stored and transmitted during
periods of contact.

Command function is performed by
the RF receiving equipment in con-
junction with the data conversion
equipment. Routing to a display in
the manned system or to a vehicle or
mission system (manned or unmanned)
may be direct from data conversion
elements after decoding or may involve
data processing prior to use.
Tracking function for ground interro-
gation generally will involve only the
RF equipment. When the spacecraft
acts as an interrogator, data conversion
and processing will be required.

Fig. 4a through 4d—Progression of the technology in RCA's aerospace communications equip-

ment from today's circuits (a, b & c) to tomorrow’s integrated circuit (d).

board with discrete

¢} A multilayer-board converter with dis-
crete and integrated components.

d) An integrated-circuit S-band up-conve|
ter compared to ten-cent piece.




SPACECRAFT TT&C SUBSYSTEM ELEMENTS
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Fig. 5—Elements of space TT&C (telemetry, tracking, and commands communications),

4) Data exchange with other spacecraft
will involve the Receiving-Transmit-
ting as well as the data conversion
equipments.

5) Voice communication will involve
principally rF audio equipment. Any
cryptographic requirements are pro-
vided by data conversion equipment.

6) Intercommunication will be a separate
system for voice and data on small
manned spacecraft. For larger space-
craft involving six or more persomns,
combination of data and voice inter-
communication will be justifiable.

As an example of the application of this
concept, it is often found that less than
5% of the telemetry data from a test
program is of any value. Since telemetry
is the biggest problem from a traffic
standpoint, it is therefore the most sub-
ject to “editing” prior to transmission.
This editing can be performed with the
data conversion equipment in conjunc-
tion with the computation equipment.
Such editing can be extended to video
information, particularly pictorial data.
The RCA Variable Instruction Computer
(Vic) concept presently being converted
to qualified hardware, represents a relia-
ble processor for this and other space
vehicle data processing requirements.
Unique to the Vic is the capability of
reverting to less sophisticated modes of
operation in the event of Vic or some
other subsystem failure.

For deep space operations, the oppor-

tunity to use a combination of on-board
and ground computation facilities to
optimize the use of the radio links exists.
The editing process can be supplemented
by appropriate variations in transmission
redundancy and bit rate to optimize the
information transfer.

Another area where increased capa-
bility can be achieved without weight
penalty is that of on-board information
collection and distribution.” In the tradi-
tional design, data for telemetry is hard-
wired (one circuit per data point )to the
multiplexing equipment (pcM and/or
rbM): Other data and voice circuits are
similarly hardwired to computation and
display facilities. For large spacecraft,
the sheer weight of cabling can become
on the order of hundreds of pounds. For
digital data, the use of a number of con-
trally timed multiplexers materially re-
duces the cabling required. RCA work
on multiple internal communications®
extends this concept to permit the
equivalent handling of a large variety of
analog signals including voice.

Ground Status

Telecommunication performance im-
provément, particularly for deep space
operations, can be achieved through
improvement of surface rRF and detection.
RCA’s work in masers and threshold
extension will provide the basis for new

equipments in the ground which will
permit an order of magnitude increase
in the data rates previously indicated.

Plasma Research

The RCA Victor Ltd. Research Labora-
tories in Canada have been engaged in
the development of methods of modifying
an ionized plasma to change its electro-
magnetic properties. This has been ex-
plored from the standpoint of using
magnetic fields and material additions.
The results have been promising and the
feasibility of applying these methods to
re-entry spacecraft is in process.

CONCLUSION

A few of the problems of space tele-
communications have been reviewed and
a few of the many programs in process
at RCA have been mentioned. Some
important areas of technology such as
tape-recording, lasers, and re-entry
plasma modifications have not been dis-
cussed. It should be evident, however,
that RCA having already made a sub-
stantial contribution to spacecraft TT&C
subsystems, is prepared to continue that
contribution during the 1970’s.
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THE MULTIPLE INTERNAL COMMUNICATIONS

SYSTEM CONCEPT

Single Coaxial Cable Interconnects All System Components by Multiplexing

This system is multiple, because it deals with many forms of information
(video, synchro, digital, and voice), and infernal because it addresses itself
fo the total information transfer between all system components. It is the -
application of systems engineering and multiplexing techniques to the total
information-transfer requirements of any ground, aircraft, or shipborne
weapon system—an approach that allows one coaxial cable to handle all
information transfer between all components of a system, made feasible by
the use of integrated circuits in the multiplexing equipment. Discussed is the
basic MICS technique and its applicability fo a wide variety of communica-

tions systems.

L. BARNEY, L. L. WOLFF, D. WADE, LDR,* and A. A. PARIS, Mgr.

RADITIONALLY, information transfer

between components of a system has
been accomplished by multiconductor
cable and multipin connectors (Fig. 1).
In addition to the cables and connectors,
line drivers, and amplifiers, impedance
matching and level converter circuitry
are required to provide the proper inter-
face. While the multiconductor cable
approach was sufficiently effective for
the less sophisticated systems of the past,
the application of this approach to to-
day’s and future systems is impractical.

THE NEW CONCEPT

With the new multiple internal commu-
nications system (Mics) concept, one
coaxial cable is used to transfer infor-
mation between all the components of a
system (Fig. 2). Components such as a
Final manuscript received December 2, 1966,

*Now with North American Aviation Co., Ana-
heim, Cal.

Air-Surface Systems Group
Communications System Division

DEP, Camden,N.J.

radar or a computer inject or exiract
information through matched tees as re-
quired. The single-cable concept pro-
vides the distinct advantage of increased
flexibility and expansion. Spare jacks
can be provided during the initial instal-
lation at a nominal cost, to accommodate
changes in layout or additional compo-
nents for system expansion. This provides
a roll-on, roll-off capability where sys-
tem components can be changed or rear-
ranged without expensive modifications
to system cabling. The provision of
spare jacks during initial installation
can be compared to installing spare Ac
outlets throughout a house during con-
struction, Installing such outlets after
the house is completed can be quite ex-
pensive and in aircraft, the cost of modi-
fying cabling is exorbitant. Fig. 3 shows
the installation modification required in
a modern F-series interceptor to accom-

—~

modate the AN/ASW.-21 Data Link
equipment. This modification cost per
aircraft was excessive on a production
basis.

Two methods of implementing Mics
are used. One, the adapter unit method,
can be employed for existing systems
(Fig. 4). Although it has demonstrated
significant weight reduction, it is not the
optimal approach. It only eliminates
the hardwire between system compo-
nents, while the multipin connectors and
the driving circuitry are retained. The
second method is the built-in approach
(Fig. 5). This method can be used in
new systems by specifying the new ap-
proach in the initial equipment procure-
ment. Built-in Mics achjeves greater
weight savings through the elimination
of the cable connectors, and provides in-
creased system reliability through the
elimination of redundant driving circu-
itry.

Fig. 3—AN/ASW:21 modification required
a modern F:series interceptor.

Fig. -1—A" typical. 'hard-wire ‘ intercon-
nector system; inset is a'modification re«
quired for the AN/ ASW-21 - Data-Link.

Fig. 2—MICS concept block diagram:
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MICS AND THE A-NEW SYSTEM

The Air-Surface Systems Group of the
Communications Systems Division has
for years recognized the possibilities of
using multiplexing techniques to reduce
aircraft cabling. However, until the ad-
vent of integrated circuits, the multi-
plexing equipment was too large and
heavy for use in aircraft. In 1964, this
group studied the feasibility of using
multiplexing to reduce the cabling in the

Fig. 4—The adapter approach to the
/MICS concept reduces weight of exist-
ing systems.
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one US patent.
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to an industrial complex. Following this, he was
a Senior Design Engineer with Convair, San Diego,
responsible for weapon system infegration for the
F-106 and F-102 interceptors, including the integra-
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a Systems Engineer. There, he was responsible for
Fire Control Systems design, development and their
integration into various Weapon Systems. He is
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A-New system. The A-NEw system was
selected because it was one of the
largest and most complex airborne sys-
tems being developed by the Navy. In
that year, the Air-Surface Group was
awarded a study and feasibility model
contract by the Naval Air Development
Center (NADC), Johnsville, Pa., to ap-
ply the new concept to the A-New-Mob-2
concept. The A-NEW program has as its
objective to increase the effectiveness of
antisubmarine warfare (Asw) aircraft.

Fig. 5—New systems ~use ‘the  MICS
byilt-in - approach’ to. decrease ~ weight
and increase. system’ reliability; smaller
boxes illustrate size reduction;

L. L. Wolff
of CSD and is responsible for the Multiple Internal
Communication System application to all systems.
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The basic concept which will improve
the Asw capability centers on a digital
computer which services multisensor
crT displays for observation and control
of asw information. The A-New-Mop-2
is a feasibility model of an airborne asw
data-processing and display system, de-
signed to operate in the laboratory with
a problem generator which furnishes
ASW sensor and navigation system out-
puts required to simulate an operational
ASW environment.

The study for the A-NEw-Mob-2 ap-
plication was completed in January of
1965, and in June of 1965, NADC
awarded a follow-on contract for an
A-NEw-Mobp-3 Mics study, now in prog-
ress. In September of 1965, the feasi-
bility model was integrated and demon-
strated with the A-New-Mop-2 equip-
ment at the Naval Air Development
Center, Johnsville, Pa.

Since the A-NEw design was well ad-
vanced, the adapter unit approach had
to be used. Although this approach did
not constitute the ideal method of ap-
plying the new technique, the study in-
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Fig. 6—The A-NEW system interior arrangement.

dicated that over 4,000 wires (total
length of 74 miles) could be eliminated
in the aircraft with a net weight reduc-
tion in excess of 1,000 pounds. The
weight reduction provided a gross cost
saving of $500,000 per aircraft (based
on valuation of weight in this type of
aircraft of $500 per pound). The net
cost savings could actually exceed this
amount, since such other factors as de-
creased system downtimes, fewer ECP’s,
lesser training requirements, and de-
creased documentation could not be
evaluated at this time. The study also
indicated growth potential through flexi-
bility, and that integrated circuits can
be used for the Mics construction to pro-
vide a highly reliable system.

In defining the operational elements
of the A-New system, it was found that
the system could be divided into 20
equipment groups or stations (Fig. 6),
with an adapter for each of these sta-
tions. All intrastation transfer of data
was accomplished over conventional wir-

ing. Interstation communication was
handled by the Mics, so that 20 Mics
adapters and 34 coaxial cables elimi-
nated over 4,000 wires.

In addition, RCA investigated the ad-
vantages the built-if Mics method would
have had if used during the A-NEw im-
plementation. It was determined that
the m1BF of the A-NEw computer out-
put section could have been increased
by better than three-to-one through de-
creasing system complexity and the
elimination of unnecessary redundancy.
Table 1 shows a breakdown of how the
increased reliability figure was ob-
tained. The circuitry required for the
new approach was determined and fail-
ure rates for these circuits were com-
puted. This computation yielded an
MTBF of 2,500 hours. The driving cir-
cuitry which was replaced by Mics in-
cluded 420 line drivers and 1,840 con-
nector pins. The MTBF of this circuitry
was only about 720 hours.

TABLE 1—Reliability Comparison-MICS vs Hardwire: A-NEW computer
output section only

Item

Quantity Required

Total Fail, Rate X 10-8

Basic Group Ose.
Up Down Conv.
Comb./Divider
Basic Group Det.
Connectors (BNC)

MICS

7 14.07
31 116.56

15 36. 75 MTBF = 2520 Hrs.
57 228.5

28 112 12
397.00

Data Line Driver
Control Line Driver
Connector Pins

420
HARD WIRE 42

1218.00
149.94 MTBF = 720 Hrs,
1848 18.48

1386.42

Fig. 7—A 91-pin hard-wire connector (now in
use) compared to the MICS single cable (left).

The weight saving of this approach
was found to have been far in excess of
1,000 pounds because of the elimination
of cable connectors. A comparison be-
tween a 91.pin A-New hardwire con-
nector and a Mics cable is shown in
Fig. 7.

Because the advantages of Mics were
so readily identifiable, the Office of
Naval Research awarded a contract to
RCA in April of 1966 to develop Mulii-
plexing Guidelines- And Standards for
all data on avionics equipment in Naval
aircraft.

NADC also recently awarded to RCA
a contract to study the applications of
Mics to the VFAX aircraft system, and
the Marine Corps asked RCA to supply a
Mics Data Multiplex System (AN/
GCA-1) for use in Tactical Air Opera-
tions Center (Taoc) huts.

In the AN/GCA-1 Program, the multi-
plex system design will result in weight
savings of about 10,000 lbs. (now about
13,000 1bs.), increase hut-to-hut dis-
tances by 100% (now about 175 feet)
and reduction in set-up and take-down
time by about 809. This will be achieved
by a combination of rpM-TDM techniques
using a single coaxial cable as the trans-
mission medium for radar, video, data,
signalling, voice and other forms of in-
formation flows between the huts of a
Taoc. An MTBF in excess of 5,000 hours
and an availability rate of 0.9998 are the
realizable design goal for this system.

In addition, the Air-Surface Systems
Group has completed or is conducting
studies for Mics incorporation into vari-
ous navy aircraft such as the P3C, VSX,
as well as applications to ships, such as
the Fast Deployment Logistics Ship Pro-
gram (Fpi) and Aswics ships.

OTHER APPLICATIONS

At present, additional in-house studies
are in progress to apply Mics to several
other complex systems such as Wac
(Warning and Control), Awacs (Air-
borne Warning & Control System),

Fig. 8—E-2B ICCS Equipment Diagram.
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Cearacs (Carrier Based-Airborne Tac-
tical Aircraft Control System), Lou
(Light Observation Helicopter) and
ships. Its application to the Wac air-
craft indicates that communication be-
tween the various system components
can be accomplished in the same man-
ner and with similar savings indicated
for A-NEw. The study shows that the
present Wac aircraft utilizes an in-flight
performance monitor which requires 177
wires and 32 coaxial cables to interface
with the system components. Mics is
able to reduce this to three coaxial
cables.

HELICOPTER APPLICATION

In an effort to see how the new technique
could be applied to simpler systems,
RCA investigated the possibility of us-
ing it in the light observation helicopter.
The hardwire approach for the com-
munication, navigation and instrumenta-
tion (cN1) interface requires 108 wires,
a 48-terminal junction box, and 56-pin
connectors on the intercom boxes. The
intercom boxes themselves contain two
integrated circuits and several switches
on the front panel. The 56-pin connec-
tors are the largest component on the
intercom boxes. The Mics approach ac-
complishes this interface with two co-
axial cables.

INTEGRATED COMMUNICATIONS
CONTROL SYSTEM (ICCS)

Another similar system employing many
of the Mics concepts for control, routing
and transfer of audio and digital signals
has been defined by Air-Surface System
Engineering and is presently being de-
signed and fabricated by the Light Mili-
tary Equipment Section of CSD. This
system has been designated the Inte-
grated Communications Control System
(Iccs). The Iccs is an application of
Mics to the E-2B Aircraft. It provides
for the control for all interior and ex-
terior communications. An equipment
diagram is shown in Fig. 8. The Iccs is
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Fig. 9—E-2B I1CCS Control panel.

used to interface five intercom stations,
twelve radio sets, the Link 4 and 11
data modems, security devices, com-
puter, recorder, emergency tone inputs
and tactical satellite communications
terminals. The system provides for the
functions of net calls, party calls, radio
access and control from any subscriber
in the aircraft, multiple access to indi-
vidual radios, and the monitoring capa-
bility of all receivers. The Iccs further
provides for radio reldy operations,
transmission over multiple radios, initi-
ation of radio self-tests, and mainte-
nance communications. The control-
panel layout is shown in Fig. 9.

Fig. 10-—ICCS for shipboard use.
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Operation is accomplished by multi-
plexing signals over a common coaxial
cable using ToM for signal and control
functions and rpm for audio signals. A
common timing and sync is used for in-
herent system stability.

Fig. 10 illustrates an integrated com-
munications control system using a com-
bination of centralized and decentralized
circuit functions applied to a shipborne
installation.

MICS APPLICATION TO
SHIPBORNE RADAR SYSTEMS

The Air-Surface Systems Group is con-
ducting a program which applies the
Mics concept to U.S. Navy Surface Mis-
sile Ship Radar and fire control systems.
The study has already shown that Mics
is very advantageous in reducing the wir-
ing problem encountered in building and
modernizing these ships. The interface
between the AN/SPS-48 Search Radar
and the Ntps for instance reduces the
requirement of 41 cables and about 600
wires to 6 coaxial cables through the
application of Mics. A similar hardwire
reduction from 28 cables and approxi-
mately 690 wires was made possible by
applying Mics to the interface between
the AN/SPG-55B Radar and the Ter-
riER Fire Control System. In both cases,
additional benefits accrued through the
Mics application in that the ship’s sys-
tem flexibility was greatly enhanced now
by making redundant signal paths avail-
able between the forward fire control
system and the aft fire control launcher.
Furthermore, Mics made it possible to
have a remote central location for moni-
toring, test, and checkout equipments.
Other areas of study underway include
the remoteing of internal equipment test
points to a central monitoring point and
the use of computer programs for ship-
board performance analysis. The Mics
approach to ships systems shows promise
of realizing entirely new concepts in ves-
sel construction, utility and employment,
and opens up a brand new RCA product
line.

Fig. 11—MICS aircraft entertainment center.
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Fig. 12—MICS technique of multiplexing data over coaxial cable.

COOPERATION WITH

OTHER RCA DIVISIONS
The work performed by the Air-Suriace
Systems group in the Mics area is being
coordinated for timely application to
products of other RCA Divisions. Some
of these areas are the Variable Instrue-
tion Computer (Vic) of the Aerospace
Systems Division in Burlington and
checkout and monitoring products of the
Aviation Equipment Department of the
West Coast Division.

RCA is also looking into the possibil-
ity of using Mics in future 300- to 400-
passenger commercial aircraft. Since it
is the desire of the airlines to provide
several types of aural and visual enter-
tainment for their passengers during
flight, this will lead to a severe cabling
problem. However, the new approach
will allow a complete entertainment
center at each seat to be connected
through one coaxial cable (Fig. 11).
Furthermore, in the non-defense area,
the Mics is being discussed with RCA
Electronic Data Processing for possible
use with data management systems and
other commercial computer system ap-
plications, and with the RCA Home In-
struments Division for eventual use in
their products.

APPLICABILITY CONSIDERATIONS

The first step in determining whether
the Mics approach is a proper vehicle
for the implementation in a system is
an investigation which is conducted in
five basic steps:

1) Definition of all operational elements
of the system, in terms of information
inputs and outputs, and function.

2) Definition of all information paths and

flows. By this is meant which system
component communicates with what
other units, and by what route.

3) Selection of multiplexing techniques,

such as FpM, TDM, combination ¥pM-

oM and others.

Trade-off studies, in terms of cost and

complexity between the various multi-

plexing techniques and the hardwire
approach. The output of the trade-off
studies is a system definition.

5) The final step in the Mics study cycle
defines the system interface require-
ments, and provides the equipment
procurement specifications.

4
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The value of Mics is not always appar-
ent at first. Furthermore, the applica-
tion criteria differ from one application
to the next. The most obvious advantage
is the reduction in the amount of copper
wire interconnecting the components of
a system. The A-New study, which was
discussed above, shows that 74 miles of
wire weighing 1,000 lbs could be elimi-
nated from the A-NEw system. However,
for surface systems where weight reduc-
tion is less important, other advantages
accrue. Currently, the U.S. Navy is ex-
amiping Mics for use in the fleet.

The reason for this interest is obvious
when the following problem areas which
exist at present are considered:

1) Complexity—The complexity of the
interconnecting wiring for a large sys-
tem poses a serious problem to instal-
lation personnel. Furthermore, the
design documentation, installation,
and upkeep of complex wiring systems
is costly.

2) Flexibility—Modifications to existing
systems are often impossible because
of the excessive time and cost of the
retrofit,

3) Maintenance — Performance monitor-
ing and checkout capabilities are re-
quired of nearly all existing or newly

conceived weapon systems. Although
monitoring and checkout philosophies
vary from one system to the next, all
have a common need for signal ac-
quisition, The limiting factor is often
the number of wires which can be
tolerated.

4) Reliability—Reliable operation is al-
ways the paramount factor for any
system and complexity often reduces
this all-important requirement. The
A-NeEw study has shown that the new
technique often replaces not only
wires but the interface circuitry re-
quired to drive these wires. This,
coupled with the fact that the re-
liability of integrated circuits used
with Mics is improving faster than
the reliability of wire connection,
makes Mrcs a natural candidate for
improving system reliability.

DESIGN TECHNIQUES
One of the basic design techniques em-
ployed in the application of Mics is to

convert as many signals as possible to a
single, high-speed time-division multi-

‘plexed (TpDM) pulse train which in turn

keys an oscillator. The outputs of
several keyed oscillators (each operating
at a discrete frequency) are then com-
bined and inserted for transmission over
the system coaxial cable. The net result
is a combination TpM-FDM system. Fig.
12 illustrates this basic technique. Data
extraction is the reverse process. Since
all transferred information is present on
a single coaxial cable, data extraction
can be accomplished at any point(s)
along the cable by any number of units.

Component size reduction has been
one of several factors in making the new
concept practical. Fig. 13 shows a
breadboard of a 10-channel keyed oscil-
lator group 6 x 9 x 134 inches which
was developed for the A-NEw feasibility
model in 1965. This circuit has been
breadboarded in 1966 in integrated cir-
cuit form and measures 3 x 215 x 14
inches.

Latest developments in integrated cir-
cuits have indicated that significant size
reductions will be made in future Mics
systems. Fig. 14 shows the expected
sizes of basic circuit components for the
1970 era.

All terminals of the Mics transmit
and receive over a single coaxial distri-
bution system. A combiner-divider
within each terminal separates the car-
riers. An ideal distribution system
would have equal loss between any two
stations and can be represented by the
diagram of Fig. 15.

An in-line configuration is more de-
sirable and the non-equal cable loss be-
tween stations is not a problem for the
Mics frequency spectrum for relative
short coax runs of several hundred feet.
The in-line configuration is illustrated
in Fig. 16.

In Fig. 16, the loss from point I to n
will be greater than the loss from I to 2;
however, considering the use of RC-59
for frequencies up to 200 MHz, the dif-

[ ]S




ference in loss will be approximately 6
dB. When cable runs become excessive
the use of larger coax, variable attenu-
ation taps and dynamic range of Acc can
provide additional compensation. For
long cable runs, the loss as a function of
frequency must be considered. However,
variable attenuation or AGc techniques
can compensate for these unequal losses
if they become critical.

Community Television Antenna Sys-
tems which employ a single coaxial
cable to feed up to 1,000 television sets,
maintain the power level between chan-
nels (channels 2 through 13, 54 to 213
MHz) to within 2 dB. Since the wave-
length of the frequencies used are in
the order of meters, the main cable is
electrically “long,” the vswr must be
considered from a transmission power
viewpoint, and the main cable must be
terminated in its characteristic imped-
ance.

While the main coaxial line is elec-
trically “long” the coax tap offs to
the combiner-dividers are electrically
“short.” The bridging resistors of each
terminal present a high impedance rela-
tive to the characteristic impedance of
the main coaxial trunk. Energy propa-
gated on the main coax is thus absorbed
by the main cable terminations and the
only reflections or echoes are produced
by mismatch introduced by the bridging
resistors.

Since the terminals are lightly coupled
into the line to reduce the effects of re-
flections, the coupling will represent a
relative high attenuation to the trans-
mitter signal. This attenuation is ade-
quately compensated for by the power
of the transmitter and gain provided by
amplification in the receiving terminals.

SUMMARY

The use of the Multiple Internal Com-
munication System provides the follow-
ing advantages:

1) It will permit the transmission of all
types of information over a single
transmission path.

2) Tt provides low installation and docu-

mentation cost because considerably

fewer cables are required.

It permits flexibility for redesign or

layout change.

4) It makes possible increases in system
reliability, and reduces volume and
weight in critical applications.
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Although much remains to be accom-
plished to make the new concept applic-
able to future complex and sophisticated
electronic systems, the groundwork has
now been laid. Its advantages have
been demonstrated in practice and
thereby have made a very significant con-
tribution to the use of total integrated
circuit systems. In the future, multipin
connectors with all their inherent weak-
nesses may become as outdated as vac-
uum tubes are today for general use in
electronics.

bution system.

Fig. 13—Two breadboards of a 10-channe! keyed oscillator group developed for A-NEW (note
3-to-1 size reduction of integrated circuit version at left.)
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Fig. 14—Component circuit sizes {1970 era).
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TRENDS IN THE PACKAGING OF
MILITARY ELECTRONICS EQUIPMENT

This paper examines the requirements and trends of packaging electronic
equipment for military use. The role of infegrated circuits, the mechanical
design of module boards, interconnectors and packages, and a discussion of
the problems of nuclear radiation effects and heat dissipation are treated.
Advanced trends in power supply design and cooling techniques are described.

W. BLACKMAN

Communicaiions Systems

Communications Systems Division
DEP, Camden, N.J.

o area of military equipment de-
N sign has been left untouched in
the scramble for increased packaging
density by the application of integrated
circuits. Major concentrations of effort
have existed in airborne, missile, and
man-pack communications equipment.
Integrated circuit techniques have
caused the present clamor for new design
and packaging techniques. Engineering
groups realize that microminiaturization
is still in its relative infancy, and the
present integrated circuits of two-, three-,
or four-element functions will be giving
way to complete arrays of registers, de-
modulators, encoders, and decoders.
Relatively new devices such as metal
oxide semiconductor (Mos) and evapo-
rated thin-ilm circuits promise to pro-
duce a thousand active and passive com-
ponents on a single chip.

The impact of these devices is of great-
est concern to mechanical engineers,
both directly and indirectly concerned
with the development of packaging
techniques for module, equipment, and
system configurations. Military and
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space electronics make harsh demands
on ingenuity in the application of both
present and beyond-the-state-of-the-art
designs. We must look forward to en-
tirely new families of control and com-
munications equipment.

A few of the areas of most critical
interest to the mechanical engineer are:
1) interconnections, 2) module board
design, 3) connector selection, and 4)
environmental limits.

At the present time, the environmental
constraints specified by shock, vibration,
and moisture and thermal limits appear
to be the areas that can be handled with
relatively straightforward analysis. The
only difficulty here is that meeting the
first three requirements usually leaves
little time for the latter, and only fore-
sight and careful planning can produce
the results necessary to meet the
specifications.

CONNECTOR SELECTION

Connector selection remains unique to
the equipment design requirements and
although standardization has been at-
tempted (successfully in some cases) the
final selection must be made by the

Fig. 1-—C. R. Sieben;
M.E. holds a printed.cir-
cuit  board  from  the :
cminvteman  test set
{data analysis: central
AN-GSM-147). This por-
table tester is used in
the minuteman ' missile
silos“and replaces a
~four-unit’ tester now. .
used.  The board con-
“Yains integrated circuits
and: uses the tuning
fork ‘andblade tech:
nique for connection to
the chassis.

WILLIAM BLACKMAN graduated from New York
University with a BS in Industrial Engineering in
1956, He joined RCA that year and has partici-

" pated in design and development assignments on

the miniaturization and general packaging of com-
bat radios, including production design studies.
He designed the control panel and associated test
equipment for the Air/Ground Automatic Control
System (AGACS). For the past six years he has
been working as a mechanical systems engineer on
the mechanical systems design of the Minuteman
missile ground support equipment., Mr. Blackman
was discharged in 1953 from the U.S. Army Signal
Corps affer service as a radioc communications
crew chief and later as a commissioned officer in
the U.S. and Korea.

design group. The types of connectors
available fill the pages of technical
papers and journals. Their general cate-
gories (see Figs, 1, 2, 3, and 4) are:

1) Tuning Fork & Blade: Applied by
RCA in missile communication, con-
trol, and test equipment (ground based
MinuTEMAN plus airborne data link
systems e.g., (F104 Data Link). One
of the most versatile of connector
design techniques available due to the
ease by which new design may be
fabricated (by the use of metal header
assemblies) for application in a quick
reaction type facility with molded final
form parts developed and supplied at
a later date with no change in form
factors or reliability predictions.
Wirewrap: Introduced to RCA by the
efforts of the DEP Central Engineer-
ing and MINUTEMAN design engineers
in 1959,
Pin and Socket: Probably the most
extensively used and with the greatest
amount of reliability and design docu-
mentation. Almost exclusively used in
the combat radio design area with a
high degree of confidence and success.
4) Card Edge: Still a controversial tech-
nique at RCA with little specific appli-
cation to final design. It is, however,
extensively used by U.S. Naval Air
Development on anti-submarine-war-
fare systems.

2

—

3

~

MODULE AND WIRING TECHNIQUES

Closely allied with connector design are
the module board and wiring techniques
required to achieve the miniaturization
goals of packaging. As long as there is




more than one mechanical packaging
design engineer, there will be a variety
of approaches to the module and wiring
techniques (Fig. 5) as follows:

1) Multilayer printed wiring with plated

feed-through holes

2) Multilayer printed wiring with solid

built-up layers

3) Welded wire matrix

4) Two-sided printed boards with plated

feed-through holes

5) Wired boards (soldered or wire-

wrapped)
Within RCA, the first of these techniques
is by far the most popular. DEP Central
Engineering has provided techniques
and design guides™™*® of careful study,
test and analysis for the preparation of
module configurations.

In prognosticating packaging tech-
niques for the near future, we will find
the same problems challenging the in-
genuity of the mechanical design engi-
neer: packaging density, heat transfer
and environmental requirements. Re-
duced cost in the development of inte-
grated circuit devices will lead to the
procurement of functional arrays rather
than specific circuits in integrated circuit
configurations. This should alleviate the
wiring density problems that generally
restrict the multilayer board wiring
requirements (Fig. 5). Since the prac-
tical limit of printed lines and spaces
is presently being approached, we can
expect to see wiring density increased
by a judicious marriage of the best fea-
tures of the multilayer plated-through
hole technique with the solid-layer
built-up board configuration.

RADIATION EFFECTS

Potentially, one of the most difficult
problems to be faced is packaging for
maximum resistance to nuclear radiation.
This is particularly true of airborne
equipment where space and weight are
at a premium and where massive shield-
ing which would be employed at a
ground location would be intolerable.

The two classes of equipment in which
this problem is of particular significance
are satellites and space vehicles which
will be exposed to space radiation over
long periods of time, and military weap-
ons systems which must survive exposure
to radiation produced by a nuclear explo-
sion. Of these, the weapon systems re-
quirements are more severe. For exam-
ple, it is highly conceivable that future
guided missile electronic systems will be
required to function properly after pass-
ing through the high radiation levels
present in the fireball produced by an
anti-missile nuclear weapon.

In designing for radiation resistance,
four basic phenomena must be consid-
ered. These occur essentially simulta-

neously and tend to reinforce each other,
making the total effect significantly worse
than if the four occurred independently.

Gamma Radiation

Gamma Rays are extremely-short-wave-
length, high-energy electromagnetic radi-
ations originating from atomic nuclei.
In general, the most serious gamma
effects occur in semiconductor devices.
Short gamma pulses result in ionization
of the material and produce spurious
currents which can temporarily disrupt
circuit operations. Long-term, high-level
exposure tends to produce permanent
degradation of semiconductor devices.

Neutrons

Neutrons are heavy, electrically neutral
atomic particles produced by fissioning
of an atomic nucleus. These particles
produce permanent degradation of semi-
conductor devices, by changing the char-
acteristics of the material through atomic
displacement.

Fig. 3=~With the A ARC-104 are
W, A, Brill,, MiE, and Gro
Leoder; {left) and E. M. Morse,
Lead ‘Mechanical Engineer.. The
ARC-104 is an‘advanced airborne
transceiver  built for. the U.S.
Navy.  Other. mechanical engi-
neers on the ARC-104 project
were: M. R. Alexy, E. J. Burns,
W. E. Comfort, M. Holbreich,
L. 'H. Maher, E. Weber, I. Woolf
and H. Sokolov.  The tuning
fork/blade and the pin/socket
interconnection techniques were
used,

X-Rays

X-Rays are extremely short-wavelength,
high-energy electromagnetic radiation
origingting from the orbital electrons
adjacent to the atomic nucleus. X-Rays
can produce ionization effects similar to
those resulting from gamma radiation.
In addition, the energy spectrum of cer-
tain X-Rays is such that the rays can be
absorbed rapidly by materials having a
high absorption coefficient and destruc-
tion of the material results.

Electromagnetic Pulses

Tonization of the atmosphere during a
nuclear blast produces a high level elec-
tromagnetic pulse having characteristics

Fig. 2—R. L. Mangels, M.E. holds wire-wrap
gun to a drawer from the minuteman digital
data group. This minuteman ground support
equipment uses the wire-wrap wiring technique
extensively,

Fig. 4—J. L. Slivinski, M.E. pulls module from
PRC-25 man-pack tfransceiver. PRC-25 is the
“work horse" combat radio used by the army
and marines in Yiet Nam. The PRC-25 illus-
trates the pin-and-socket connection mode,
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similar to a lightning discharge. This
pulse can be picked up by an antenna
system or directly penetrate an enclosure
to cause burn-out of electronic circuits.

In designing for high-level radiation
resistance, a combination of exotic
shielding techniques and imaginative cir-
cuit design is required. Typically, a
multilayer shield (i.e., tantalum, beryl-
lium and aluminum) is used to provide
partial attenuation of radiation, with the
circuits designed to allow for anticipated
degradation and transients resulting
from radiation that will penetrate the
shield. To achieve an optimum balance
between packaging protection and cir-
cuit design, a close tie-in between the
mechanical and electrical engineers must
be maintained throughout all phases of
the design program.

TRENDS IN THERMAL DESIGN

It is logical to expect that thermal re-
quirements for densely packaged micro-
miniature electronic equipment will
result in the need for smaller heat
exchangers and cooler units. Power
amplifiers, particularly in the 1-t0-20-kW
cw range, usually employ tubes requir-
ing liquid cooling. The cooling units
may occupy as much as 25% of the total
volume required for the entire power-
amplifier package.

In the never-ending search for inven-
tive means of thermal dissipation, an
advanced state-of-the-art thermal con-
ductor called a heat pipe has been
developed by RCA Electronic Compo-
nents and Devices at Lancaster, Pa.
ECD is marketing such a heat pipe
operating on an evaporation-condensa-
tion cycle which can transfer heat very
efficiently for any one of many selected
temperatures depending upon the work-
ing medium (Fig. 6). This heat pipe can
concentrate or diffuse heat flux depend-
ing on the application. The thermal
conductivity of this device may be as
high as 10,000 times that of a comparable
copper tube.

The heat pipe consists of an evacuated
enclosure with a capillary structure, or
wick, along its inside surfaces. It con-
tains a small amount of fluid which
saturates the capillaries and has a sub-
stantial vapor pressure at the desired
operating temperature. The fluid is
evaporated at the heat input end, con-
densed at the heat output end, and
returned to the evaporator (through the
wick) by capillary action.

An important consideration in forced-
convection cooling is the pressure drop
required to force the air or water through
ducts or pipes and over the parts or cases
to be cooled. A blower or pump must
furnish this energy, which, in turn, is
usually supplied by an electric motor.

The power required by this motor to
force the coolant through the passage-
ways varies directly with friction or pres-
sure drop. High rates of heat transfer
are due to high velocities which require
relatively large cooling power require-
ments.

A heat pipe may be used to good
advantage to reduce the power require-
ments. In a klystron application, for
example, the heat pipe can transfer the
heat from the dense “collector slug” area
to a less dense “low pressure radiator”
heat sink. A smaller fan or pump, with
lower pressure requirements can then be
utilized to remove the required heat. It
may also be possible, in many instances,
to dissipate the heat by natural means
without the need for any rotating
machinery. -

There is no doubt that the heat pipe
will see usage, in the future, in many
diversified thermal applications, espe-
cially in the electronics industry.

ADVANCED COOLING TECHNIQUES
Packaged electronic circuits, subassem-
blies and systems can now be completely
immersed and efficiently cooled in high
dielectric strength (40-kV) liquids that
have recently been developed. These
fluorocarbon liquids cool electronics by
means of evaporation of the coolant at a
constant temperature. The coolant vapor
enters a condenser and returns in the
liquid form to repeat the evaporative
cooling process at the boiling point of
the particular fluorocarbon chosen.
Thus, unwanted heat emitted by pack-
aged electronics is quickly and efficiently
removed.

Fluorocarbon coolants are fully fluo-
rinated, inert liquids with boiling points
in the range of 122°F to 345°F. The
electrical insulating and dielectric char-
acteristics of these coolants are excellent.
This is due to their completely fluo-
rinated structure, which also accounts
for their inertness and unmatched com-
patibility with other electronic materials
and parts.

Use of the new fluorocarbon coolants*
permits greater miniaturization of im-
mersed electronic packages because
these -inert liquids have the capability
to more efficiently remove heat and, at
the same time, to supply the required
electrical insulation. Efficient removal
of heat permits the use of much higher
component and circuit densities, thus
leading to the design of lighter, smaller
and more compact electronic packaging.
Fluorocarbon coolants are now being
used in many military, aerospace, indus-
trial and commercial applications. Some
applications are proprietary and/or
classified.

Care should be taken in selecting the

Fig. 5—M. W. Schmutz, M.E. holds integrated
circuit board from the waveform inverter
drawer, part of the Minuteman ground support
equipment, The drawer is undergoing tests via
a testing console. The self-test board shown
embodies the multilayer board packaging
technique.

proper fluorocarbon coolant for a par-
ticular package cooling application. To
obtain maximum reliability, one should
try and select a fluorocarbon liquid with
the lowest boiling point consistent with
the outside temperature environment
which, in turn, determines the condenser
temperature.

POWER SUPPLY TRENDS

One of the major factors contributing to
the size and weight of communications
equipment is the power supplies re-
quired. However, recent advances in
high-temperature core and insulating
materials used in the iron core compo-
nents, combined with fluorochemical
cooling techniques, have greatly re-
duced the size and weight requirements
of power supplies. The near future
requirements will stress not only further
reductions in size and weight, but also
the ability to operate from any available
primary power source.

Solid-State Inverters

The use of solid-state inverter power
supplies promises solutions to the prob-
lems associated with these requirements.
Advances in producing high-voltage
transistors, capable of switching moder-
ately high currents, have moved the
inverter power supply out of the
“hundreds of watts” region into the
realm of “tens of kilowatts,” with effi-
ciencies in the order of 80%.

An inverter power supply capable of
supplying 2.5 kW at a voltage of 4.4
kV.pc was recently breadboarded in CSD
(Fig. 7). Preliminary tests indicate an
efficiency of more than 80%. With con-
vection cooling, this supply can be pack-
aged within 0.5 cubic feet, at a weight of




Fig. 6—G. Brauver, M.E. with heat pipe being
used for high-power klystron cooling; his hand
is on the klystron control, the rest of the upper
portion is the heat pipe and its forced-air-
cooled radiator.

less than 30 pounds. The primary power
requirement for this supply is 208 volts-
Ac, three phase, at any commonly avail-
able line frequency, or 250 volts-pc.
Using the same techniques, and cur-
rently available transistors, this power
supply can be made to deliver in excess
of 10 kW. It is expected that future
transistor development will enable in-
verter power supplies of virtually
unlimited power capacity to be built.

Space Equipment Power-Supply
Packaging
In equipment which operates from
limited energy sources such as batteries,
a need has developed for highly efficient
power supplies and regulators. Although,
in most cases the primary interest is in
conserving battery life, a further impor-
tant advantage is gained in packaging.
Historically, power supplies have been

Fig. 7—D. C. Bussard with the inverter power supply for a 2-kW ampli-
fier., The inverier shown is merely a breadboard; its vitimate size will

be two-thirds smaller.
t

inefficient. This was especially true in
regulated supplies; as the source regula-
tion became poorer, more power was
dissipated in the form of heat.

The newer power circuits, however,
particularly those of modest power em-
ployed in space equipment, and man-
packs are very efficient. This means that
in a power supply delivering 100 watts
or so to a load, the power dissipated
internally as heat might be only 5 or
10 watts. This eliminates in many cases,
the need for elaborate heat exchangers—
particularly blowers. Usually what heat
is generated can be radiated or con-
ducted away.

This reduction in heat allows such cir-
cuits to be packaged much more densely
without high temperatures and the
inherently low reliability.

High-Frequency Operation of Power
Supplies

Operating the power supplies at higher
frequencies also allows smaller pack-
ages. New devices and techniques are
allowing significant increases in the fre-
quency of operating pc-DC converters
and of efficient switching of power regu-
lators. Frequencies approaching 100
kHz are becoming more and more prac-
tical. The size and weight of magnetic
components such as power transformers
and chokes, as well as capacitors, etc.,
are dramatically reduced at these fre-
quencies. An interesting result of this
high-frequency operating technique is
the elimination of the bulky 50-t0-60-Hz
transformers in small lightweight equip-
ment which must operate from commer-
cial and military power lines. This
approach rectifies the 115V-ac input
with a bridge rectifier. Typically this
provides a 175V-pc which is fed to a
DC-DC converter operating at a frequency
much higher than the original input—
for instance, 10 kHz. A transformer is

still used to achieve the voltage changing,
but in this case the transformer is a
toroidal unit operating at 10 kHz instead
of a “chunk” of iron at 50 Hz. This
might result in a reduction in size and
weight of 75 to 1.

These new developments have also had
other more subtle effects. In some power
supply devices overload protection is
inherent, thus eliminating fuses and cir-
cuit breakers. Useful life of batteries is
extended as better utilization of terminal
voltage—both high and low, is feasible.
Noise and ripple, although still present,
are up only at inaudible frequencies,
often beyond the response of the equip-
ment in which they are employed (Fig. 8).

THE FUTURE

The future holds many new challenges
for all concerned with military electron-
ics. It behooves us all to keep abreast of
the changing technology and maintain
active internal communications between
design groups; for, as our knowledge
grows so will our participation in the
military systems market.
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at Mr. Blume's left,
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DIGITAL FREQUENCY SYNTHESIS

Particular tasks in the ADCOM-70 advanced technology program are directed
to the use of digital techniques for transceiver functions heretofore imple-
mented with analog circuits. Techniques considered impractical before must
be re-examined in the light of recent and anticipated developments in digital
integrated circuits. The synthesizer described here is a pertinent illustration of
radical improvements achievable in transceiver design through the use of digital
techniques. The unit is infended for use in UHF airborne transceivers. Only
one reference crystal oscillator is required to provide 3,500 channels at 50 kHz

increments to the requisite accuracy.

E. D. MENKES, Ldr.
Light Equipment Advanced Technology

Communications Systems Division

DEP, Camden, N.J.

REQUENCY synthesis is a determining

factor in the ultimate complexity and
cost of communications equipment. Most
frequency synthesizers have consisted of
multiple crystal oscillators, harmonic
generators, mixers, and filters utilized to
combine several frequencies to provide
the one desired output frequency. While
the above techniques have been utilized
to provide excellent performance in
communications equipment, the in-
creased emphasis on small size, high
reliability, and maximum utilization of
microcircuit techniques has spurred ef-
forts to improve and simplify the fre-
quency synthesis function. With the
advent of low-cost, high-speed digital
microcireuits, digital frequency synthesis
has become practical, and promises order
of magnitude improvements in size and
reliability of the frequency synthesizer;
the concept of digital frequency synthesis
is, of course, not of recent origin and has
been implemented with vacuum tube cir-
cuits as early as 1947.

BASIC SYNTHESIZER COMPONENTS

Fig. 1 shows the functional block dia-
gram of the digital frequency synthe-
sizer. The vco is maintained at the de-
sired output frequency by means of a
phase locked loop. The vco output is
divided by a divide-by-N counter. An
integral number, N,, N, * * * is associated
with each desired vco frequency. The
division by N results in a frequency Fy
which is compared with a reference fre-
quency Fj derived from a precision crys-
tal oscillator. If the vco oscillates at the
correct frequency, then Fy = Fy. If the
vco tends to drift, then Fy 7 Fy and the
phase comparator produces a correction
voltage to pull in vco to the correct
frequency.

The attractive features of the basic
digital frequency synthesis approach
are therefore evident:

Final manuscript received November 11, 1966.
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1) Only one stable crystal reference is
required. The output frequency accu-
racy (long-term stability) is deter-
mined by the above crystal.

Minimal use of tuned circuits. The
vco is the only RF function in the sys-
tem.

Maximum use of digital microcircuit
techniques for reduced size and in-
creased reliability.

The synthesizer may be remotely pro-
grammed by the application of pc
logic levels.
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UHF DIGITAL FREQUENCY SYNTHESIZER

A particular application will serve to il-
lustrate the choice of basic parameters
for a digital frequency synthesizer.

Fig. 2 shows the block diagram of a
vur digital frequency synthesizer.” The
range of the divide-by-N counter is de-
termined by the output frequencies and
channel spacing. Thus:

_399.95 MHz _

Noeo = Ts0kHz 7,999
22500 MHz

Nmin - 50 kHZ — 4‘,500

The highest Fy should be utilized to ob-
tain the highest correction rate and to
reduce pull in time of the vco. The
upper limit of Fy is determined by the
highest practical operating frequency of
the inide-by-N counter. Since logical
operations at UHF frequencies with
monolithic circuits are at present not
feasible, the variable counter must be
preceded by a fixed divider (divide-by-K).
From a circuit standpoint, it is conveni-
ent that K be a power of two. Thus, for
K = 32, the maximum operating fre-
quency of the divide-by-NV is approxi-
mately 12.5 MHz.

Important considerations in the choice
of the crystal oscillator frequency are
oscillator stability requirements and the
relationship of oscillator harmonics and
the 1r frequencies. A frequency of 5.3

E. D. Menkes holds mock-ups of the digital syn-
thesizer and a multilayer board which performs

all the counter logic; modules in foreground are
a frequency synthesizer used in current military

PR S < ¥

MHz is near-optimum for long-term sta-
bility and ease of temperature compen-
sation. The only significant harmonics
close to a 60-MHz ir are the 11th 58.4
MHz) and the 12th (63.7 MHz). These
are sufficiently attenuated and removed
from the information pass-band.

Three vco’s are used to cover the out-
put frequency range in 60-MHz incre-
ments. (Three vco’s are sufficient, since
both high- and low-side injection are
used in the receive mode.) Thus, the 60-
MHz offset required when switching
from the transmit to receive injection
mode is conveniently provided. Fig. 3
shows an experimental UHF hybrid, thin-
film vco. The fixed-divider utilizes tun-
nel diode flip-flops for the first four
stages and operates over the input oc-
tave bandwidth without requiring tuning.

Fig. 4 shows the developmental model
of the synthesizer digital counters. The
depicted model is essentially a bread-
board. Point-to-point wiring was used
for circuit interconnections. Therefore,
the number of flatpacks accommodated
by a board was limited.

Fig. 5 illustrates the basic operation
of the digital phase comparator. A volt-
age ramp is generated at the reference
frequency rate. When the system is phase
locked, a fixed phase difference will exist
between the divide-by-N and divide-by-R
outputs. The divide-by-N pulse momen-

E. D. MENKES graduated in Advanced Technology from
RCA- Institutes -in 1957 ‘and ‘took ‘courses in-advanced
mathematics atthe University-of :Rochester, 1958-1959;
he:is completing requirements for the BSEE at Drexel
{nstitute of ‘Téchnology. 'In 1958, Mr. Menkes: became
an-engineer-in the:Telécommunication: Research:Depart-
mentof General Dynaric Electtonics; responsible for
the design.of transistor'and:magnetic switching circuits:
From 1959 to:1961, Mr.‘Menkes worked on: digital com-
munications systems; was.responsible for dighal ¢ircuit
designi-on: the Minuteman:-Program “and i cirelit ;and
logic design for pulie code ‘modulation systems, At
RCA from 1961 o  present-Mr.>Menkes has: worked 'on:
communications systems. with' emphasis-in the ‘design

sets.

system. parameter studies; ‘designiof. RF ¢circuits; studied
of . frequency  Control - systems,  and i rabid-frequency
hopping synthesizer for:communication: satellites and
coherent-fransponders::iHe was:also-responsible for thd
application ‘of ‘microelectronic fechniques: and:the de|
sign.iof a. 3;500-channel, "UHF digital: freqiency syn
thesizer.. Mr..Menkes'is a:member ofithe |EEE and. ha
submitted : several  disclosures: ‘on. digital: frequenc
synthesis,




Fig.

tarily closes the sampling switch, charg-
ing Cx to the voltage level of the ramp
existing at the sampling instant. Thus,
the phase difference has been translated
to a proportional pc level required to
position the vco. By the use of a field
effect transistor for the sampling switch,
an extremely high ratio of off to on im-
pedance is obtained, resulting in mini-
mal discharge of C» when the sampling
switch is open. Similarly, the input
stage of the buffer is a field effect tran-
sistor (FET) providing the large dis-
charge time constant. It is important
that the capacitor voltage be maintained
constant, since the sawtooth ripple pres-
ent at the phase comparator output can
cause incidental FM on the vco output.
The high-impedance properties of the
FET stages minimize the above effect and
further attenuation of the ripple com-
ponents is provided by suitable filtering.

SYSTEM TRADEOFFS

Major considerations in frequency syn-
thesizer design are power consumption
and output spectral purity. It is easier
to obtain high spectral purity with a
high-phase comparison frequency Fj,
since:

1) Higher ripple frequencies may be
more easily filtered.

2) The higher modulating (ripple) fre-
quencies result in smaller FM mod-

lFILTERL

ulation indices producing relatively
smaller FM sidebands.

3) A higher loop bandwidth would pro-
vide more effective degeneration of
incidental ¥M caused by vibration.

However, in order to obtain the higher
phase comparison frequencies, the di-
vide-by-N counter must use high-speed
digital circuits which necessarily con-
sume mMOre pOwer.

In most airborne applications (which
have the severest environmental speci-
fications) power consumption is not a
primary consideration. However, mini-
mum power consumption is required for
battery operated, tactical radio sets.
Therefore, if low-speed counters are
used for these applications, more-
stringent filtering and shielding must be
employed, and the vco must be carefully
packaged to minimize effects of vibra-
tion.

Alternate approaches offering both
high phase comparison frequencies and
low power consumption are being in-
vestigated.”

CONCLUSIONS

The practical implementation of analog
functions with digital techniques is a rel-
atively recent art. However, it is evident
that these techniques will revolutionize
the design of communications equip-
ments. Digitizing of functions such as
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1—Generalized block. diagram-—digital. frequency- syn-
thesizer.
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Fig. 3—UHF hybrid thin-film: VCO; actual size

amplification, demodulation and filter-
ing is being given strong emphasis in
the ApcoMm-70 program.

Improvements approaching an order
of magnitude in size, reliability and
power consumption are anticipated in
the 1970’s through the use of bipolar
and Mos arrays. Batch processing man-
ufacturing techniques will reduce sys-
tems costs. The entire control logic for
a synthesizer such as described herein
will be contained in a few flat-packs. The
concept of a universal synthesizer with a
high order of modular commonality for
applications in all communications
bands will be closer to realization.
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PRECISE ANALOG FREQUENCY SYNTHESIZER
WITH OVENLESS STANDARD FOR MILITARY RADIOS

The development of an analog type frequency control or synthesizer provides
high-order frequency stability for operation of SSB voice or CW telegraphic
fransceivers and narrow-band feletype communication equipment. The synthe-
sizer design described herein is suitable for all frequency ranges, but was
specifically designed for the AN/PRC-62 HF transceiver modified for use in
the AN/ARC-104 transceiver and VHF AN/TRC-97 Marine Corps tropo
communication equipments. The derivation of the synthesizer output fre-
quencies is based on the control of low cost crystal oscillators (XLO's) by phase
synchronizafion to a stable reference standard. Simplicity of operation is
provided by the incremental or digitally selectable crystal banks calibrated
directly in terms of the desired output frequency. This allows the synthesizer to
be operated by personnel having a minimum of operator training and experience.

NGINEERS in the RCA Communica-
E tions Systems Division have devel-
oped a precise frequency synthesizer
with frequency stability of 1 part in 10
million without the iraditional oven-
controlled standard. The synthesizer
offers a selection of 28,000 channels in
1.kHz increments by means of decade-
set control knobs with direct frequency
read-out. This analog synthesizer is
based on increment selection of low-
cost, crystal-locked reference oscillators
(xL0’s) combined by repetitive mixing
and dividing. This new frequency syn-
thesis technique is applicable to any
transceivers where frequency control is
critical; however, we will use the vehicle
of the new CSD-designed AN/PRC-62
transceiver to describe the technique.

Final manuscript received November 10, 1966.

1. GRASHEIM
Communciations Systems Division

DEP, Camden, N.J.

Man-pack single-sideband radio sets in
the gr and VAT ranges for the military
have always posed the critical problems
of frequency stability, size, weight and
battery drain. The new synthesis tech-
nique plus unique packaging design have
gone a long way toward solving these
problems in the PRC-62. Both transmit-
ter and receiver injection frequencies
are generated by the synthesizer.

CSD has had extensive experience in
synthesizer design over the past 10 years
and in a more recent IR & D program
achieved a significant improvement in
performance and simplification of cir-
cuitry. .

The development of the stable, minia-
ture, ovenless frequency standard pro-
vides a breakthrough in improved sta-
bility, small size, light weight and low

I. 1. Grasheim (author at right) displays a PRC-62 combat radio module from the fre-

quency synthesizer to S. V. Mormile, an electrical engineer on the PRC-62 project.

power drain. Previous designs using
proportioned oven control require exces-
sive battery drain because of heater
needs and require insulating materials
or a dewar flask to maintain elevated
temperatures.

The ovenless standard described here
uses a temperature compensating tech-
nique developed at RCA, rather than the
brute-force methods of oven control.
Knowing the crystal temperature char-
acteristics, we developed an inverse
temperature compensating network to
counteract the frequency change of the
crystal.

The new synthesizer compares favor-
ably with competitive units. Problem
areas resolved included spurious attenu-
ation, phase modulation or jitter, signal-
to-noise ratio, complexity, channel selec-
tion and cost. The capability of the
basic approach has been proven and
synthesizers for the AN/PRC-62 Army
HF transceiver, the AN/ARC-104 Navy
HF transceiver and the AN/TRC-97
Marine Corps tropospheric scatter sys-
tem were supplied.

TABLE l——General Features of the
AN/PRC-62 Solid-State Synthesizer.

Frequency Range ............ 2.625 to 32.625 MHz
No. of Channels

Channel Spacing

Stability ......%0.75 ppm max. (Including ¥4-year

aging allowance)

Temperature Range ...............u.n —40 to 75°C
No Warm-up Temperature compensated (no oven)
Primary Power Requirements ........ 1IW,95V
Active Devices .....coviviiniiinin, Transistorized
Size ..o, ...6 x 3 x 4% inches
Welght oo e e, 2 1bs




SYSTEM OF FOUR
CRYSTAL-LOCKED OSCILLATORS

Briefly, the synthesizer system is based
on frequency synthesis by incremental
selection of low-cost crystal, phase-
locked reference oscillators combined by
repetitive mixing and dividing as shown
in Fig. 1. Overall stability of the syn-
thesizer injection signal is based on a
miniature 3 MHz ovenless temperature-
compensated, crystal-controlled fre-
quency standard to which the above
XLo’s are phase-locked, and from which
all additional reference frequencies are
derived. Four crystal-locked oscillators
provide the four wvariable frequency
reference signals; the MHz reference
(set by the megacycles control}, the 100
kHz (set by the 100-kHz control), the
10 kHz (set by the 10 kHz control) and
a units-kHz (set by the 1-kHz control).
Each of the xro’s includes selectable
crystals, which are phase-locked to a
100-kHz signal derived from the 3-MHz
standard. The oscillators are designed
with adequate pull-in to maintain lock
over a —40°C to +90°C temperature
range.

The four xL0’s are combined in deriv-
ing the final output frequency as fol-
lows: The units XLo operates with 10
crystals selectable one at a time in
the 18.5-t0-19.4-MHz range, in 100-kHz
steps. 1t is combined in the units adder
with a 120-MHz reference frequency.
The difference frequency is divided by
ten to 10.15 MHz. The 10.06- to 10.15-
MHz signal is fed to a tens adder unit
where it is up-converted with a 105-MHz
fixed frequency to a range of 115.06- to
115.15-MHz, and then mixed with crys-
tals 13.7- to 14.6-MHz (10’s select) to
provide an output covering 128.76- to
129.75 MHz. This signal is again di-
vided by ten to a range of 12.876- to
12.975-MHz. The hundreds selector x1L0
(16.5- to 17.4-MHz) is up-converted by
mixing with a 90-MHz reference fre-
quency and converted to a 119.376- to
120.375-MHz signal in the final mixer.
The megacycle xL0 operates at 12.3- to
15.2-MHz, utilizing 28 crystals, phase-
locked, one at a time and selected by
the MHz control. This unit feeds a ten-
times multiplier providing a 123- to
152-MHz signal in megaheriz steps to
the final mixer circuit, where it is com-
bined with the 119.376- to 120.375-MHz
signal to produce output frequencies of
2.625- to 8.625-MHz for the three lower
RF bands and 10.625- to 32.624-MHz for
the three upper bands. The synthesizer
output frequency is amplified, cleaned
up by a tuned buffer amplifier, and in-
jected through a receiver-transmit relay
to the receiver mixer or to the transmit-
ter balanced mixer.

The system (Fig. 1) incorporates the
following advantages:

1) The stability of the complete system is
dependent on one standard reference.
This provides the flexibility of using a
reference crystal with the desired ac-
curacy or stability as required. The
AN/PRC-62 {requency standard is
contained in a l-cubic-inch module
and provides a long term stability of
1 x 1077 ppm per month without the
use of oven control.

Crystal locked oscillators provide a
sinusoidal output inherently free from
spurious frequencies. Sidebands are
attenuated at least 75 dB by heavy
filtering in the phase detector bias
lines.

3) Spurious frequencies are controlled by
proper frequency relationship and low
level injection at the mixer inputs and
effective filtering of the mixer output.
Bandwidths of the filters are kept nar-
row and a furthér cleaning effect is
obtained by the use of subsequent divi-
sion.

4) Circuit similarity of the subassemblies
used in generation of 1-, 10-, and 100-
kHz digits permits the use of similar
modules in those sections.

The system lends itself to 100-Hz step
requirements by the addition of an
additional decade unit and to rapid re-
mote frequency selection by the use of
diode switching techniques in the
XLO’s

6) Where further clean-up is required
(100 dB spurious attenuation, or
more) an output clean-up loop can be
easily adapted.
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STABILITY DETERMINING DEVICE

The 3-MHz frequency standard provides
a stable, accurate source for reference
signals used in the transceiver synthe-
sizer. The basic frequency determining
device is a 3-MHz fundamental-
frequency, AT-cut crystal, mounted in an
HC-27/U type glass holder. The crystal
is connected to the oscillator as well as
to a temperature-compensating network
that varies the bias voltage supplied to
correction varactor diodes in accordance
with temperature changes.

The oscillator output is taken from its

I. 1. GRASHEIM received his BSEE from Drexel in
1940 and has been with RCA since this time. His
primary responsibility is design and development of

specialized miniature receivers and transmitters
for military use. Mr. Grasheim has made valuable
contributions to the development and design of a
number of communications systems such as: MAR,
a UHF communication receiver-transmitter, and the
AN/URR-3{, 32, 33 and 34 receivers. He was also
the project engineer on the design of the SP-600
USAF Receiver single sideband system, AN/PRC-7,
a high frequency pack set, and URR-7 and 8, high
stability frequency shift teletype URR-33 and 34
Receiver. Mr. Grasheim's experience includes
manpack and vehicular communication equipment.
He has been involved in the continued develop-
ment and analysis of advanced equipments in this
field such as the AN/PRC-25 AN/PRC-34, and the
AN/TRC-97 produced in large quantities. Mr.
Grasheim specializes in the development of fre-
quency control synthesizer tuning systems and was
responsible for such system development in the
AN/PRC-25, AN/PRC-35, AN/SRR-16, AN/URC-30,
ARC-104, TRC-97 and the AN/PRC-42.

collector and is capacitively-coupled to
a buffer stage to isolate the oscillator
from external circuitry, as well as to
amplify the oscillator output. A small
variable capacitor at the collector of the
oscillator permits the oscillator to be
tuned to its exact frequency to compen-
sate for changes due to component aging.

The oscillator has been compensated
to within 0.50 ppm over the temperature
range of —40°C to 80°C. The short-

Fig. 1—AN/PRC-62 synthesizer block diagram.
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Fig. 3——Temperature compensating network.

term stability at the normal room tem-
perature is better than 2 X 10~° for the
averaging time of 10 seconds. The aver-
age long-term stability based on a 49-day
observation was better than 1 X 1077/
month. Fig. 2 shows frequency vs tem-
perature characteristic of a typical
temperature compensated frequency
standard.

The temperature compensating net-
work (Fig. 3) consists of a voltage di-
vider with a series-parallel combination
of temperature sensitive fixed resistors.
This combination is selected to provide
an inverse bias for the temperature com-
pensating variable-capacity diode which
is in series with the total load capacity
presented by the oscillator circuitry.
The temperature versus bias character-
istic of the inverse bias is shaped to have
an equal and opposite effect on the oscil-
lator frequency variations relative to
temperature.

COMPENSATING NETWORK DESIGN
Assuming the type of compensating net-
work as indicated in Fig. 3, and negligi-

Fig. 4—Divide-by-ten circuit,

BIVIDE BY:2

ble loading by the variable capacity
diode, we arrive at the following expres-
sions:

E, Z,
Z,+Z,

E,
z, =

E,=

Then:

And:
A

Z,

—-1=K
RT1R1

where: E, = available compensating
voltage; and E, = desired diode bias.
The total resistance in the parallel leg
of the divider is:

And, the total resistance of the series
leg is:

Z;,=R; +R,

If this network could approximate the
required K-versus-temperature charac-
teristic close enough, then by taking
experimentally four measurements of re-
quired compensatory voltage within the
operating temperature range, the exact
values of RT{ R, RTz’ and R, could be

calculated. In practice, due to the non-

linear (exponential) characteristic of

R; and R, calculations become in-
1 2

volved. Some simplification can be
achieved provided the exact resistance

U biviDE BYST

versus temperature characteristic of tem-
perature sensitive resistors is known
and can be directly substituted in the
above equation for each test temperature
with the resulting effect of having ob-
tained the correct compensating bias for
the specified test points. Normally in
order to approximate the required com-
pensating bias characteristic within the
specific tolerances of *=0.5 ppm more
than four elements are required with
the resulting increase in complexity of
the calculations to be performed. It
would appear that a computer approach
to the network calculations would be a
natural solution to a very large scale
production which would pay for com-
puter use.

In small-to-moderate compensation

processes a combination of empirical

and simplified calculation approach is
used. The steps that are usually followed
are these:

1) With an external compensating bias
applied to the variable capacitance
diode a number of measurements are
made at specified temperatures.

2) From the obtained values K, and the
simplified four-element network is cal-
culated and installed in the unit.

3) A second temperature run is taken and

deviations of frequency from the
specified limits noted.

4) Corrections and additions to the sim-
plified network are introduced using
either further calculations or compiled
charts indicating the effect of various
network elements on frequency, pre-
suming a reasonable amount of exper-
ience and facilities for handling a
larger number of units simultaneously,
this approach can be quite economical.

DERIVATION OF FIXED FREQUENCY
REFERENCE SIGNALS
A variable capacity divider circuit is
used to divide the 3-MHz signal from the
frequency standard to obtain a 100-kHz
reference signal. Two divider circuits
are used, a divide-by-six and a divide-
by-five. Further amplification and pulse

Fig. 5—Crystal locked oscillator typical circuit diagram.
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shaping is obtained in each of the crystal-
locked oscillator units. Problem areas
are similar to those discussed in the
divide-by-ten units and the circuitry is
also identical to that shown on Fig. 4.

Three generators produce signals of
90, 105, and 120 MHz specifically for
use in up-converting in the synthesizer
mixers to minimize generation of spuri-
ous responses in the mixer circuitry.
These signals are derived from the
3-MHz standard, and are of the same
stability as the source signal.

All three generators use the same
basic circuitry and transistor comple-
ment. Spurious measurements indicate
the 3-MHz sideband are attenuated 65
dB and all others are greater than 75 dB.
Temperature variations of —40 to
+85°C result in =*=1.5 dB change in
output level.

DERIVATION OF STEP VARIABLE
REFERENCE SIGNALS

A phase-locked, crystal-controlled oscil-
lator is used to obtain the reference in-
crements. The crystals, which are higher
order multiples of 100 kHz, are selected
one at a time, by the front panel control.
A phase discriminator circuit compares
and maintains the phase reference to the
100-kHz signal derived from the fre-
quency standard. Crystal frequencies
through a variable capacitance diode
connected in series with the crystal can
be trimmed by use of a small variable
inductor in series with the crystal, to
bring the crystal free running frequency
to within its pull-in range.

The oscillator is a modified Butler cir-
cuit used so that one side of the crystal
can be grounded. No tank circuit is
required. The crystal is connected from
the emitter to ground, acting as a bypass
capacitor or low impedance at the crystal
frequency and is connected in series with
the varactor diode reactance element and
the crystal-resonating trimmer inductor.
Amplification takes place in the second
transistor collector circuit and feedback
is applied from the collector to the base
of the oscillator transistor. Output from
a buffer amplifier is link-coupled to a
phase-detector driver stage and then
transformer-coupled to the bases of an
active phase discriminator., A train of
100-kHz pulses supplied from the 100-
kHz generator is amplified and capacity-
coupled to the emitter of the phase dis-
criminator. Sampling of the oscillator
output takes place in accordance with
the phase of the 100-kHz pulses. Any
phase error causes the discriminator
transistor to conduct and supply a cor-
rection bias to the varactor reactance.
A negative or positive bias causes a
capacitive change in the voltage-sensitive
varactor to oppose the change in oscilla-

tor frequency and maintain synchroniza-
tion.

Various phase detector circuits were
investigated in the design phase of the
program. The passive type using two
diodes was considered but because of its
low impedance, it is necessary to pro-
vide a high-power, sharp pulse in order
to obtain adequate pc swing of approxi-
mately 2 volts. This presents the prob-
lem of containing or filtering this high
level pulse from the other circuits. The
active differential type, although more
critical to level changes, was chosen.
This permits the use of a low-level pulse
to obtain the same pc bias swing. The
differential connection offers better sta-
bility under environmental changes.

ADDERS AND DIVIDERS

The adder receives thé up-converted sig-
nals and mixes the signal with the incre-
ment oscillators. The collector is tuned
to the difference frequency as indicated
in Fig. 1. The signal is capacitively
coupled in the emitter circuit. Output
is obtained through a double-tuned cir-
cuit in the collector. An additional am-
plifier and tuned circuit permit rejec-
tion of the undesired input signals or
higher order combinations of the input
signals. The signal from the adder unit
is divided by ten. Two variable capacity
divider circuits are used: a divide-by-
two, and a divide-by-five. Each is pre-
ceded by driver amplifier circuits and
the resulting signal is amplified and fed
through a low-pass filter to the follow-
ing adder circuit.

Problems of design consisted mainly
of obtaining adequate drive levels par-
ticularly at the low temperature end of
the range and stabilization for variation
in gain over the complete temperature
range. Low impedance input and suffi-
cient drive to cause limiting are used to
prevent jitter at points within the pass-
band. Both dividers are similar, with
the varicap diodes self-biased.

The circuit performed best with sili-
con variable-capacity diodes having
about 6.5-pF capacity at 4-volt reference.
These diodes were readily interchange-
able with a minimum of retuning. Sta-
bility was determined in terms of the
exteit to which a parameter could be
varied while the output remained locked
at one-tenth the input frequency. With
input voltage variations of =109 the
input frequency can be varied =3 MHz
without loss of lock.

FORWARD LOOK
Man-pack transceivers such as the
PRC-25 VHF-FM 920-channel set have
proven themselves in the field under
extreme jungle warfare conditions. The
new PRC-62 SSB, HF 28000-channel

Fig. 6—Morris Lysobey, EE {left) and Roy A.
Beers, Leader, pose with the AN/PRC-62 man-
pack military radio, Mr. Lysobey holds the new
miniaturized frequency standard used in the
PRC-62 in his right hand and compares it with
the model used in previous radios.

transceiver will provide for an ever in-
creasing load and longer range com-
munications. Packaging efficiency
improvement permits use of four times
the number of components in approxi-
mately the same volume.

Since the advent of integrated circuits,
a forward look in combat radio can anti-
cipate further microminiaturization
including weight and size reduction.
Frequency coverage, number of chan-
nels, and power output can be increased.
Combat radios in the next 15 years will
be further improved by the use of new
components and new circuitry. New
single wafer filters are available, pack-
ing high amounts of selectivity in small
volumes. The varactor diodes provide
parametric amplification and electric-
tuning in the HF and vaAFr range for im-
proved front-end performance. High
speed diode switching makes remote
control capability more flexible and does
away with electro-mechanical switching,.
New bhalanced mixer and phase detector
circuitry require no transformers or in-
ductors, and direct coupling in the
integrated-circuit packages eliminates
large coupling capacitors. Hybrid add-
ers simplify the solid-state, high-power
requirement for transmitters.

The new components and circuit de-
signs have set the stage for high per-
formance and high reliability communi-
cations of the future,
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CADRE

Computer Aided Design and Reliability Engineering

ADCOM-70 effort in advanced technology has extended its scope of interest
peyond the development of new circuits and equipment fechniques into the
area applying digital computers to relieve the design engineer of much of
his clerical burden. Computer Aided Design and Reliability Engineering —
CADRE —is a tool for the engineer and first levels of management to more
effectively manage the data associated with components, subassemblies and
equipment in the development and design phases.

HE digital computer can serve the

design engineer in two separate and
somewhat distinct roles. One is that of
a computational tool for circuit analyses,
filter design, thermal analyses, and simi-
lar design tasks. As such its utility is
principally that of performing numerous
complex computations in a highly effi-
cient and rapid manner. Increasing
numbers of engineers are learning that
the cost of calculation is often less than
that of experimentation in arriving at a
final design.

The second role of the computer is
that of an instrument for storage and
rapid retrieval of engineering data. The
design engineer and first levels of en-
gineering management are feeling an
ever increasing burden of equipment de-
sign data management in their day-to-day
design tasks. The capability of the com-
puter to rapidly retrieve facts, place
them in a specified order, and perform
necessary computation as directed, is that
attribute of the computer with which
CADRE is concerned. This data manage-
ment function (CADRE) is principally
concerned with providing a framework
for:

1) Organizing and storing of equipment,
circuit and component data, such as
cost, reliability, size, weight, etc.

2) Processing and computation of stored
data, for example, computing MTBF,
summing up weight, cost, etc.

3) Retrieval, organization and concise
presentation of both stored data and
computed results.

The significance of the CADRE program
can be appreciated only if the problem
which it relieves is understood. The de-
sign engineer, responsible for an equip-
ment design, reviews the specification
and prepares a detailed preliminary de-
sign or technical proposal. He must
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identify the various functions in the
equipment and describe in detail the
circuitry which is required to perform
these functions. He often has imposed
upon him a number of conflicting re-
quirements, among which are the fol-
lowing:

1) Meet all electrical performance spec-
ifications.
2) Achieve a specified reliability level
3) Maintain a competitive equipment cost
4) Meet weight and size specifications
5) Take maximum advantage of existing
developments
6) Summarize and tabulate data on each
component, module and subassembly
sufficient for design review purposes
Identify each component for factory
costing

7

—

To meet all of the above requirements
and document the proposed design it is
necessary for the engineer to have access
to a wide range of parts data and to be
able to process this data efficiently to
obtain the answers required. This is a
data filing and handling problem which
when performed by hand soon over-

D. H. WESTWOOD received his BSEE in 1943
from the University of Minnesota, and his MS de-
gree from the University of Pennsylvania in 1953.
He joined RCA in 1943 and was assigned circuit
development for airborne radars, radar altimeters
and multichannel UMF communication equipments,
He was promoted to Leader in 1951 and was placed
in chérge of development of the APN-42 Pulse
Radar Altimeter. In 1955 he was promoted to

burdens the engineer and his clerical as-
sistants. The CADRE system is based on
selection and storing by experienced en-
gineers of components and circuit stages
which they know will provide certain
performance and which in general have
been proven. The novel feature in CADRE
is the employment of a digital computer
to rapidly process thousands of bits of
information on any combination of stages
which the engineer has established by
drawing a block diagram. Capre does
not relieve the engineer from doing en-
gineering nor does it supply judgment
not already there.

The principles employed in the CAbRrE
organization are presented in the follow-
ing paragraphs.

A SYSTEMATIC FRAMEWORK

The accumulation, storing and calling
out of facts pertaining to electronic sys-
tems equipments, circuits and parts has
been established. The data selected for
storage is readily obtainable from exist-
ing functions within RCA. For example,
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1957 Mr. Westwood has had design and develop-
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Advanced Communications Technology Activity of
the Communications Systems Division. Mr. West-
wood holds four U.S. patents in the field of air-
borne electronics and has published several tech-
nical papers. Me is @ member of |EEE, Eta Kappa
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components selected for storage are those
which the Design Group is using every
day, those which appear in Defense
Standards, and/or those new components
which appear to be promising. This sys-
tem does not duplicate or replace such
functions as Central Engineering, Re-
liability Engineering, Drafting, or Cost
Estimating. However, it puts at the en-
gineers’ and managers’ fingertips basic
data originated from these groups in a
form which enables rapid decisions to
be made and trade-offs to be well
documented.

The framework established consists of
data formats and symbols which are
recognizable by the computer together
with a formalized breakdown of an equip-
ment similar to the drawing system. The
finest breakdown level is that of the com-
ponent and a complete computer tape is
used to store electrical-mechanical char-
acteristics, reliability numbers, vendors,
prices, etc., on each component selected
to be placed in the computer file. A
second computer tape stores stages, mod-
ules, assemblies, equipments and systems
or equipment grouping. This tape iden-
tifies those components and certain other
stage data unique to a particular stage.
In all, there are five levels in the CADRE
processing system. This enables break-
down of any equipment or system into
succeedingly finer groupings established
as follows:

1) Equipment

2) Assembly

3) Subassembly

4) Stage
The equipment consists of one or more
assemblies. The assembly is made up of
one or more subassemblies, each of which
consists of one or more stages. The stage
is the basic building block and consists
of one or more components, which are
the raw material. Each component is
given an identifying number and a data
sheet, illustrated in Fig. 1, is filled out
and key punched preparatory to reading
in all component data into the component
master file tape. Note that the data
stored is both alphabetic and numeric.
The numeric data is restricted to the
center one-third of the form. Pertinent
facts, such as cost in various quantities,
failure rate, weight, size, and number of
leads, as shown are stored for each
component.

The stage is a functional circuit such
as an oscillator, an amplifier, a phase
detector, etc., or it can also be a group of
mechanical components. The input data
format for the stage level (Level 4) is
shown in Fig. 2. The format is very simi-
lar to the component input data sheet,
in that the upper six lines are allocated
to alphabetic data. The next eight lines
contain only numeric data, and the lower

Fig. 1—Component input sheet.
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seven lines contain space for the identi-
fication and quantity of each of the com-
ponents which go to make up the stage.
The stage building blocks were chosen
since these are the functional elements
which the design engineer considers in
synthesizing a new equipment, or in de-
scribing a preliminary design. The data
stored for each stage is limited to that
which is unique to the group of compo-
nents which make up that stage and give
it its functional identity. There is no at-
tempt to summarize component data and
incorporate it on the input form for a
stage inasmuch as the computer will ac-
complish this task. The numeric data
stored by stage is limited to the power
dissipation by component where this data
is significant. It is evident from the de-
scription thus far that power dissipation
cannot be stored in the component file
since a particular component will have
an operation unique to the particular
stage in which it is being used. The stage
data sheets are converted to punched
cards and read into the stage master
file tape.

VERSATILE PROGRAMMING CAPABILITY

It is possible to rapidly and with mini-
mum programming skill establish new
requirements for extracting and process-
ing data which is required. This has
been incorporated to meet the variety of
requirements and the fast turn around
time required. The need to continuously
update equipments and monitor decisions
is further reason for establishing the
versatile programming capability.

COMPREHENSIVE AND VERSATILE
DATA PRINTOUTS
The systematic framework above is of
value in itself, however, the real pur-
pose of CADRE is to provide the capa-
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bility to produce comprehensive output
data. The data obtainable, for example,
can be a complete block diagram break-
down of an equipment to the component
level with any combination of cost, size,
weight, reliability, etc., data accumulated
and extended at the levels of component,
module, subassembly; assembly, and/or
the equipment. A second format for data
is the sorting and accumulating of like
parts in an equipment without regard to
their location by stage or module. Such
a sort, for example, will present the
number of carbon resistors, tantalum
capacitors, power transistors, etc., to-
gether with their cumulative bit failure
rate, weight, size, and the like. Sorting
may be alphanumeric, increasing/de-
creasing order of magnitude on any
parameter, or selecting of components on
the basis of any parameter exceeding a
certain threshold (for example, printout
of all components costing $50 or more).

EXAMPLE OF USE

To illustrate the operation of CADRE, a
specific equipment is cited and typical
elements of the input and output are
described below:

A communications group responsible
for a VHF-FM receiver design receives an
equipment specification calling for an ad-
vanced design. Engineering discussions
and decisions proceed to the point where
a block diagram is drawn which appears
to accomplish all electrical performance
requirements imposed by the specifica-
tion. This preliminary design is shown
in the block diagram of Fig. 3. The
separate functional blocks are enclosed
within dashed lines to indicate a “first
cut” on the packaging of the stages into
the subassemblies. The complement of
subassemblies comprises the complete
equipment (Level 1). Where possible,

Fig: 3——VHE/FM block diagram. =

the engineer has chosen the functional
stages from his CADRE catalog of stages
which have been accumulated over a
period of time from existing designs, ad-
vanced development projects, or circuits
obtained from sources outside of his im-
mediate group. Those stages which re-
main unidentified are synthesized as a
paper design using the engineer’s best
judgment. He will choose components
from the CaAprE catalog of stored com-
ponents wherever possible. Where com-
ponents do not exist in the file he must
take steps to store the new components
to be used. He then proceeds also to
store the new stage data by identifying
the components chosen. Once he has
drawn his block diagram and identified
the blocks as stages which are stored, he
has only to call for the type of data pro-
cessing and printout to be performed.

Figs. 4 through 7 contain computer
printouts which show representative out-
put data capabilities.

CADRE INPUT DATA LIST

VHEZEN VHE/FM RECEIVER

OT12RA VHFE/FN_R=F -TUNER WOD. g

2682 1ST_AND :2ND.RF AMPLIFIER

269C MIXER :

2704 BUFFER AMPLIFIER PR
OLI4NN VHE/FN PRE-SYNTHESTZER

3150 PRE=SYNTH. XTAL 0SC. ;

314C . PRE-SYNTH. MIXER N
3130 veo Len
GLOGNN VHE CONMON SYNTHESTZER

2374 VOLTAGE. TUNABLE. BPA. °
126C MIXER (2)

1410 OSCILLATOR

239F BANDPASS FILTER

1420 OSCILLATOR R
1394 BANDPASS ANPL. (2]

1430 CSCILLATOR o
138D PHASE DETECIOR

236F LONPASS: FILTER
GLI5RA VHE/FR. IF. AUDIO WODULE

2714 1ST1F. AMPLIFIER :

2724 2ND 1E AWPLIFIER

2734 3RD IE AMPLIFIER G
274A ATH IF AWPLIFIER
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Fig. 4—Tabulation of input data for VHF/FM
receiver,
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Fig. 4 is the tabulation of the input
stages and subassemblies comprising the
equipment and identified by the Cabpre
symbol.

Fig. 5 is a representative page of the
first breakdown requested showing costs
by component and stage for various
quantities of equipments. As an example,
the oscillator stage 1410 is comprised of
components in the quantities shown in
the tabulation. Component unit costs and
component costs are accumulated in
columns for each equipment quantity re-
quested. The illustrative component in-

SYMBOL VENOOR

NON-=
R

ECUR.
LOST:

L
IN-QTY
1=9

put sheet of Fig. 1 for quartz crystal
YX(Q106 appears near the bottom of this
tabulation. A total of 10 of these units
are used in this function, however the
prices used in the compilation take into
account, if necessary, the fact that more
of these crystals may be used elsewhere
in the receiver. The components for this
stage are totaled and printed as stage
totals for each quantity. The engineer
may examine these prices and readily
identify those stages which are contribut-
ing most to the equipment cost. CADRE
catalogs can be consulted for potentially
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lower cost alternatives where it might be
beneficial to the equipment design.

Fig. 6 shows the final page of the re-
liability calculations. The failure rates
are summed for each stage, subassembly
and overall equipment and the corre-
sponding MTBF’s at each of these levels
are calculated. The results show that at
55°C., the mTBF for the overall equip-
ment is 15,500 hours. This drops to
8,601 hours at 70°C.

Fig. 7 contains a tabulation of several
of the physical constants of weight and
size by component and a calculation of
area, volume and density. These figures
are not intended to be final design goals
since the squared off area and volume of
the components are used as the basis for
calculation. However, the numbers ap-
pearing will be related to the final vol-
ume by a factor which will be established
as experience accumulates in compar-
ing computed results with actual design
results, The chassis weight was com-
puted from a simple relationship involv-
ing component areas and is intended to
be only a first approximation. Storage
and processing of the mechanical com-
ponents and stages were omitted from
this example, hence they do not appear
in any of the tabulations.

PRESENT STATUS

The CADRE program is currently in the
stage of debugging and is not in full
operational use. The primary application
to date has been in documenting experi-
mental work and furnishing data for
technical proposals. It is planned to im-
plement a more complete components
file and continue to accumulate preferred
circuits in the form of stage and subas-
sembly inputs prior to wider application.

The principal benefits of CaDRE for
the near future appear to be in the syn-
thesizing of optimum designs, documen-
tation of equipment in the development
stages and control of the cost, size,
weight, reliability, etc., of a design up to
the time it is fully documented in formal
drawings and data packages. The type
of detailed data accumulated in the
Capre files is identical to that which is
required in the more formal packages
and wherever possible the CApre data
sheets contain drawing numbers of com-
ponents or subassemblies where they
apply. In operation a smooth transistion
is predicted in phasing a design from
the flexible CADRE system into a formal
computer controlled drawing configura-
tion and control system.
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NEW TECHNIQUES IN
MICROWAVE DESIGN

The most significant new technique in the development of microwave circuits is
the utilization of coupled lines in the transverse electro-magnetic field. This
technique has the advantage of compressing the circuitry volume due to the
absence of physical coupling elements. The bases for this technique are the
even- and odd-mode characteristic impedances of the transmission line. A
method is presented for calculating these impedances for microstrip lines. The
microstrip line is a single ground-plane line with widespread application in
microelectronics at microwaves. The method employed is one of dividing the
cross-section of the transmission line into regions with respect to the uniformity
of the field distribution. This reduces the problem to conductor configurations
for which closed form solutions exist. The analytical approach is supplemented
by experimental techniques to determine the characteristics of the microstrip
line for a selected substrate material. Curves and tables are presented.

A. SCHWARZMANN

Advanced Technology
Communications Systems Division, DEP, Camden, N.J.

Relative a,A products are tabulated

EMICONDUCTOR devices operating at below: \
. . . i 1 [+3
microwaves are the major contribu- . Diclectric —at
tors to the trend of microwave miniatur- Rexolite or Teflon . 3
. R R R Fused Quartz (8102) 15
ization. Microwave systems in wave- Beryllia (Bo 0y 8

guide already outsize and outweigh all Alpha Alumina (Al 03)-alpha 0.85
the supporting lower frequency compo- Rutile (Ti02) 60
nents of integrated circuits.

The microstrip transmission line on a
high-dielectric-constant material is the
way to microwave miniaturization. The
high dielectric constant of the transmis-
sion line reduces the size of microwave
circuit components. To utilize the micro-

The alpha-alumina of 99.99% purity was
selected. It is a polycrystalline ceramic
with a dielectric constant of 9.9 and a
dissipation factor of 0.000025 at 8 GHz.
This material is an excellent substrate
for miniature microwave circuits.

where « is the attenuation constant and
B is the phase constant. The attenuation
constant is the sum of the dielectric
losses and conductor losses. Having
knowledge of the characteristic imped-
ance of the microstrip line, the expres- &
sion for @ and B can be derived in terms ]
of the velocity of propagation v. The i
expression for both terms of the propaga-
tion constant have been derived but the
work is too long to be included in this
exposition. The velocity of propagation
is for a TEM mode equal to the speed of »
light ¢ over the square root of the di-
electric constant e. The change in the
velocity of propagation, which takes
place in the microstrip line, is related to
the amount of field in the air as com-
pared to homogeneous dielectric.

The velocity of propagation in a
microstrip, v., is:

Um = Cck
k= |:1 P — 1)]“1/2 (2)

= homogeneous dielectric impedance
microstrip impedance

Characteristic Impedance

Like the coax transmission line, the
parallel plane transmission line propa-
gates energy in the TEM mode, first of
all. Of course, a small field vector exists
in the direction of propagation for the
microstrip line. For the following
graphical solution to the characteristic
impedance, this fact may be ignored.

1
ZO:’U—C (3)

The geometry of the transmission line

strip, the characteristics of this trans-
mission line must be expressed and
verified. These characteristics are the
even- and odd-mode impedances and the
propagation constant. The odd-mode
characteristic impedance is important
for miniaturization of coupled circuits
to eliminate the physically mutual
component.

CHARACTERISTICS OF THE DIELECTRIC
SUBSTRATE MATERIAL

The criteria for selecting the material
for the substrate is minimum size and
lowest dielectric loss. The size of cir-
cuitry is directly related to the wave
length X\, and losses are characterized by
the dissipation factor which is propor-
tional to the attenuation constant of the
dielectric a4, The best material for min-
iaturization is the one with the lowest
(ag2) product even though for some
circuit configuration the conductor losses
become dominant.

Final Manuscript received October 19, 1966.

CHARACTERISTICS OF THE
MICROSTRIP LINE

Propagation Constant
The propagation constant of a transmis-
sion line is defined by the two terms:

Yy=a+jB 1)

may serve as the basis for mapping the
field. To determine the capacitance per
unit length one could attempt a solution
of the Laplace equation by the con-
formal-transformation method. How-
ever, there is no known closed-form

shown).

Fig: 2—Simplified map of odd-

mode transmission.

Fig. 1—Simplified map of even-
mode transmission (dielectric: not



solution for this configuration other than
a zero-thickness approximation.

A practical approach is to break the
field distribution of the transmission line
into regions for which the capacitances
are known or easy to calculate. The
capacitance per unit length of Fig. 1
consists of three terms:

C=Cp~+Cou+C; (4)

where C,, is the parallel plate capaci-
tance, C,,, is the capacitance due to the
upper plane and C, is the fringing
capacitance.

£ w
Cop= ;’;I- [T]

where 7 is the free space impedance

€ 2.7

Cr=s (4h>
logl e

C,; is the round-wire equivalent as
W —0. The following is determined by
graphical methods from the map of the
field in the upper plane:

o el
T e | 3k

The characteristic impedance of the
microstrip line, that is, the even-mode
characteristic impedance of the line
becomes:
(5)
h 1
ke W 2W 2.7
—+ +
VN 1og( 4h)

T

For uncoupled lines Z, equals Z,,. The
nonhomogenuity of the dielectric con-
stant has been accounted for directly in
the upper plane capacitances. There-
fore, in the impedance expressions Z,,

and Z,., the value of the ke = \/e.
The results obtained from this equa-
tion are in close agreement with actual

~:Fig. 3—;S§mpliﬁed ‘map:-of the
odd-mode ‘upper plane contribu=
tion: :
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measured values. There is also good
correlation between the results from this
expression and Wheeler.® Expressions
by Assadourian and Rimai," and Dukes®
agree only for low impedances.

In a similar way, the odd-mode char-
acteristic impedance is derived. The
difference is in the fringing capacitance,
C; and C,,.. Here, C; is the round-wire
equivalent as -0 in an F-field boun-
dary of a distance h above ground and a
distance S/2 from perpendicular sides.
The upper plane contribution C,,, for
the odd mode is represented graphically*
by the simplified map of Fig. 3. The
equipotential lines of this field are

“Figi  4—Even and fddd-mode‘
characteristic.impedance.
75 S .

204 : ,
2.5 mil
65 h= 25 mils

LUEE9.9

almost radial. The solution to the capac-
itance for this configuration is the sum-
mation of the capacitances between a
series of inclined planes defined by the
equipotential lines.

In terms of the inclined plane capaci-
tance:

Co ¢ W (1 1 )

e +

2 amh+a\3 ' 9 (h+ta)
where:
(5 PNy SV
h+a_(2—|—2>sm6 = 7

The second term being negligible,

it (3)
2 e S+W\3
L S

-—>CW—C" 3

W’*‘l

8
3

The odd-mode characteristic impedance
becomes:

_h
ZI)O — ke
(6)
1
K+ 8 1 2.7
h 3\/;_.§‘_+ 1 log 4S tanh 4h/S
!4 Tt

where the last term in the denominator
is C,f.

This expression is in agreement with
the odd-mode impedance measurements
made in an experiment described later.
The odd-mode impedance expression for
single edge coupling, Z’,,, can be derived
from the above. The capacitance per
unit length here consists of five terms:

C C,ppu C’r

oy G0y Comy

C:Cw+ 9 P 2 7(7)

The family of curves in Fig. 4 are even-
and odd-mode characteristic impedances
for microstrip line. They are of a spe-
cific substrate and for equal line widths
only.

The accuracy for the impedance ex-
pressions is highest for low impedances
and low frequencies. Lower accuracy
can be expected at higher frequencies
and impedances. In general, for im-
pedances less than 75 ohms and the line-
width not greater than 0.1, the graphi-
cal solutions are representative of the
actual. These restrictions offer no great
difficulty since most networks require no
higher impedances with extreme accu-
racy and the line-width may be reduced
by reducing the height of the substrate.

Experimental Techniques

The selection of alpha-alumina only as
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Fig. 5—0Odd-mode impedance test fixture.

Fig. 7—Guide wavelength of microstrip line with and without end capaci-

tance effects.

Fig. 9—Capacitance end-effect test set.

the substrate material simplified the ex-
perimental verification of the microstrip
properties.

The even-mode characteristic imped-
ance determination consisted of measur-
ing the surge impedance of various line-
widths for a 1-inch length at X-band. The
odd-mode characteristic impedance can
be experimentally represented by plaec-
ing a physical ground plane at a distance
S/2 from the strip where the E-field
boundary would occur. For the odd-
mode experiment one such ground plane

Fig. 8—Guide wavelength test sets.

- 4 P2

Fig. 10—Schematic of quarter-wave directional coupler.

to either side of the microstrip is the
equivalent representation of this mode.
The odd-mode test set is shown in Fig. 5.
Tight-fitting slices of various line-widths
in the trough-type fixture were measured
in the same manner as the even-mode
line above a wide ground plane.

The attenuation constant was mea-
sured on a 50-ohm microstrip line by
simple insertion method. The line length
was 22 cm long and meandered on a
3-inch-long substrate as shown in Fig. 6.
The attenuation constant was essentially

uniform from 8 to 10 GHz and about 0.1
dB/cm. The substrate height was 25
mils from the ground plane and line
thickness was Y mil of copper. The
thickness of the conductors and height
of the substrate were kept the same for
all of these experiments.

The conductor thickness was chosen
for six-skin depth at 2 GHz, which is
approximately 0.5 mil. The height of
the substrate is a minimum for A = 25
to still obtain reasonably low-loss micro-
wave circuits.




From a simplified expression of the at-
tenuation constant, in which the losses
are inversely proportional to the height
of the substrate, a height of 50 mils
should give proportional improvement in
the quality of microwave circuits. At
X-band, most linewidths are still much
less than one-tenth of a wavelength.

The phase constant is more commonly
expressed in terms of the guide wave-
length, A,. To determine the guide wave-
length, loosely coupled resonant rings of
various linewidth were tested for the
location of their absorption notch occur-
ring at n)\,/2. This method of finding
the guide wavelength of the microstrip
eliminates the end capacitance effect or
the short circuit effect, and at the same
time is applicable directly for any line-
width. The results are plotted in Fig. 7,
curve 1. The test sets are shown in Fig.
8. Since capacitance end-effect of the
microstrip line is of great importance
in matching network, filter, and resona-
tor designs, the above experiment was
repeated for semi-rings. The results are
plotted in Fig. 7, curve II. A sample
test fixture is shown in Fig. 9.

The latter curve may be used for half-
wave resonators with two end-effects
directly or for quarter resonators with
one capacitive end-effect making sepa-
rate adjustments of the resonator for the
shorted end.

APPLICATIONS

The coupled line components are a
direct application of the even and odd
mode characteristic impedances.

As in plane waves, the coefficient of
coupling for quarter wave resonators is
equal to the difference over sum of these
impedances. Now for any desired coeffi-
cient of coupling K, the separation may
be found. The application of this is in
filters and directional couplers primar-
ily. The advantage of the coupled-lines
directional coupler is that it requires
very little space.

For input matching the following con-
dition must be met:

ZDE.ZOi):ZUz (8)

The forward coupling coefficient for
quarter wave coupled lines. is:

_ (Zo—Z00)
(Zoo + Zo0)

Then:

Z,= (Lﬂ) Z. (9)

For the condition that W is equal, the
separation S is found from Fig. 4.

The photograph of Fig. 11 shows 3,
6, 10, and 20-dB directional couplers.
The test results are in agreement with
the theoretical values of the even and
odd mode impedances. The couplers
operate at X-band.

The design of odd-mode coupled band
pass filters involves reducing the desired
response shape to the coefficients of
coupling and then to the even and odd
mode impedances per coupled section.
In this form the filter is represented in
the universal set for odd mode coupled
structures. By Fig. 4, these impedances
are reduced to a line width and separa-
tion per coupled section for the specific
microstrip structure. An example of this
is shown in the photograph of Fig. 12.

Two coupled sections of this form of
structure are one-half of a guide wave-
length long. With the help of Fig. 7, the
proper length including end-capacitance
effect is obtained.

An application to a major component
is illustrated in the photograph of Fig.
13. The device is a wideband, times-four
frequency multiplier with output in the
X-band. The test results on the proto-
type version are 10-dB insertion loss for
109% BW. Power level saturation is 13
mW of output.

CONCLUSION

The techniques described in determin-
ing the characteristics of the miniature
microstrip transmission line have been
found in good agreement with the ex-
periments. The technique may be ap-
plied to other complex odd-mode cou-
pled structures for which closed form
solutions are not directly attainable.
The use of the expressions for the
even- and odd-mode impedances are not
restricted to the substrate used in these
experiments. They should apply as well
to thin-film monolithic construction of
the microstrip line on silicon as many
future microwave circuits will be con-
structed. The applications demonstrate
that the odd-mode coupled structure for
the high dielectric substrate combines
amazing compactness with still remark-
able performance. This new microwave
technique will influence designs of com-
munications equipment for the 1970’s
due to the enormous size reduction, po-
tentially higher reliability and economy.
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Fig. 11—Set of directional couplers at X-band.

Fig. 13—Wideband frequency multiplier with
output at X-band.
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MICROWAVE ADVANCED PRODUCT DEVELOPMENT
MICROWAVE DEVICES —ELECTRON TUBES VS SOLID-STATE

This paper discusses the relative attributes of solid-state and electron-tube
devices and presents arguments to illustrate the continuing and growing
requirement for electron tubes in spite of the inroads being made in microwave
equipment applications by commercially available solid-state devices.

H. J. WOLKSTEIN, Mgr.

Microwave Advanced Product Development

Electronic Components and Devices, Harrison, N. J.
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Fig. 1—Comparison of power-frequency capa-
bility of electron-tube and solid-state devices.
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HE progress made in the development
Tof solid-state microwave devices dur-
ing the past two years seriously chal-
lenges the supremacy of the electron tube
in a number of areas where the capabili-
ties of the two types of devices overlap.
Most of the solid-state equipments oper-
ating today in the microwave region
(above 500 MHz) owe their performance
capabilities to either new transistor tech-
nology or the use of internal or external
varactor-diode frequency multipliers.
There is strong evidence, however, that
suggests the continuing need for the elec-
tron tube in many applications both in
the overlapping area and beyond this
region.

AREAS OF ELECTRON-TUBE AND
SOLID-STATE PREDOMINANCE
A chart of power as a function of fre-
quency which specifically indicates the
areas of contention is shown in Fig. 1.
As indicated on the chart (taken from
E. W. Herold"), solid-state devices have

Final manuscript received January 9, 1967.

established marketing predominance in
the region below curve A, a region for-
merly dominated by the older gridded
electron tube. In this region, experience
shows that there is little future need for
electron tubes except for special appli-
cations.

In the area bounded by curves 4 and
B, solid-state devices are finding in-
creased acceptability and are in majority
use in the active-devices field. However,
this situation does not imply the demise
of the electron tube in this region. On
the contrary, tubes are enjoying renewed
usage in this area because the phenom-
enal and continued growth of color tele-
vision has led to the establishment of
reliable and economical circuits requir-
ing the unique characteristics of the
gridded tube.

Above curve C, electron tubes predom-
inate because they can be designed to
dissipate heat at the anode and other ele-
ments without the large thermal resist-
ance experienced by solid-state devices.
Solid-state devices suffer in this respect
because of their crystalline-lattice inter-
action structure. The fact that the physi-
cal size of a device designed for handling
high frequencies must be very small cre-
ates enormous heat-conduction problems
for solid-state devices in the microwave
region:”

The region between curves B and C
(specifically above 500 MHz) is of par-
ticular interest to the microwave engi-
neer. Although tubes still predominate
in this region, solid-state devices are con-
tinually making progress. In this region
the functional requirements of the sys-
tem and the relative capability of solid-
state and electron-tube devices must be
critically evaluated to determine the best
component from a practical and econom-
ical viewpoint.

The two dashed lines within the area
bounded by curves B and C indicate the
limits of performance of a single com-
mercially available transistor at the end
of 1965 and as projected for the end of
1966. Continued effort in the develop-
ment of transistors has led to commer-
cially available types that provide an out-
put of 10 watts at 400 MHz and 1 watt at
1 kHz when operated as straight-through
amplifiers, and types that provide 3
waits output at 1 kHz when operated as
amplifier triplers. Power beyond present
transistor capability can be achieved by
use of driven varactor multiplier chains.
Chain performance limits are shown by
a dotted line in Fig. 1.

Fig. 2—Theoretical power-frequency limits for
tubes and transistors.
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COMPARISON OF DEVICE
CAPABILITIES AND LIMITATIONS

The transistor, as it is now conceived, has
a very short interaction region that tends
to prevent efficient energy transfer from
the pc source to the RF output over wide
bandwidths at high frequency. There are,
on the other hand, many electron-tube
devices that have long interaction regions
(circuits), are not inhibited by transit-
time difficulties and/or incorporate long
beam drift-bunching paths. These char-
acteristics virtually guarantee the supe-
riority of such electron tubes over tran-
sistors in most applications where they
apply. The following summary state-
ments on various microwave electron
tubes that meet the above criteria em-

phasize the outstanding performance and,
perhaps, irreplaceability of these devices:

1) The traveling-wave tube performs out-
standingly because of a long, nondis-
persive interaction circuit (30 to 40
wavelengths) that permits the realiza-
tion of high gain (40 to 50 dB), ex-
tremely wide bandwidth, and very-high-
frequency capabilities (to 100 GHz).

2) The klystron amplifier, which utilizes
transit time, provides high gain with
the use of multiple cavities (to 50 dB),
high cw power (100 kilowatts at X
band), high pulsed power, and good
efficiencies.

3

g

The reflex klystron, an extremely ver-
satile device, provides very-high-fre-
quency performance (100 GHz) and
good mechanically tuned bandwidth.

4) The backward-wave oscillator is un-
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Fig. 3—Photograph (a) schematic diagram {b) and performance curve
{c) for RCA $-163 solid-state power source.
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surpassed for electron tuning over
wide bandwidths (half an octave at
40 GHz, 20% at 75 GHz).

The magnetron oscillator is capable of
l-megawatt pulsed performance at
X-band frequencies, inverted coaxial
magnetrons are capable of 100 kilo-
watts at 30 GHz. Both magnetrons
operate at high efficiency.
Crossed-field amplifiers are capable of
1 megawatt pulsed performance at 10
GHz (low gain, 8 to 16 dB) with high
efficiency (approximately 50%).

7) Pencil tubes, which represent per-
haps the lowest-cost microwave active
devices, provide relatively high effi-
ciency in cw amplifier and oscillator
operation, and can be housed in low-
cost cavities. Their excellent perform-
ance in pulsed power operation pro-
vides low-cost, small-size units that
have good stability.
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TABLE I—Comparison of Commercially Available Power Sources (Frequency Range 0.5—2 GHz)
: Solid -State y
Transistor : Pencil Tube Backward-Wave
P Crystal Oscillator Reflex Klystron - .
Oscillator Controlled Chain Tnode» Oscillator
Temperature stability (PPM/°C):
Uncompensated 100 1 5 10
Compensated 10 0.1 0.5 10
Oven controlled a
Voltage stability:
Plate or collector
*5% AV +1.2-1.5 MHz Includes 5% AV +7.5 MHz =*0.4 MHz %35 MHz
Filament
+3% AV =+0.2 MHz
Pulling figure (1/5/1 VSWR) #+2 MHz =+50 kGz +2 MHz * 1 MHz
Tuning:
Mechanical : 0.5—1 GHz Octave
1—2 GHz 30-50% 30%
Electrical : 0.5—1 GHz 12% Octave
1—2 GHz 12%
AM Sideband noise Pair Fair (Harmonic Good (2-cavity Fair; com- Fair
generator by it- klystron best) parable to
self—good) uncompensated
reflex klystron
FM noise (relative) Poorest. Good (Lowest near Fair—when Poor
carrier) unstabilized
- Good—when
stabilized

Best—2-cavity

Klystron

The comparative differences in capabili-
ties between semiconductor devices and
electron tubes is shown more clearly by
the chart of frequency as a function of
power in Fig. 2. The rF power limita-
tion for electron tubes, as developed by
L. S. Nergaard,’ can be approximately
related to tube constants as follows:

1
< 2 2
P,<j ol N
where j is the RF emission-current-dens-
ity limit of the cathode, o is a term equal
to 27 times the bandwidth BW, \ is the
wavelength, and C is the shunt output

Fig. 4—Photograph (a} and diagram (b) of
RCA $-172 coaxial-cavity power source.

capacitance per unit area. The limiting
equation given by Nergaard, when com-
pared to more recent actual attainments
of electron tubes, yields the following
limit:

' Pf < 1,000

where the power P is in kilowatts and the
frequency f is in GHz.

E. O. Johnson® has shown that the
power/frequency capability of solid-state
devices is limited by two important pa-
rameters that are characteristic of the
semiconductor material, as follows:

E
1/2 < Vs
(PuX)" fr < o2

where P,, is the power output, X is the
reactive impedance at frequency fr of the
collector base impedance, and fr is the
transit-time cutoff frequency. This equa-
tion shows that the power/frequency
limit of a semiconductor material is de-
pendent on two factors:

1) E, the maximum electric field that
the material can sustain without break-
down,

2) vs, the maximum saturated -carrier
drift velocity.

As an example, for silicon £ = 2 X 10°
volt/cm and v, = 6 X 10°cm/s; the equa-
tion then yields a material constant as
follows:

(PoX)Y* fr < 2 X 10" volts/s

Sterzer' determined the limiting power
capability for silicon devices using a
20-ohm base-to-collector reactance, as
follows:

. 2X10%
P.f = T 2

where the maximum power P,, is in kilo-
watts and the frequency f is in GHz.

This theoretical liiiting relationship
between power and frequency for silicon
devices is shown in Fig. 2 for comparison
with the actual attainment for both elec-
tron tubes and silicon transistor devices.
Electron tubes are capable of providing
performance almost three orders of mag-
nitude better than the theoretical limit
for silicon devices and five orders of mag-
nitude better than the actual perform-
ance of any commercial silicon transistor
device.

The survey of electron-tube and solid-
state-device performance in the following

TABLE 11—RCA Rocketsonde Transmitter Characteristics

: %:E,E :{? - QUTPUT PROBE Solid-State Sonde Pencil Tube and Cavity
_ Type 8-170V3 (Transistor Osc.-Mult.) Dev. No, A-15407
DEieET ] |/ TRANSISTOR Frequency 1680 MHz 10 MHz 1680 MHz =2 MHz
Power Qutput 200 mW (min.) 575 mW
Heater power None 1w
Operating voltage 12V 100V
B+ power 21W 3w
— S_. Efficiency, (1) typ. 109, 14.39% (typical, incl. heater
COLLECTOR — . power)
EMITTER £ TUNING SCREW Pulse modulation (100%) —3V 20V
G CIRCUIT Frequency modulation (0.5 MHz) Vp/p 3V p/p, 200 kHz
' 0 Typical Environmental Requirements:
km 30V Acceleration 200 g's, 16 5
Shock 200 g’s, 11 ms
Temperature —55°C to 70°C
30 620 ] (S-170V3: 0-70°C)
Altitude 300,000 feet




section is confined to examination of
some examples of each type of device in
the region of overlapping capability
pointed out in Fig. 1.

ELECTRON-TUBE AND SOLID-STATE-
DEVICE PERFORMANCE IN THE
MICROWAVE REGION
Various solid-state and electron-tube os-
cillators are available for use as power
sources in the microwave region. These
power sources can be divided into several
different categories as a function of their
frequency stability, bandwidth, tuning,

and power-output level.

Table 1 indicates the comparative ca-
pability of some of the available power
sources covering the UHF and L-band
regions. As indicated, free-running solid-
state CW sources are available with fre-
quency stability and pulling figure com-
parable to those of pencil-tube triode
oscillators provided adequate tempera-
ture compensation is used. The electron-
beam reflex klystron, however, provides
somewhat better performance if greater
temperature stability, higher modulation
linearity, and wide mechanical tuning
are required.

When low aM and ¥M noise and good
overall stability are required, the crystal-
controlled solid-state multiplier chain
with temperature compensation is unsur-
passed. The backward-wave oscillator
has little competition at frequencies
above 2 GHz when extremely wideband
(octave or half octave) electronic tuning
is required.

RCA has produced a number of differ-
ent solid-state power sources of the free-
running variety, varactor chains for fre-
quency multiplication, crystal-controlled
oscillator chains, and various combina-
tions of the devices. Some typical exam-
ples of these solid-state devices and, in
special cases, their electron-tube counter-
parts are described below.

Tunable Solid-State Sources.

Several different versions of simple me-
chanically tuned fundamental oscillators
have been used as signal sources for test
equipment, multiplier chains, and telem-
etry applications. These devices are in-
herently compact and rugged, require no
heater power, and operate at low voltage.
These tunable solid-state signal sources,
which take advantage of the performance
features of the overlay transistor, operate
in the P-band region (0.5 to 1 GHz) and
provide more than 100 milliwatts of out-
put power.

Fig. 3 shows a photograph, schematic,
and performance curve for a lumped-
circuit oscillator, RCA S-163. The circuit
can be described as a Colpitts oscillator
with feedback through the collector-to-
emitter capacitance of the overlay transis-

tor. The device is tuned by a single screw
that varies the shunt capacitance in the
emitter-to-ground circuit. The unit can
be adujsted to provide minimum power
of 0.5 watt over any 100-MHz portion of
the P band or 100 milliwatts over any
300-MHz portion of the same band.®

RCA types S-171 and S-172 use coax-
ial cavities to supply the necessary reso-
nance for collector and emitter tuning,
and incorporate a DC resistance biasing
network and a feedthrough capacitor
(their only passive components) to en-
able operation. Fig. 4 shows a cross sec-
tion and a circuit diagram of the S$-172
signal source.

Provision for electronic tuning can be
accomplished by variation of the bias ap-
plied to a varactor diode in the collector
cavity of the device. The unit provides a
power output of 200 milliwatts and has
an FM capability of 16 MHz/volt. The
S-171 power source is a similarly housed
coaxial-cavity oscillator in which octave
mechanical tuning is achieved by varia-
tion of the depth of a shorting plunger in
the collector cavity. This device provides
1009 tuning bandwidth and more than
100 milliwatts of output power.

R [y d Tl

The meteorological field is currently
dominated by a low-cost high-volume
RCA pencil-triode tube-and-coaxial-cav-
ity design which has many outstanding
features. Nevertheless, for certain ap-
plications requiring the use of sophisti-
cated and novel circuitry and low operat-
ing voltages, a solid-state device is
preferred even if it represents initially
higher unit costs. Solid-state transmitters
exhibiting the preferred characteristics
and capable of multiple functions have
been introduced and used recently in a
meteorological weather ‘sonde applica-
tion.

Fig. 5 shows solid-state and pencil-
tube transmitters’ designed especially
for rocket-launch applications. These
rugged devices are capable of withstand-
ing extremes in shock, vibration, and ac-
celeration during operation, and incur
negligible frequency and power changes.
Table II compares the characteristics of
these _devices; the lower-cost pencil-tube

itter Application.

Fig. 5—Photographs of solid-state (a) and
pencil-tube (b) rocketsonde transmitters.

and cavity combination has a higher
power output and transmitter efficiency
in spite of the heater-power require-
ments. On the other hand, the higher
voltage required for the pencil tube
necessitates a larger battery supply.

Pencil-Tube Transponder Chain

Although solid-state devices are capable
of providing cw performance comparable
to that of pencil-tube-and-cavity combina-
tions in most applications, at this time
pencil tubes and cavities can be pro-
duced at a far lower cost than their
solid-state counterparts. In addition,
pencil tubes can greatly out-perform
solid-state components in applications
which require high peak pulsed power.

The low-cost coaxial pencil-triode tube
is capable of reliable pulsed performance
at peak power levels of 500 watts to 1
kilowatt for low-duty-cycle (less than
1%) applications. This capability in the
L band is far in excess of the present
state-of-the-art for transistors. Although

Fig. 6—Pencil tube chain for L-Band 500-Watt transponder applications.
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bulk-effect devices, such as the Gunn
transit-time diode, hold promise of
achieving this performance, additional
applied research will be required before
a reliable solid-state device capable of
operation at this power level and duty
cycle is realized.

RCA has developed a two-tube rug-
gedized oscillator-amplifier chain for a
new universal airborne transponder ap-
plication (Air Traffic Control Radar
Beacon System, IFF) that takes advan-
tage of the pencil-tube peak power cap-
ability. This two-tube coaxial-cavity
chain, shown in Fig. 6, consists of a grid-
pulsed oscillator and a grounded-grid
power amplifier operating at 1,090 MHz.
The two-tube light-weight system, which
operates at 500 watts with a duty cycle
of 1%, provides good frequency stability
(< =+ 21%-MHz deviation) with wide
variations in load mismatch and tem-
perature. The outstanding performance
of the chain results from the output
buffer-amplifier stage which decouples
the tube load and its variations from the
grid-pulsed oscillator. The chain oper-
ates over a temperature range from —54
to +95°C and -can withstand shock in
excess of 15 g's.

Varactor Multiplier Chains

Varactor frequency multipliers permit
the extension of the operation of solid-
state power sources well into the micro-
wave region, as indicated in Fig. 1. These
devices operate by virtue of a nonlinear
capacitance variation as a function of RF
drive level when they are operated in the
reverse-hias region. Such capacitance
variations create harmonic currents of
the input frequency. Operation of the
varactor as a frequency multiplier in
conjunction with a suitable microwave
driving source has resulted in the gen-
eration of harmonics well into the milli-
meter region. Varactor-driven sources
challenge the use of klystron sources for
low-power devices in local-oscillator,
telemetry, and transmitter applications
below the Ka band.

The cutoff frequency (f.) of varactor
diode may be used to determine the con-
version efficiency (7) of the device as a
function of the operating frequency
(}in), as follows:

_ 1
fo= 27 s Conin

—1_p[f
7=1 D<fc>

where r, is the equivalent diode series
resistance, C,., is the diode junction
capacitance at —6 volts, and D is a con-
stant equal to 20.8 for a doubler and 35
for a tripler.

The maximum input power to a varac-

tor diode (P;.) is limited by the break-
down voltage of the device (V,) and/or
the maximum tolerable temperature rise
due to dissipative losses, as follows:

Pin (maz) — k Vb2 f‘n len

where k is a constant.

In general, the varactor diode is used
at multiple frequencies no greater than
the fourth harmonic if power, efficiency,
and bandwidth are important parame-
ters. This practical limitation is caused
in part by the necessity for providing
idler resonant circuits at most included
harmonic frequencies as well as resonant
circuits at the input and output frequen-
cies (a rather complex requirement).

Harmonic multipliers have been built
and produced in single varactor multi-
plier units as well as in chain multiplier
configurations with several cascaded
varactors housed in the same chassis.
These devices are completely passive in
that no DC voltage is supplied to the de-
vice. Generally, self bias, derived from
the operating RF signal, is obtained by
each varactor diode. This biasing stabil-
izes the stage as a function of drive
power and temperature and helps to re-
duce the generation of parasitics.

Varactor multiplier chains have also
been designed with various driver-input
power sources. These power sources are
normally of the transistor-oscillator,
free-running, or crystal-controlled vari-
ety. Some of the driver circuits include
transistor amplifiers that increase power
at the low-frequency drive input level re-
quired by the multiplier chain.

The TovAR (transistor oscillator-varac-
tor) shown in Fig. 7 is an interesting
compact self-contained power source for
airborne telemetry applications in fixed-
frequency service over the 1.4-t0-2.3-GHz
frequency bands. This device makes use
of a transistor oscillator, a self-multiplier
stage, and a varactor-diode frequency-
doubler stage. The unit shown, which
has provisions for FM modulation, has a
nominal operating efficiency of 129 with

power output ranging from 1 watt at 1.4
GHz to 0.5 watt at 2.3 GHZ". The over-
lay transistor is employed as a free-
running lumped-circuit oscillator tuned
to fo.., one-fourth the final output fre-
quency. The second harmonic of this
frequency (2f,s.), generated by the in-
ternal varactor capacitance of the tran-
sistor, is taken from the collector to
excite the foreshortened half-wave bar-
coupler. The bar-coupler is used to ex-
cite the varactor for frequency doubling
so that the required output frequency of
4f,,, results. The bar-coupler also pro-
vides some filtering of the fundamental
and second harmonics of the oscillator
frequency. The ¥m modulation is ob-
tained by injection of a control voltage
into the base circuit of the oscillator.
This voltage changes the base-collector
capacitance and thereby varies the oper-
ating frequency of the device. The cir-
cuit also contains provisions for making
the Fm characteristics linear and for
temperature stabilization.

Harmonic-Generator Chdin

Although electron-heam devices such as
the klystron are already in use as the
microwave transmitter sources in air-
borne and satellite applications, the need
for efficient, light-weight, reliable de-
vices with low ¥M and AM noise levels
and good temperature stability has en-
couraged the development of varactor or
harmonic-generator chains for these ap-
plications. One of the more interesting
transmitter varactor chains was designed
to meet extremely severe environmental
conditions of shock and vibration with a
resultant minimum production of micro-
phonics and AM and FM.noise.

A block diagram of a transmitter
varactor chain is shown in Fig. 8. The
same varactor chain (with variations)
is used for velocity sensing, altimeter,
and radar transmitter functions; the
crystal-oscillator portion of the chain,
however, is used only for velocity sens-
ing. Because the input signal to the

TABLE HI——Comparison of Low-Noise Amplifier Devices

Saturated Power

Noise Gain . Magnetic
- ) OQutput Bandwidth ~
= Figure (dB) Bm Field
Traveling- Wave-Tube Amplifier
0.5- 8 GHz 12 35 10-20 Octave PPM
10 30 10 Octave Reversed
6 25 0 QOctave Uniform
0.7- 4 GHz 4.5 25 0 500 MHz Uniform
8-12 GHz 8 25 0 1% octave Uniform
Tunnel-Diode Amplifier (Ge)*
1- 2GHz 4.5 10 —254# 500 MHz Cireulator
2- § GHz 4.0 15 —25 250 MHz Circulator
8-12 GHz 5.5 10 —25 1 GHz Circulator
Transistor Amplifier
0.5- 1 GHz 5 7-5/stage 0 Octave None
1- 2 GHz 7 5/stage 0 Octave None
1.7-2.7 GHz 9 3/stage 0 1 GHz None
*GaSb tunnel-diode amplifier has = 1 dB lower noise figure than indicated for Ge diode.

#This value is the power output for 1-dB compression.




transmitter is of such low frequency
(100 MHz) and small amplitude (15
milliwatts), several stages of power
amplification are required to obtain ade-
quate drive power for the varactor
chain. The transmitter output power is
approximately 350 milliwatts at 9.6 GHz
with an input frequency of 100 MHz.
The outstanding performance charac-
teristic of the Fig. 8 varactor-multiplier
chain is its low AM and FM noise spec-
trum close to the carrier. The perfor-
mance obtained can be matched only
with a stabilized two-cavity klystron.

Low-Noise Amplifier Devices

Table III compares the performance of
low-noise receiver amplifier devices. The
following general conclusions can be
drawn from the data shown.

1) Transistors—Transistor amplifiers are
capable of replacing tunnel-diode am-
plifiers and traveling wave tubes below
2 GHz provided power levels of less
than 1 milliwatt are required for oc-
tave bandwidth performance. More-
over, the transistor amplifier requires
no circulator and provides a noise fig-
ure comparable (within 1 or 2 dB) to
that of the tunnel-diode amplifier with
20 dB more dynamic range.

2) Tunnel-Diode Amplifiers. Tunnel-diode
amplifiers continue to be extremely at-
tractive for application above 2 GHZ
when bandwidth of 10 to 20% i
needed and power output of —25 dBm
with limited linear drive range can be
tolerated. However, the tunnel diode
must be operated in a limited tempera-
ture environment because of its tem-
perature sensitivity, and is susceptible
to burnout in the presence of transient
signals unless overload protection is
provided.

Traveling-Wave Tubes. The traveling-
wave tube with uniform field focusing
capabilities provides a noise figure bet-
ter than that of the transistor amplifier
and almost comparable to that of the
germanium tunnel diode over a 500-
MHz bandwidth below 4 GHz. In ad-
dition, the traveling-wave tube oper-
ates with a gain considerably greater
than that of either tunnel diodes or
transistor amplifiers. When wideband
performance up to 12 GHz is required,
the traveling-wave-tube gain-band-
width product and saturation power
output provide considerable advantage
over the tunnel-diode amplifier. How-
ever, the traveling-wave tube suffers
because of its weight, size, and power-
supply requirements as compared to
the requirements of a tunnel-diode
amplifier, Although transistorized am-
plifiers are still being improved,
neither these devices nor tunnel-diode
amplifiers can compete with the trav-
eling-wave tube for applications re-
quiring power levels over 10 milliwatts
above 1 GHz.

3
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Pulsed Operation

Solid-state devices generally do not have
the capability to produce pulsed peak
power greatly in excess of their cw

power performance capability, primarily
because of the limitations associated with
breakdown voltage. For pulsed opera-
tion, therefore, there is a significant and
glaring difference between the perfor-
mance of electron tubes and solid-state
devices. As an indication of the capabil-
ity of some electron-beam devices in re-
gard to peak power capability and band-
width, Yocom® has presented a detailed
comparison. As shown in Fig. 9, elec-
tron-beam amplifiers such as traveling-
wave tubes, klystrons, and crossed-field
amplifiers are capable of operating to
100 megawatts in the microwave region.
This capability is an additional two or-
ders of magnitude greater than the cw
performance obtainable from similar
electron tubes at S band.

THE CONTINUING "NEED FOR THE
ELECTRON TUBE

The theoretical and practical limitations
cited for solid-state devices and the
superiority of electron tubes in certain
areas insure that the electron tube is
here to stay! Even within the practical
limits of frequency and power set for

solid-state devices, there are many speci-

fic and unique applications now using
electron-tube devices for which no solid-
state replacement readily exists, For
example, the cathode-ray picture tube,
a relatively low-frequency device, still
has no practical solid-state counterpart
in spite of its high volume demand.

There are, therefore, innumerable and
compelling reasons for believing that
electron tubes will not only remain in
extensive use, but continue to find new
and expanded usage as electronic sys-
tems become more sophisticated and as
tube device utility is further enhanced
through advanced design.
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Fig. 7—Schematic diagram “of RCA-S127V2
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Fig. 8—Photograph (a) and block diagram {b)
of a solid-state spacecraft transmitter.
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ALL-PASS NETWORKS FOR COMMUNICATIONS SYSTEMS

All-pass networks are often used to compensate for delay distortion in com-
munications systems. Existing methods for synthesizing all-pass networks have
important practical limitations. A new approach tfo this design problem is
described here. The algorithm which results is applicable to a broad class of
practical applications. Results for several problems which were solved by use
of an RCA 601 computer program based on the new method are included.

HE ability to design a network with

a prespecified delay characteristic
and constant amplitude response is
necessary for success in many engineer-
ing applications. Such networks, known
as all-pass networks, are often required
to compensate for phase distortion in-
troduced by filters used to provide a
particular amplitude response.

Fig. 1 illustrates such a situation
which occurred in the development of
playback circuitry for a digital tape re-
cording system. The desired pulse shap-
ing network was to have an amplitude
response which emphasized the high-
frequency components and a constant
delay characteristic from 0 to 750 kHz.
As seen in Fig. la, the filter used to
achieve this amplitude response intro-
duced considerable delay distortion. The
effect of this distortion can be seen in
Fig. 1b by comparing the pulse before
and after delay equalization. These out-
put waveforms were obtained by using a
digital computer to solve the network
equations for the filter and delay
equalizer.

A more striking example of the effect
of delay equalization is shown in Fig. 2.
These oscilloscope patterns were re-
corded during testing of a biphase signal
channel* The waveforms result from
applying a periodic stream of binary
information to the input of the signal
channel. Without equalization, it is ob-
vious that the information is hopelessly
scrambled. With equalization, however,
there exists a practical sampling interval
throughout which I’s and 0’s have dis-
tinet polarities.

For both these applications, all-pass
networks capable of achieving the neces-
sary equalization were determined by a
computer program based upon the
method described later in this paper.
This method can be used to design both
low-pass and band-pass equalizers and

has been used in a variety of applications
within RCA.

Final manuscript received November 18, 1966.

R. L. CRANE
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ALL-PASS NETWORKS

The transfer function for a first degree
all-pass section has the form:

Vi(s) _a+s
L)ttt =2t

where V; and ¥, denote input and out-
put voltages, respectively. For a second
degree all-pass section, the transfer func-
tion is:

s+bs+ ¢
sf—bs+c

Fig. 3 shows lattice networks corre-
sponding to these two cases. Unbal-
anced equivalent circuits are also avail-
able® and are much used in practice. No
more complicated networks than those
of Fig. 3 need be considered directly
since any all-pass network can be repre-
sented by networks of these two types
connected in tandem.?

The parameters a, b, and ¢ of Equa-
tions 1 and 2 are directly related to the

T.(s) = (2)

Fig. 1—Delay equalization
for digital tape recording.
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network poles. A first-degree section
has a single real pole, 0o = a > 0. A
second-degree section may have two real
poles p1, p. > 0, or a pair of conjugate
complex poles py, p: =F = 15,5 8 > 0.
In either case, b = p, + p: and ¢ = p;p..

Phase functions, 8, () and 8.(w), are
defined for first and second degree sec-
tions, respectively, by use of the expres-
sion:

T(iw) = | T (o) |exp[if («)]= exp[iB («)]

It follows that:

Bi(w) = 2tan™ (—Z—) (3)

Bs(0) =2tan™ ( 5:2) (4)

There is considerable disagreement
among practicing engineers as to
whether specifications for circuit per-
formance should be phrased in terms of
phase delay (B/«) or envelope delay

Fig. 2—Effect of delay equalization
in a biphase signal channel.

(a) ENVELOPE DELAY BEFORE EQUALIZATION

QUTPUT BEFORE
EQUALIZATION

OUTPUT AFTER EQUALIZATION

{b) EFFECT OF DELAY DISTORTION AND EQUALIZATION

(b) WITH EQUALIZATIO
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(dB/dw). Interest at RCA Laboratories
in developing effective means for design-
ing delay equalizers was spurred, ini-
tially, by a color television application.*
In this case, a specification in terms of
envelope delay was given by the NTSC.
The program discussed here provides
for equalization in terms of envelope
delay. It has, in addition, provided ex-
cellent results in several applications
where a given tolerance on phase delay
was to be achieved.

By differentiation of Equation 3, the
envelope delay corresponding to a first
degree section with real pole o is:

dg, _ 20
do ~ P+

(5)

For a second-degree section with two
real poles, differentiation of Equation 4
yields a sum of two terms of form shown
in Equation 5. When the second degree
section has a pair of complex conjugate
poles, & = ia, it follows after differentia-
tion and some manipulation that:

dB _,

7 + g
de F+ (0—8) T+ (0+a)®

The delays of cascaded first and second
degree all-pass sections add linearly and
thus, the envelope delay of an all-pass
network with M real and N pairs of con-
jugate complex poles can be written as:

(7)

]

where »,, &, = 0,/2% and f; = «,/2m.
The problem of equalizer design con-
sidered here is that of choosing, for fixed
M and N, the poles, 7, (o, fi) so that
Equation 7 approximates a desired de-
lay.

Existing design procedures have im-
portant limitations. Some are restricted
to particular applications. For instance,
if the envelope delay to be achieved is
approximately parabolic and if one or
two all-pass sections will give sufficient
accuracy, then tables and graphs can
be used to obtain a design.>® Some re-
sults are also tabulated for linear group
delays.”® An algorithm developed earlier
at RCA Laboratories® is limited to equal-
ization of low-pass filters only. Potential
analog techniques'™ are applicable to
general problems, but they require spe-
cial equipment, the use of trial and error
techniques, and may not provide ade-
quate accuracy. (Ref. 11, p. 280). The
method described below was developed
to utilize a digital computer in providing
a more general, accurate, and practical
means for equalizer design.

MINIMAX APPROXIMATION

Let D(f) denote the envelope delay func-
tion to be approximated and define the
relative delay function:

R(f)=D()) +K (8)

where D (f) is given by Equation 7 and
K is constant. The approximation of
D(f) will be made by use of Equation 8
rather than Equation 7, since addition
of a constant delay is not critical in most
applications.

Some criterion of approximation must
be selected. The particular choice made
here is motivated by the following re-
sults that are available from the theory
of minimax approximation by means of

rational functions, i.e. quotients of poly--

nomials. Let R(x) = P(x)/Q(x),
where P(x) is of degree p and Q(x) is
of degree ¢, and assume that f(x) is to
. be approximated for a = x = b. It is
known™ that there exists a unique choice

(6) of P and Q which minimizes the maxi-

mum absolute error for ¢ = x = b. Fur-
thermore, the error function E(x) =
R(xy" — f(x) corresponding to this
choice is an equal ripple function. More
precisely, there exists a set of at least
(p+g+2) pointsa =, < a0, v
<%p,qz = b and a number ¢ such that
(—1)*E(x:) =, and for x % x,, [E (x) |
= e. In the design of algorithms for de-
termining the coefficients of the desired
P and Q, it is commonly assumed that
there exist exactly (p + ¢ + 2) extreme
points on the error curve. Some algo-
rithms work with the (p + ¢ + 2) ex-
tremes of the error function and others
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Fig. 3—All-pass lattice networks.

with its (p + q + 1) zeros. Working
with the zeros implies fitting f(x) ex-
actly on a set of points whose number
equals the number of coefficients to be
determined in P (x) and Q(x), since the
specification of one coefficient corres-
ponds to an arbitrary normalization.

By obtaining a common denominator,
Equation 8 can be seen to be a rational
function of frequency with non-linear
constraints among the coefficients. No
theoretical results analogous to those
stated above have been proved for this
case of constrained rational approxima-
tion. However, the known results about
the unconstrained approximation prob-
lem suggest that the equalizer design
problem might be approached in two
steps. The first of these steps consists
of determining an approximation of
Equation 8 which coincides with the
desired delay on a specified set of points.
The second step consists of perturbing
these points in an attempt to find an
equal ripple solution,

ALGORITHM FOR EQUALIZER DESIGN
There are (M + 2N + 1) parameters,
¥4, @i, f4, and K to be determined in Equa-

tion 8. Hence, assume that a set of (M
4+ 2N + 1) frequencies frin < f; < fo <

Fig. 4—Results of low-pass linear delay equal-
izer design.
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Fig. 5—Results of low-pass delay equalizer design.

** < fupoma < fmoe are given and let D,
A D(fx) and D, 2 D(f.). Thus, D(f)
must be determined so that:

k=12, ,M+42N+1
9

Since K enters linearly, it can easily be
eliminated, for instance by defining:

G éDk - DM+2N+1+ DM+2N+1 —D.= 0,

k=1,2-+-,M+2N
(10)

A solution of this set of nonlinear equa-
tions determines a delay equalizer which
matches the desired envelope delay ex-
actly at (M 4 2N + 1) points. Newton’s
method for the solution of nonlinear
equations is known to converge quad-
ratically in the neighborhood of a solu-
tion.** However, finding a solution “in
the neighborhood” with which to start
the iterative process is often difficult and
sometimes impossible. A means for al-
leviating this problem was devised for
the system of Equations 10.

Choose M values of », and N pairs
(i, f,), and let'D® (f) denote the en-
velope delay corresponding to an all-
pass network with these poles. Choose
an integer n and define:

D(f) =D(f) + ZID(f) ~D(N],
i=1,2,*"*,n

(11)
Now, consider a sequence of n problems:
G, AD,® _DM+2N ®

+ D‘M+‘2N+1(“ — l_)k(“ =0,

i=1,2,""*,n
k=1,2,+++ M+ 2N

(12)

One feels, intuitively, that a solution of
the system G, = 0 lies in a neighbor-
hood of a solution of G+ = 0 and that

successive application of Newton’s
method to the sequence of Equations 12
will lead to a solution of Equations 10.
This has proved to be true in practice.
The computer program that was coded
provides for automatically modifying the
number of steps in the sequence of Equa-
tions 12, increasing the number when
necessary and decreasing the number if
possible. At the option of the circuit de-
signer who uses the program, D (f) is
provided by the program. The function
provided, which depends only on the
number of sections and the frequency
range of interest, is satisfactory in most
cases. Provision is also made for the
designer to supply his own initial choice
of the network poles from which D (f)
is computed. This option is often useful
for designs which require a large num-
ber of sections. In these cases, good
initial approximations can usually be
easily inferred from the results obtained
for fewer sections. Fewer steps are then
required in the sequence of Equations 12.

The algorithm just described pro-
duces an equalizer design which matches
the desired delay at certain frequencies.
However, large deviations may occur be-
tween fitting points and the next step is
to design a procedure for adjusting these
fitting points so that the maximum ab-
solute errors between fitting points are
equal.

Again, a sequence of problems like
those defined by Equations 12 is intro-
duced:~This time, however, the fitting
frequencies are changed at each step in
the sequence and the function to be
fitted, D (f), remains fixed. The changes
from step-to-step are small, and New-
ton’s method is again used for the solu-
tion of the nonlinear equations.

Let i k=1,2,"++ , M+ 2N +1
denote the fitting frequencies and R (f)
the solution for the ith iteration. Define:

EC(f) =R () =D()| (13)

and choose £, so that:
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Fig. 6—Results of low-pass delay equalizer design.

0 a8 () = ER D]

k=1,2,+ M+ 2N +2

Where fo(“ = fml,n a-nd fM+2N+2(“ = fman:-
Fitting frequencies for the next iteration
are then determined by:

F0 = £, 4 g
. (7k+1<1) - ﬁ(i)) (ek+1m - Ekm)
(Bk.p.u) + Ek“))

(14)

where the formula for &« is given be-

low. Equation 14, with ¢ = 14, can be
obtained by considering only two adja-
cent extremes, assuming them to be of
opposite sign and joined by a straight
line which crosses zero at {,’, and then
determining £, so that &% =
&+, This vastly oversimplified model
was chosen because it is easy to imple-
ment and has the desirable property of
expressing the new fitting points as per-
turbations of the old. The factor a® was
introduced to control the magnitude of
these perturbations, allowing larger
changes when the approximation is far
from equal ripple and smaller changes
as the desired solution is approached.
Specifically, «'” is determined by:

a® = o, + (o — a;) e® (15)

where:
min 1, @
e — & [®]

(16)

v
max [z
k (]

and «, and o, are experimentally de-
termined constants currently chosen as
0.4 and 0.8, respectively. When Equa-
tion 16 becomes sufficiently close to one,
the iterative adjustment of the fitting
frequencies is terminated.

In the preceding paragraphs, it was
assumed that the sequence of problems
defined by Equations 11 and 12 is to be
solved before any adjustment of the
frequencies is made. The initial fitting

L




points are taken to be the zeros of the
Chebyshev polynomial of degree (M +
2N + 1), adjusted to the frequency
range of interest. This choice is some-
what arbitrary and, hence, one adjust-
ment of the fitting frequencies is made
at each step of the sequence defined by
Equations 11 and 12. Upon completion
of this sequence, the frequencies are ad-
justed until Equation 16 is sufficiently
close to one. The solution thus obtained
corresponds to an all-pass network whose
delay coincides with the desired curve
on at least (M + 2N -+ 1) points. The
maximum deviations which occur be-
tween these fitting points are the same,
within the tolerance specified in termi-
nating the adjustment of the fitting fre-
quencies. If less error is required, the
number of all-pass sections may be in-
creased.

EXAMPLES

The effectiveness of the algorithm out-
lined above can be seen by consider-
ing some typical practical applications.
Ward® used both an electrolytic tank and
a digital computer to produce an equal-
izer to approximate the function D (f) =
6.3 (1 — f) for 0 = f =1. The error
function for his six-section design (1
first- and 5 second-degree sections) is not
equal ripple and according to the graph
presented, has peak deviations of +0.15
second. A five-section design (1 first-
and 4 second-degree sections) deter-
mined by the new algorithm had an equal
ripple error of =0.1 second, as shown
in Fig. 4. Thus, a smaller error was
achieved with one less section. Running
time for the RCA 601 FORTRAN program
was about two minutes for this problem.
When six sections were used, the equal
ripple error of the network determined
by the new algorithm was =0.03 sec-
ond, down by a factor of about five
from Ward’s design. Poles for the two
six-section designs are listed in Table I.

The new method has found its widest
use, thus far, in the design of equalizers
for color Tv broadcast transmitters. Figs.
5 and 6 show results for a typical prob-
lem encountered. Fig. 5 is included to

TABLE [-——Comparison of Poles for Two
All-Pass Equalizers

Design by Ward [8] Design by new algorithm

a f a I
0.119 0 0.104 0
0.155 0.132 0.123 0.121
0.200 0.219 0.138 0.254
0.181 0.371 0.157 0.406
0.200 0.505 0.186 0.584
0.290 0.774 0.233 0.808

illustrate the value of knowing, under
the assumptions which underlie the algo-
rithm, whether a given error tolerance
can be achieved with a certain number
of sections. Previous work"® resulted in
four-section designs for equalizing a
specified delay curve for a broadcast
transmitter. Recent measurements on a
particular transmitter yielded a delay
curve similar to that used earlier,”® but
with a somewhat greater total excursion
and a more rapid rate of change near 4
MHz. After laboratory experimentation
had failed to produce a satisfactory four-
section design, the new algorithm was
employed. The results of Fig. 5 quickly
showed that a four-section design was
not adequate and the six-section design
of Fig. 6 was then produced.

Band-pass equalizers can also be de-
signed with the new algorithm and Figs.
7 and 8 show results for one problem of
this type. The delay curve to be ap-
proximated is considerably more compli-
cated than those of the previous exam-
ples. Fig, 7 illustrates an interesting
property of the algorithm as currently
programmed. As explained previously,
the fitting frequencies are perturbed
until the maximum absolute errors be-
tween fitting points are nearly equal. Al-
though the perturbation method was de-
rived under the assumption that adjacent
peak errors are of opposite sign, no such
check is made in the program and, in-
deed, the error shown in Fig. 7 does not
have this property. The solution is still
of practical value however, but one
should expect more accumulated phase
error across the band than would result
in the case of alternating peak errors as
illustrated in Fig. 8 for a four-section
equalizer.

CONCLUSIONS

A new method for designing all-pass net-
works has been developed and pro-
grammed for the RCA 601 computer at
RCA Laboratories. This program pro-
vides a much more effective tool for
delay equalizer synthesis than was pre-
viously available to RCA circuit de-
signers. Engineers from several divi-
sions of RCA have used the program
effectively to obtain equalizer designs
for a variety of applications.
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DATA COMMUNICATION IN THE
WORLD -WIDE NETWORK

This paper reviews some of the characteristics of HF radio and cable trans-
mission of data in the world network. Briefly discussed is the impact that satel-
lite communications systems may have on data communications channels. The
role of the international working parties of the CCITT* in assuring operating
standards for unhindered data flow between countries is explained. RCA Com-
munications, Inc., is vitally concerned with and active in all these efforts.

RCA Communications, Inc'., New York City, N. Y.

LECTRICAL communication between
E the continents had its beginning in
the work of Cyrus Field. One hundred
years ago he laid the first submarine
cable between the United Kingdom and
Newfoundland. The network which
grew from this beginning carried much
of the world’s commerce until World
War I when wireless made its debut.
Concurrently, the telegraph line of
Samuel Morse and the telephone line of
Alexander Bell developed into national
networks embodying wire lines, coaxial
cables, and microwave radio links. In
this decade, a new tool became available,
the satellite repeater. Field’s first cable
could handle only tens of words per
minute. Today’s cables handle many
thousand words per minute, and tomor-
row’s satellites will handle millions.

Final manuscript received October 7, 1966.

*In this paper CCITT denotes International
Consultative Committee for Telephone and Tele-
graph—and CCIR denotes International Consulta-
tive Committee for Radio.
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HF RADIO CHANNELS
The scope of radio, which embraces the
lower end of the electromagnetic spec-
trum, has broadened out from the early
wireless days, but for discussion we will

separate high frequency and microwave

and consider the latter along with cables
and satellites.

High-frequency (uF) radio, that is
frequencies between 3 and 30 MHz, have
been used for intercontinental communi-
cation for almost four decades. These
waves are propagated along a path
around the earth by multiple reflection
between the ground and the ionized lay-
ers which surround the earth from about
100 to 300 km above its surface. This
path is subject to severe fluctuations. It
is strongly influenced by the sun and fol-
lows a diurnal cycle. The ion density in
the reflecting layers builds up rapidly
under the ultra violet and other ionizing
radiation from the sun at sunrise, stay-
ing in equilibrium during the daylight
hours with a broad peak around roon.
When the sun sets, the ion density drops
rapidly in layers closest to the earth (D
and E) and more slowly in the outer
layers (F) due to the lower particle
density and longer mean free path.
The ion density determines the maxi-
mum _-frequency which can be propa-
gated by this means. The amount of
attenuation suffered by a signal is also a
function of the ion density; the lower
the frequency, the greater the attenua-
tion for a given ion density. Thus, below
the maximum usable frequency, the at-
tenuation of a signal will change slowly
with time as the ion density changes.
This phenomenon is flat fading.

The number of paths through the ion-
osphere between two points on the
earth’s surface is potentially large. The
ionized regions appear more as turbu-

lent clouds than firmly defined shells,
and while the reflection is not specular,
it follows Snell’s law to a first approxi-
mation. The difference in propagation
time between signals following different
paths varies up to several milliseconds.
When the difference between the princi-
pal rays is equivalent to an odd number
of half cycles of the carrier frequency,
sharp fading occurs due to phase cancel-
lation. In addition to this fading, there
is an uncertainty in the timing of the
mark-space transitions of the signal
caused by the presence in the detector
of an overlap of mark and space signals
from different paths. The time spread
between the first arriving signal and the
last can be many milliseconds; however,
we seldom find signals more than 3 ms
apart whose amplitudes are so nearly
equal that they seriously affect the mark-
space transitions.

With a possibility of a 3-ms uncer-
tainty in the timing of signal transitions,
short signaling elements are impracti-
cal. Element lengths equal to at least
twice the expected uncertainty are essen-
tial, and for a reasonably good operating
margin, elements at least 10 ms long are
required.

When data signaling rates much in
excess of 100 baud are encountered, the
bit stream must be commutated into a
number of channels not in excess of 100
baud and reassembled at the receiver.
Parallel channels capable of 100-baud
signaling can be derived from HF single-
sideband (ssB) transmissions by using
audio tones appropriately modulated
and separated by bandpass filters. The
CCIR* has recommended standards for
such transmissions which are in univer-
sal use on the worldwide network. The
tones, 170 Hz apart, are frequency modu-
lated with a modulation index of 0.8.




Schedule 4 data

Schedule 4A data Schedule 4B data

I Attenuation Characteristics
Meas. between 600-ohm 8 dB %= { @ (000 Hz
impedances at line-up

Short term = 3 dB
Long term = 4 dB

Expected max.
var. of (L)#
Frequency response Freq. range Var.-dB
350-2000 Hz —2 to +6
2000-2500 Hz —3 to 4-12

8 dB = | @ 1000 Hz 8 dB = IdB @ 1000 Hz

Short term == 3 dB
long term = dB

Short term == 3 dB
Long ferm == 4 dB

Freq. range Var.-dB
300- 1000 Hz —2 o +6
1000-2400 Hz —I| to 3
2400-2700 Hz —2 to 46

Freq. range Var.-dB
300-500 Hz —2 to 46
500-2800 Hz —1 to +3
2800-3000 Hz —2 to +6

Il Delay Characteristics

Circuit delay Not specified

Envelope delay Less than 1000/ms over

band from 1000 to 2400
Hz

Not specified Not specified

Less than 1000/ms over Lless than 500/ms @

band from 1000 to 2400  1000-2600 Hz; less than

Hz 1500 ms @ 600-2600 Hz;
less than 3000/ms @
500-2800 Hz

I Noise Characteristics

Circuit noise 48 dBa FIA (26 dB)
(S/N ratio})

Impulse noise Not specified

48 dBa FIA (26 dB) 48 dBa FIA (26 dB)

Not more than 70 noise  Ngt more than 70 noise

peaks/hr will exceed peaks/hr will exceed
—I|8 dBm (long term —I8 dBm (long term
average) average)

Fig. 2—Amplitude and delay limits established for data transmission by CCITT.

At the receiver the tones are separated
with bandpass filters and demodulated.
Dual-space diversity is used in the HF
receivers to control fast fading. The
signals are finally retimed, serialized,
and delivered to the user by land line.

On the transmit side, the serial bit
stream can be commutated into a num-
ber of parallel channels with little more
than a clock and a shift register. At the
receive end of a noisy, perturbed chan-
nel, the story is different: The timing in-
formation must be recovered from the
signal transitions, and the bits from the
parallel channels must be lined up and
serialized. The bandpass filters in the
parallel channels have different delays
which must be equalized.

Telegraph distortion, a measure of cir-
cuit and equipment performance, is the
amount by which the interval between
the bit transition and a sampling pulse
which marks the center of the bit inter-
val is greater or less than one half bit.
It is expressed as a percentage of the
bit, thus 50% is the maximum distortion
possible.

It is the nature of the bit edges or sig-
nal transitions to jitter giving rise to
distortion which can be measured in two
ways. Average distortion is measured by
producing pulses whose width is equal
to the amount of distortion and applying
them to a d’Arsonval meter. The time
constant of the meter circuit provides a
running average. Peak distortion is
measured by a latching type meter cir-
cuit which displays the greatest devia-
tion during the observation interval.

Undistorted signals are obtained by
sampling the detector output near the
center of each bit and releasing a per-
fectly timed bit of the proper sense. The
amount of distortion that can be cor-

rected by this sampling technique is
theoretically half the bit length less half
the sampling pulse length. In the HF
medium, the peak distortion is typically
30% to 40% with occasional peaks over
50% in the 100-baud parallel channels.
With the sampling technique it is pos-
sible to correct a single channel with up
to about 489 distortion. The propaga-
tion delay in the 3-kHz audio path be-
tween the channel modulators feeding
the radio transmitter and the demodula-
tors following the radio receivers is not
uniform with frequency, and in addition,
jumps with diversity switching, If the
sampling pulse timing is derived from
a single channel and applied to all chan-
nels, the correction capability is reduced
to about 409%. Furthermore, it is vir-
tually impossible to adjust the channel
delay equalizers on signals which are
bouncing around. i

To overcome this effect, each 100-baud
channel must recover its own timing and
deliver a regenerated signal to the
parallel to serial converter. This mul-
tiple regeneration is accomplished by
driving a bank of regenerators from a
stable crystal oscillator whose frequency
is 127 times the baud rate. In each chan-
nel regenerator a 2° countdown chain
which has one pulse per cycle normally
inhibited provides the sampling pulses
at the center of each bit. A detection
circuit compares each incoming transi-
tion with the corrected clock and either
inhibits a second pulse in the countdown
or cancels the inhibit on the first one to
slow down or speed up the sampling
pulses. In this manner a correction rate
of slightly less than 19 per bit is ob-
tained.

The outputs of the channel regenera-
tors are fed to the parallel-serial register

through delay equalizers which now can
easily be adjusted to bring the transi-
tions from the various channels into
alignment within about 19,. The high
speed serial clock in the parallel-serial
register derives its timing from one or
more of the parallel channels in a man-
ner similar to the channel clocks.

Bit error rates between 10~* and 10~°
can be obtained on all but the most
difficult radio circuits. This is reason-
able performance in itself, and where
higher orders of accuracy are required,
the circuit can be treated with standard
error conirol schemes. Interference,
particularly on night frequencies, when
propagation conditions are poor, is a
major problem. Born of congestion, it
is not likely to diminish in the future.

CABLE CHANNELS

Channels carried strictly on metallic
links are rather few in the worldwide
network, however, the term cable chan-
nel has become the designation for those
channels which are carried between con-
tinents and islands by an underwater
coaxial cable, and the terresirial tail
circuits associated with them. These
tails may, themselves, be coaxial cable,
wire line, line-of-sight microwave, or in
a few extremes tropospheric scatter
links. These latter links introduce prob-
lems similar to ®F links, but not as
severe.

The attenuation in a cable channel is
fairly stable over long periods of time.
The submarine environment has a fairly
constant temperature and the voltages
applied to the cable are well regulated.
The terrestrial ends show small slow
changes dué to environment but these
can be controlled by a pilot-operated
AGc system. Transient effects such as
short dropouts, noise bursts, and phase
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excursions do occur and constitute the
main problem.

In modern communications systems,
many channels must be multiplexed on
a coaxial cable to make its operation
economically feasible. The individual
channels are multiplexed in a frequency
division system in groups of 12 with
appropriate bandpass filters and control
pilots. The groups, in turn, are com-
bined five at a time into super groups in
a similar manner. The total transmis-
sion package then consists of similarly
combined super groups. Within this
kind of a system, most of the problems
arise from the channel derivation equip-
ment and noise.

The most common unit of bandwidth
in the worldwide network is the voice
channel. It is derived from wider band-
widths by frequency division multiplex.
In the national systems the channel cen-
ters are 4 kHz apart yielding a channel
approximately 3.3 kHz wide (100 to
3,400 Hz). To gain maximum voice
capacity in the submarine cables for
economic reasons, the channels are
spaced 3.0 kHz yielding approximately
2.7 kHz (300 Hz to 3,000 Hz). The
actual usable bandwidth for data trans-
mission is determined by the differential
delay as well as by the amplitude and is
less than the figures given above. Typi-
cal delay curves are shown in Fig. 1 for
the 3 kHz and 4 kHz cases.

Standard amplitude and delay limits
have been established for data transmis-
sion by the CCITT. These range from
voice grade (raw channel) to fully con-
ditioned channels. The more important
grades are shown in Fig. 2. These cri-
teria are not difficult to meet on single
links, but pose a problem when links
are connected in tandem.

Three main systems of modulation are
in current use on the commercial data
network. Frequency modulation is the
most common at speeds up to 1,200
baud. Phase modulation is used at
higher speeds as well as lower, and ves-
tigial sideband amplitude modulation
works well at the higher speeds.

Frequency shift keying (Fsk) is a
carryover from the earlier HF systems.
It is widely used at speeds up to 100
baud for telegraphy in narrow channels
(120 Hz) and the CCITT has standard-
ized an Fsk modem (Rec. V23) for data
transmission at speeds up to 1,200 baud.
The modulation index at 1,200 baud is
0.66, which is a little less than optimum,
but still provides good spectral distri-
bution around the 1,700-Hz carrier
frequency. Similarly, V23 specifies a car-
rier frequency of 1,500 Hz and a modu-
lation index of 0.66 at 600 baud. In the
U.S., the Bell System Dataphone service
utilizes the Western Electric 202 modem

with Fsk at a carrier frequency of 1,700
Hz and a modulation index of 0.83 at
1,200 baud. The Dataphone uses the
two wire switched telephone network.
Western Union Broadband exchange ser-
vice (BEX) is a four-wire switched net-
work providing service similar to the
Dataphone. The Western Union modem
utilizes Fsk with a carrier frequency of
1,800 Hz and a modulation index of 0.66
at 1,200 baud.

Vestigial sideband amplitude modula-
tion has been in use on international
circuits for a number of years. Since it
transmits only the lower sideband and
a small remnant of the upper sideband,
it enjoys nearly a two-to-one bandwidth
advantage over Fsk and psk. With the
carrier positioned at 2,800 Hz, a speed of
4,800 baud is possible on a well-condi-
tioned voice channel.

Phase shift keying (psk) is well
suited to channels which have a low
noise level permitting multilevel modu-
lation. Demodulation is accomplished
by comparing the phase of the incoming
signal with a local oscillator or with the
previous bit which has been stored. In

‘the former, the absolute phase difference

determines the element polarity; in the
latter, the change in phase determines
the polarity. When a local reference
oscillator is used, it must be phase
locked to the source by a pilot frequency
or by timing recovery from the signal
transitions themselves. The simplest psk
system uses phase criteria 180 degrees
apart to denote mark or space. Two
binary bit streams which are synchro-
nous can be combined into a 2° (or
4-level) system which can be assigned
phase criteria 90° apart. Similarly,
three binary bit streams yield 2° (or
8-level) modulation with criteria 45°
apart. The 8-phase system is marginal
on many parts of the world network at
the present state of the industry and
represents an upper limit,

The instantaneous signal voltage at
the detector regardless of the modula-
tion system is the vector sum of the spec-
tral components distributed throughout
the band. Thus, any perturbation, static
or time-varying, which alters the relative
phase-or amplitude of the components
will produce distortion.

The channel derivation multiplex has
filters which produce delay characteris-
tics similar to that shown in Fig. 3. By
adding delay to the center portion of the
channel, the usable bandwidth can be
increased. Commercial equalizers are
available which are adjustable in 200 Hz
steps from 750 to 2,950 Hz to a shape
which approximates the inverse of the
channel delay.

Each section of the equalizer is an
all-pass network containing a resonant

circuit which introduces up to about 2
ms delay at its resonant frequency. The
relationship between delay and fre-
quency for a typical section is shown in
Fig. 4 for high and low settings of the
adjustment. At a nominal 200 Hz be-
tween sections, a fairly smooth resultant
curve can be obtained for moderate
amounts of delay, but when the sections
are adjusted near maximum, the over-
laps are not as great and a ripple ap-
pears in the delay curve. For nominal
bandwidths (600 Hz to 2,600 Hz) this
problem is not too serious, but for the
higher speed transmission where the
delay must be compensated down to 400
Hz, the high rate of change of delay with
frequency in the raw channel is a diffi-
cult problem. Equalizer sections which
have a high rate of change of delay with
frequency have a narrow bandwidth,
requiring more closely spaced sections.
Furthermore, the all-pass delay networks
are similar in nature to the transmission
channel networks making it rather diffi-
cult to produce conjugate characteris-
tics. The sections nearest the center of
the channel require the greatest delay,
hence, have the steepest delay curve
whereas the sections at the channel
edges have the least delay and the flat-
test delay curves. This is opposite to the
slope of the channel curve we are trying
to correct.

Noise appears at the output of a cable
channel from several sources. Under-
water sections are relatively quiet but
still generate about one picowatt of
white noise per kilometer, Channels in
terrestrial microwave and cable tend to
be noisier because the thermal environ-
ment is less stable and the cables tra-
verse telephone plant where they can
pick up noise from other circuits. Im-
pulse noise from telephone switch gear
is also a serious offender. Permissible
noise objectives are contained in CCITT
Recommendation G.222,

The effects of the noise on a signal
depends somewhat on the modulation
method. A noise burst in the channel
puts a noise spectrum on top of the sig-
nal spectrum which distorts the enve-
lope. In the case of Fm it may or may
not result in a wrong decision in the
detector. In an AM system, the space
condition is always wiped out by a noise
burst. The psk detectors compare the
signal with a reference oscillator or the
previous bit which has been stored. This
is a more powerful method of detection,
because it searches out coherance, but
it suffers if there are phase perturba-
tions in the channel translation oscilla-
tors. The translation oscillators in a
12-channel group are controlled by a
group pilot. When noise, such as cross
products from other channels, lands in




the pilot channel it may cause the AFc
system to jitter and produce a sharp
change in phase in the channel deriva-
tion oscillators. If this shift in phase
occurs within the interval of one bit, and
has a magnitude approximating the
phase shift of the modulation, an error
will occur. In practice, 2-phase and
4-phase modulation work fairly well, but
the error rate on 8-phase modulation sys-
tems is marginal.

In recent tests between RCA Com-
munications, Inc., San Francisco, and
Tokyo using Rectiplex equipment fur-
nished by their correspondent, the
Kokusai Denshin Denwa Company error
rates of 0.57 X 107° were obtained with
a 4-phase system, and 1.18 X 10~° with
an 8-phase system. These rates were
obtained on the submarine cable; how-
ever, the phase perturbations on the
transcontinental network were too great

to permit extension of the tests to New
York.

SATELLITE CHANNELS

In April 1965, a new and important
member joined the family of communi-
cations facilities. The EARLY Birp satel-
lite was launched from Cape Kennedy
and took its place over the equator near
mid Atlantic. After preliminary tests
and alignment, channels were made
available by Comsat to the International
Record carriers to observe the perfor-
mance of these channels in the regular
data and telegraph services. RCA Com-
munications, Inc. participated in these
tests on June 9 and 10, 1965 and Janu-
ary 19 and 20, 1966. Some of the results,
and a comparison with similar services
using submarine cable channels, are
quite interesting.

The channels used were 4B-equalized
and were carried over AT & T facilities
to the Andover, Maine, earth station.
The June 1965 tests began using the
European earth station at Raisting,
Germany, but due to technical difficul-
ties on June 10, 1965, the control was
shifted to the Goonhilly Downs earth
station in England. The January 1966
tests were carried out with Rome via
the Fucino earth station.

Satellite channels are derived by fre-
quency division multiplex similar to that
used on terrestrial microwave links and
submarine cables. The delay distortion
due to the channel filters is therefore
approximately the same. The channel
centers are spaced 4 kHz, and when
combined with equalized tails 4B end-
to-end characteristics were easily ob-
tained. Since the observing period was
short most of the effort was concentrated
on noise and stability observations.
End-to-end noise levels were measured
at —40 dBO or lower on the Frankfurt,

Germany and Paris, France channels.
The noise level on the Rome channel
was —30 dBO.

Loop propagation time, which is an
important parameter in error correcting
data systems, was measured as follows:

New York-Paris-New York—530 ms

New York-Frankfurt-New York—540 ms

Transient phenomena are the most
troublesome in data transmission. Im-
pulse noise accounts for a large share
of the errors received and occurs in a
random fashion. The main source of
impulsé noise is not in the space seg-
ment, but is in the terrestrial links
which share a common environment with
automatic telephone and telegraph
switching centers. Phase perturbations
on the transmitted signals were expected
and observed. The translation error in
the multiplex was very low, 1 part in
200,000. Superimposed on this slow
change in phase (1.8°/second at 1000
Hz) were short phase perturbations of
about 5° to 10°. The measurements
were limited by the time constant of the
recorder so that the rate of change of
phase could not be accurately deter-
mined; however, a phase shift of 10° in
less than the duration of a bit would
make 8-phase psk with a 45° total devia-
tion marginal.

The differential delay due to the voice
multiplex channel filters is about the
same as a terrestrial microwave system.
However, superimposed on the delay
curve is a variation of about 400 micro-
seconds, peak-to-peak. Although the

synchronous satellites remain substan-
tially over the same point on the earth’s
surface, small movements along all three
axes take place due to inaccuracies of
the orbit and noninformity of the earth.
This gives rise to small changes in path
length and accompanying changes in
propagation time.

CONCLUSION

We have discussed some of the more
interesting characteristics of wr and
cable transmission in the World network
as it is today. We have had a preview
into the satellite channel picture through
the test programs and we are on the
springboard ready to dive into data via
satellite when the channels become
abundantly available. The satellite story
is short, but even as this paper goes to
press, it will be growing with new
“birds” going aloft.

The international working parties of
the CCITT meet regularly around the
world to set down standards of opera-
tion to assure that data can flow from
country to country without hindrance.
The worldwide network is indeed a
crucial link in the information explosion
of the sixties, and RCA Communications
forms an important part of that network.
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SATELLITE COMMUNICATIONS—WHAT NEXT?

The demand, applications, and technology for future satellite communica-
tions is discussed by the type of service. Transoceanic and military point-to-
point telecommunication is described as the natural extension of the world-
wide trunking networks. Intranational service is portrayed as a high capacity
trunk or a TV distribution network. Direct-to-home TV and radio are examined
under the broadcasting service application. The broadgathering service, exem-
plified by the world-wide weather network, emphasizes the needed growth in
satellite receiver and antenna technology. The mobile service application
indicates some of the unique possibilities offered by satellite communication.
Key technological growth areas are identified in each service.

uE future growth of satellite com-

munications depends on the same
few factors which are historically com-
mon to the continued growth of any
form of communication—an advancing
technology, an economic satisfaction of
demand, and unique service qualities or
capabilities. Transoceanic telecommuni-
cations exemplifies these characteristics.
In 1956, a submarine cable* (TAT-1),
with 36 circuits, began the replacement
of radio by cable as the primary means
of meeting the growth demands of trans-
oceanic service. In 1965, the EARLY
Binp satellite,” with a 240-circuit capac-
ity, had 64 operational transatlantic cir-
cuits. This demonstrated that satellites
can complement the submarine cable by
implementing the capacity needed to
meet future demands. Satellite com-
munications will impact many existing
communication services, and its growth
is assured by exploding technology
trends and unique service capabilities.

BACKGROUND
The growing population of communica-
tion satellites, shown in Fig. 1, pro-
ceeded from experimental objectives to
first starts of commercial (EARLY Birp)
and military, the Initial Defense Com-
munications Satellite Program—Ipcsp®
systems in just a few years. A steady
increase in booster capability now pro-
vides thrust for heavier or multiple satel-
lite launches. This increase in payload
capability, shown in Fig. 2, permits in-
creased prime and radiated powers at
higher orbit altitudes. A satellite in an
orbit altitude of 18,200 nmi provides a
synchronism with the 24-hour earth
rotation. With the satellite in the equa-
torial plane, it always remains over the
same point of the earth’s surface. At
this altitude the satellite radiates a line-
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of-sight coverage of 32.89% with a
ground antenna elevation angle of 5° of
the earth surface (Fig. 3). For other
applications, a narrow beam remaining
over a fixed small area on the earth is
within the state-of-the-art. Synchronous
satellites correct initial launch injection
errors and small perturbations due to
solar and lunar influences and the earth’s
oblateness with on-board stationkeeping.
Today’s Triran III-C booster capability
easily launches six to eight satellites
into synchronous orbit.

HIGH CAPACITY TRUNK ROUTES

The point-to-point transoceanic telecom-
munication service has been addressed
by the TeLsTAR, RELAY, SYNCoM, EARLY
Birp, and InteELSTAT II sequence of
satellites. This commercial service in-
cludes telephone, television, telegraph,
telex, and facsimile. Today, 195 million
telephones ring the world. Estimates for
1980 indicate that there will be 500 mil-
lion phones in use, an ‘increase of 2%
times over the present number. Even

Fig. 1-—Communication satellite launches.
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more critical to transoceanic telephony
is the prediction that 70 million over-
seas calls will be placed in 1980, nine
times the 1965 amount. How is this
demand to be met?

In 1915, the radio telephone was
demonstrated between Paris and Arling-
ton, Va. Twelve years later, in 1927, com-
mercial service established between New
York and London, logged 2,300 calis.
by 1955, users could reach 108 countries
via radio and placed 1,700,000 calls. In
September 1956, the first trans-Atlantic
submarine cable (TAT-1) was placed in
service linking the United States and
Great Britain. A growth rate of 209, per
year occurred and in 1965 over 8 million
calls were placed. The cable network
provided more circuits and faster ser-
vice. Today the cable network, shown in
Fig. 4, provides world-wide connectivity.

Cable technology has increased the
circuits per cable from 36 initially in
TAT-1 to 138 in TAT 3 & 4. Newest
plans call for a cable between Florida
and St. Thomas, with 720 circuits. The
predicted demand for transoceanic cir-
cuits is shown in Fig. 5. Cables now
supply about 600 North Atlantic cir-
cuits. These predictions*® show the de-
mand for the North Atlantic, the total
United States terminations, and the total
world. The figures do not include fore-
casts for television or the anticipated
surge in computer-to-computer require-
ments. It is obvious from these estimates
and the successful demonstrations of
Earvy Birp, that communication satel-
lites can have a significant role in com-
mercial transoceanic telecommunica-
tions.

Typical of the earth terminals is
Canada’s experimental earth station® at
Mill Village, Nova Scotia (Fig. 6). This
was completed in February 1966. Sig-
nificant advances in this station were the
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high efficiency cassegrainian feed sys-
tem’ and the wide operating frequency
range (3.7 to 4.2 GHz with 200-MHz
instantaneous bandwidth). An 85-foot-
diameter parabolic antenna mounts on
an azimuth-elevation type of pedestal.
A 120-foot-diameter inflated radome
encloses the antenna system. The an-
tenna gain is 58.9 and 61.0 dB at 4.1
and 6.2 GHz, respectively. Total system
noise temperature is 60° K at a 7.5°
antenna elevation. A 27.dB gain para-
metric amplifier, cooled to 4.2° K by
liquid helium is followed by a 20-dB,
4.5-dB noise-figure tunnel-diode ampli-
fier. Transmit power is 10-kW peak for
ssB and 8-kW carrier for ¥m. The ssB ca-
pability allows for tests with the NASA
Application Technology Satellites.
NASA will test with ssg up-link trans-
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mission with the satellite—converting
the modulation to pM for down-link
transmission.

Presently, ¥m up, ¥M down is in use
commercially,. RCA Victor, Montreal,
designed and developed this terminal
for the Canadian Department of Trans-
port. As the global commercial system
develops, approximately 50 to 75 ter-
minal sites, with 100 antennas, could be
placed into service in the 1970’s. Ground
stations now in operation or under con-
struction at sites are shown in Fig. 7.

THE POINT-TO-POINT
MILITARY REQUIREMENT

In contrast to the commercial point-to-
point service, the military system adds
requirements— classified traffic, high
survivability, increased reliability, These

Fig. 4—Submarine cable network,

characteristics have evolved into the
Department of Defense developed Initial
Defense Communication Satellite Proj-
ect (Ipcsp) under the Defense Com-
munication Agency (DCA). Eight satel-
lites, deployed in a circular orbit of
18,200 nmi on June 16, 1966, represent
the start of operational military tests.

Transportable ground terminals devel-
oped for this service are the AN/MSC-46
(Mark 1-B) and AN/TSC-54 (Mark V).
The Mark 1-B has a 40-foot-diameter
parabolic antenna and can be trans-
ported by air. It has a 27-man operating
crew. The Mark-V uses an 18-foot
clover-leaf antenna structure with four
separately feed dishes. A single C-130
aircraft transports the terminal, six
operating personnel, and the support
equipment.
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This system can rapidly extend the
basic DCA beltline communications net-
work to any crisis area or reestablish
emergency capability in the event of
natural (earthquake) or man-made dis-
ruption. Ipcsp provides communications
to major headquarters, field command-
ers, and selected ship and airborne
terminals.

Primary stations operate at Fort Dix,
N.J., and Camp Roberts, Calif. These
stations have 60-foot antennas and were
originally built for the U.S. Army
ApvENT program. Transportable termi-
nals testing Incsp are located in Hawaii,
the Philippines, West Germany, and
Asmara, Ethiopia.

The prior effort on moon bounce
(D1ana), Scorg, COURIER, ADVENT, and
the NASA SynCom programs contrib-
uted to the success of the Incsp program.
The Apcsp (Advanced Defense Com-
munications Satellite Program) aims at
providing a future system of increased
capabilities for transmission of voice,
telegraph, data, and graphic communi-
cations to an increased population of
military users.

TRUNK ROUTE IMPLEMENTATION

Present satellite implementation of
point-to-point trunk routes is not very
efficient. The synchronous satellite an-
tennas provide the 17.5° earth coverage
(Fig. 8) plus an allowance for stabiliza-
tion inaccuracy. The bulk of the trans-
mitted energy dissipates everywhere but
at the receiving antennas. High-gain
directional antennas (with multiple
beams), significantly increasing the
energy received at gateway terminals,
need development. The narrow beams
to Andover and Goonbhilly, in Fig. 8,
show the improvement possibilities.
Elimination of the stabilization error
becomes more critical as the antenna
angle is reduced. Beam pointing of the
satellite antenna system provides addi-
tional and significant improvements in
efficiency. While 1,200 MHz were allo-
cated to satellite communication, only
50 MHz was allocated on an exclusive
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basis, therefore spectrum crowding will
rapidly be a problem for satellites as it
has been for the Earth radio spectrum.

INTRANATIONAL ROUTING

Intranational routing is the application
of satellite communications for national
telecommunication service, and contrasts
with transoceanic service between two
or more countries. Communication satel-
lites would, in general, be competing
here with the services provided by cable,
microwave, and troposcatter. The USSR
has begun operational experiments with
the MoLnyaA satellite. There are discus-
sions in the United States to fly a domes-
tic Tv distribution satellite. This satel-
lite would relay, from a few origination
points, program material to the approxi-
mately 500 Tv local transmitting stations
in the United States. Such a system has
been advanced by many organizations
and its implementation is within the
state-of-the-art. A satellite weight of
about 1,500 lbs can provide about 10
simultaneous 1v links. The power re-
quired would be about 300 watts.
Conceivably, a Tv distribution net-
work could also be used for high-speed
data between computer centers when
such a service is required. Special
encoding techniques will have to be em-
ployed to maintain error control over
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the time delays of satellite transmission.
Communication satellites will be highly
competitive to existing services in coun-
tries where a large capital investment in
facilities has not been made. The under-
developed countries, in particular, will
have an advantage in selecting and com-
paring satellites for rapid expansion of
their telecommunication plant. In con-
gested terminal points, satellites allevi-
ate a spectrum crowding which is near-
ing saturation in many cities.

BROADCASTING

High-powered, physically-large space-
craft provide the capability to transmit
1v" and radio directly to home receivers.
Achievement of this service will have
tremendous impact in advancing the
mutual understandings among nations.
In the United States and Europe, 1v for
entertainment, education, news, and
weather service will start a growth curve
in the 1970’s. In underdeveloped na-
tions, where the cost of transmitters per
person per square mile ratio is high,
satellites offer an expansion of broad-
casting services to significant percent-
ages of the population. Use of this capa-
bility for education will have significant
social impacts.

A 1v broadcasting satellite requires a
large antenna aperture and kilowatts of

Fig. 5—Telephone circuit requirements.
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prime power. Currently, an experi-
mental satellite to test the operational
environment of this service has been
studied. The Vista satellite’ has typical
system parameters as shown in Fig. 9.
Developments are already in progress in
all technologies needed to implement
this service.

BROADGATHERING

The inverse of the broadcasting mode
finds many satellite applications. Broad-
gathering occurs when many small (rela-
tively cheap) sensors or local report
transmitters have wide geographic dis-
tribution and the satellite acts as a data
gatherer. The satellite dumps its collec-
tion of large quanities of data to a few
central processing stations for edit and
information extraction. The world-wide
weather system is an example of this
service.

A satellite for the gathering service,
by its functional requirements, will in-
troduce complexity and high perfor-
mance in the receiving portion, keeping
the cost of the large number of ground
terminals to a minimum. At synchro-
nous altitude a radar antenna’s pointing
capability is needed on the satellite. If
in lower orbit, then the satellite can be
multi-purpose carrying sensors of mete-
orological interest. The RCA-developed
Tiros and Essa' satellites are examples
of this community of interest.

MOBILE SYSTEMS

The military application of Incsp and
Apcsp is primarily of a strategic orien-
tation and, although these systems work
in tactical areas, neither is really “tac-
tical” in the military meaning of the
word. The size and complexity of the
terminals limit their battlefield use. A
truly tactical concept would place com-
plexity in the satellite and extreme sim-
plicity on the ground. Many mobile
systems consist of a large number of low
traffic users, to whom it is important to
have instant service when needed.

Another example of introducing com-
plexity in the bird to benefit the small
user is the commercial satellite studies
for ship-to-shore (156-MHz to 162-MHz)
and air-to-ground (118-MHz to 136-
MHz) service. In some concepts this
service has been combined with high-
density trunking (4 to 6 GHz) in the
spacecraft. Provisions for possible cross-
over between two frequency bands are
being considered. Switching selection
between any of the microwave down-link
transponders is made by up-link micro-
wave frequency selection. This limited
capability will be improved with the
start of other types of switching, such as
space division in the 1970’s.

Fig. 6—Canada’s Mill Village earth station,
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Impetus for this application comes
from the air traffic control problem over
the North Atlantic. The HF communica-
tions will be replaced by more reliable
satellite communications, gaining needed
safety for higher performance aircraft
and increased flight densities. Satellite
navigation concepts to augment the com-
munication requirements are under
study by a number of agencies. In mo-
bile systems, the signal processing and
multiple access problem are highlighted

for effective utilization of satellite band-
width and power.

TECHNOLOGY

One of the most important aspects of
communication satellites is the efficient
generation of power.™” As shown in
Fig. 10, the solid-state approach is
favored at lower frequencies and power
levels. At higher frequencies and powers
the traveling-wave tube (TwT) is pre-
ferred. While improvements in solid-
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Fig. 9—Typical system parameters.

state devices will permit its selection to
the right of the curve, development effort
in TWT’s promises higher efficiencies and
broader bandwidth. The selection will
be made on the basis of the specific
application when near the locus curve.
In the early 1970’s, paralleling and phas-
ing schemes will permit increasing the
power (with reduced efficiency) to 500
watts at vHF and 100 watts at 7 to 8
GHz.

The need for directive antennas,
phased arrays, and multiple beams ap-
pears to be established by the various
applications already discussed. The
entry of other than spin-stabilized con-
trol systems such as gravity or momen-
tum systems provides an antenna plat-
form which can be constantly directed
to earth. Today, spinning satellites re-
quire electronic or switched phasing of
a circular ring of elements, or mechani-
cal despining the antenna to maintain
the beam pointed at earth. The
“stabilite” momentum control system™
used a single reaction wheel to attain a
three-axis attitude stability.

The achievement of an antenna point-
ing control system is increasingly impor-
tant as narrower beams come into use.
The NASA Advanced Technology Satel-
lites and the Lincoln Experimental
Satellites™ are proving grounds for
many of the new techniques which will
have widespread applications in the
1970’s,

CONCLUDING OBSERVATIONS

Other, hard-to-definitize applications are
striving for concepts to use satellites.
Many experts believe that data com-
munications volume will outpace tele-

phone requirements by 1980. The inter-
connection bandwidths needed between
computers and for the expected wide
influx of shared computer systems will
place a heavy demand on data communi-
cations. The computer also brings the
information retrieval applications. Docu-
ment communication requires wide
bandwidths. In the field of education
where computers and communcations
are just starting to integrate a heavy
new demand for bandwidth will occur.

The observation of a critical opera-
tion with new and expert practice will
be widely viewed by local medical prac-
titioners. The music class will attend
an operatic performance in Italy by edu-
cational Tv. The art, archaeological,
engineering—all levels of all knowledge
tree branches can identify the one place
or one time characteristics which cur-
rently prevents the viewing value from
being widespread. Surely, communica-
tion satellites will find many oppor-
tunities in the 1970 and 1980’s to satisfy
needs which today are far out.

The field of satellite communications
has a challenging future in its applica-
tions and technology. It™ has unique
stature in its predicted impact on society
and in the development of new classes of
communications service. Satellite base
systems offer solutions to the growing
volume, variety, and complexity of com-
munications. With increased booster
capabilities, heavier and more sophisti-
cated satellites will come under study
for other advanced application concepts
heretofore unable to be addressed eco-
nomically by any existing communica-
tion media.
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HDRSS—A HIGH DATA RATE STORAGE
SYSTEM FOR NIMBUS B

The high data rate storage system (HDRSS) is being developed to provide
storage and reproduction of data aboard the NIMBUS B Satellite. The system
uses a 5-channel 2-speed fape recorder and a 5-channel frequency division
multiplexer. The system is fested using a bench checkout unit, which simulates
spacecraft signals and ground station processing functions.

R. CURRY
Astro-Electronics Division, DEP, Princeton, N. J.

HE high data rate storage system

(uprss) (Fig. 1) is being developed
by RCA for NASA to provide storage
and replay of sensor data aboard the
Nimsus B satellite. NimBus B is the
third satellite to date in the NiMBUs
series.

The NiMBUS program involves stabi-
lized, experimental meteorological satel-
lites designed to circle the earth in a
600-nmi, near-polar, sun-synchronous
orbit with an orbital period of approxi-
mately 107 minutes. The Nimpus tele-
vision and infrared sensors provide com-
plete coverage of every point on the
earth’s surface once in daylight and
once in darkness every 24 hours. During
each orbital revolution, continuous in-
frared mappings and 31 single-frame tel-
evision photographs are made.

On Nimeus I, orbital coverage photo-
graphs were obtained using a rapid-
readout (6.4 seconds) automatic vidicon
camera system (Avcs) and a tape re-
corder with a 1:1 record-playback speed
ratio, resulting in a video bandwidth of
60 kHz for an 800-line picture. This
bandwidth, suitable for transmission to
the two high-gain command and data
acquisition (cpA) ground stations, is too
large for the smaller weather stations
provided around the world for use with
Tiros automatic picture transmission
(apT) satellites. The APT camera read-
out time is 208 seconds, resulting in a
video bandwidth of 1.6 kHz.

To provide the capability both for
real-time transmission to the local sta-
tions and complete orbital readout at the
CDA station, the tape recorder speed-up
concept was adopted. The Hprss (Fig.
1) consists of redundant spacecraft tape
recorders and multiplexers, ground sta-
tion demultiplexers, subcarrier demodu-
lators, digital decoders and video display
equipment. Some of the ground station
equipment was designed during the
Nimpus I and IT programs; the space-
craft equipment was designed specifi-
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cally for NimBus B. The spacecraft sub-
system (Fig. 2) weighs 32 pounds and
requires a power of 23 watts.

The heart of the HDRSS is a 5-channel
tape recorder which stores and repro-
duces digital data and analog video sig-
nals for transmission to NiMBUs ground
stations. During an orbital revolution
the signals from four sensors and a
clock are transmitted in real time to
local stations and simultaneously stored
in the tape recorder. Later, as the space-
craft passes over a ground station, the
data is read from the recorder at a rate
32 times that at which it was recorded.
The signals from the five tracks are fre-
quency multiplexed and transmitted to
earth via an S-band FM communications
link.

FUNCTIONAL DESCRIPTION

The tape recorder (Fig. 3) operates in
two modes: record and playback. The
modes of operation are controlled by the
record end-of-tape switch (reverts to off),
the playback end-of-tape switch (reverts
to record) and the record on, playback
on, and off commands. Both recording
systems may be operating simultane-
ously; alternatively, the two recorders
may be operated sequentially to provide
greater storage capacity.

Five signals are recorded in the
Hprss: The image dissector (1p) video
signal (0 to 1,600 Hz); the high reso-
lution infrared radiometer (HRIR) signal
(0 to 360 Hz) ; the infrared interferom-
eter Spectrometer (Iris) signal, a bi-
phase 3,750-bits/s data signal; the me-
dium resolution infrared (MRIR) signal,
a biphase data signal at a rate of 1,600
bits/s; and the timing signal, a 2,500-
Hz carrier, amplitude modulated by the
100-bits/s NASA Minitrack pulse width
modulated (pwM) time code.

Recorder Electronics

Before the 10 and HRIR signals are re-
corded, they are converted from video to
frequency modulated subcarrier signals

ROBERT C. CURRY received the BSEE from Newark
Coliege of Engineering in 1957 and the MSEE from
the University of Rochester in 1961, Since Mr.
Curry joined RCA in 1963, he has worked in two
principal areas: communications for weapon sys-
tems and communications for satellite-to-ground
links. In weapons communications, the emphasis
was on reliable fransmission of data over a surviv-
able network while maximizing system safety. In
satellite communications, he has been conducting
studies to determine system configuration and mo-
dulation techniques for the fransmission of video
data over satellite communications links. At the
Space Technology Laboratories (196} to 1963), Mr.
Curry served in the Minuteman program office as
Assistant Project Engineer for the Communication
Command Network. At the University of Rochester,
where he was a graduate research assistant {1959-
1961), and at General Dynamics/Electronics (1957-
1959}, he developed special purpose digital sys-
tems, and performed research on solid-state
devices., Mr. Curry holds several United States
patents and is a member of Sigma Xi and the 1EEE.

in the tape recorder electronics. The
time-code, IRIS, and MRIR signals are
amplified and are then recorded directly
without further processing.

Tape Transport

The FM modulators and the input ampli-
fiers are located on an electronics mod-
ule in the tape recorder assembly but
are not coniained in the transport en-
closure. The transport enclosure, which
is pressurized to 2 psig with an inert gas,
contains the drive motors, the record
heads and head driving amplifiers, the
playback heads and differential playback
preamplifiers, and some of the motor
control relay circuits. The playback
phase equalizers (digital tracks) and
the playback limiters are located on the
electronics module outside the transport
enclosure. The mrikR and i channels
have only playback amplifiers and lim-
iters.

The urIR signal, at playback speed, is
a frequency modulated wave with a
center frequency of 87.5 kHz with a fre-
quency deviation of *13.75 kHz at a
maximum modulating frequency of 11.5
kHz. The v signal, at playback speed,
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Fig. 1—_High Data Rate Storage System, block diagram.

is a frequency modulated wave with a
center frequency of 96 kHz, a peak fre-
quency deviation of 24 kHz and a maxi-
mum modulating frequency of 51.2 kHz.
The timing signal is an 80 kHz carrier,
amplitude modulated by a 3.2-kilobits/s
pwM waveform. The 1ris and MRIR play-
back channels are amplitude and phase
equalized and are amplitude limited.
They contain biphase data at 120 and
53.3 kilobits/s, respectively. The Ip, HRIR,
and timing signals from the recorder go
directly to the multiplexer; while each
biphase signal first passes to a repeater
which removes some of the high-fre-
quency jitter introduced by flutter in the
tape recorder.

Biphase Repeater

The two biphase repeaters (Fig. 4) are
identical except for the data and clock
bandwidths. The incoming signal and
noise are amplified, band limited, and
amplitude limited. The output of the
limiter is then processed simultaneously
on two separate paths: a timing extrac-
tion path and a data path. In the timing
extractor the incoming data is differen-
tiated and used to drive a one-shot pulse
generator. The standardized pulses from
the one-shot are combined with the out-
put of a voltage controlled (saw tooth)
oscillator (vco) in a multiplier. The out-
put of the multiplier is filtered to
develop an average bias voltage which
controls the frequency of the vco. The
output of the vco (the extracted timing)
is used to sample the incoming signal in
the data path. Additional flip-flop stages
are used to generate pulses during tape
dropouts so that the decoder at the

BIPHASE REPEATER

ground station will not lose synchronism.
If this feature were not provided, the
ground station decoder would lose data
during reacquisition of timing in addi-
tion to the data lost during the dropout.
The output of the 1Rr1s repeater, a square
wave digital data signal, still in biphase-
level format at 120 kilobits/s (53.33
kilobits/s for MRIR) is passed to the
spacecraft multiplexer.

MULTIPLEXING

The IRIS, MRIR, HRIR, timing, and ID
signals are fed to the multiplexer (Fig.
5) where they are heterodyned, filtered,
and added to form a composite signal
with a frequency spectrum ranging from
pc to 700 kHz. The input signal ampli-
tudes are approximately 3 volts peak-to-
peak, while the composite output signal
amplitude is 5.5 volts peak-to-peak.

IRIS Signals

The iRis signal is assigned the lowest
frequency multiplexer channel, covering
the range from pc to 132 kHz (within
—3 dB). No heterodyning is required
for the-§ignal; this multiplexer channel
consists simply of a low-pass filter.

In the ground station demnltiplexer
(Fig. 6), the 1is channel consists of a
low-pass filter and an equalizer which
corrects the phase response of the cas-
caded multiplex-demultiplex filters to
within += 1 pgs.

Timing Signal

The second channel is the timing chan-
nel with a passband from 171 to 203
kHz. The input signal consists of an

TAPE TRANSPORT

ELECTRONICS MODULE

TAPE RECORDER

MULTIPLEXER

Fig.:2-—Spuacecraft subsystem of the HDRSS,

80-kHz carrier, amplitude modulated by
a PwM time code which has a pulse repe-
tition frequency of 3.2 kHz and pulse
durations of 60 and 180 gs for 0 and I,
respectively. The timing signal is heter-
odyned with a 267-kHz local oscillator;
the difference frequencies are selected
by the 171-t0-203-kHz bandpass filter.
At the demultiplexer, a 171-t0-203-
kHz filter selects the timing signal; no
further heterodyning is required as the
signal is passed directly to the time code
detectors and the flutter discriminator

at 187 kHz.

MRIR Signal

The MRIR signal is placed in channel 3
of the multiplexer. The Mrir biphase
data, at a rate of 53.3 kilobits/s, modu-
late a 300-kHz local oscillator. The
resulting double-sideband am signal is
passed through a 235-t0-365-kHz filter.
The equivalent baseband width is +65
kHz, or approximately *=1.2 times the
bit rate.

At the demuliiplexer, the signal is
selected by a filter with a passband from
235 to 365 kHz and is heterodyned with
a 475kHz local oscillator. The differ-
ence frequencies are selected by a low-
pass 270-kHz filter and are passed
through a phase corrector having a pass-
band from 110 to 240 kHz. This chan-
nel, used in NimBus I for an ¥M video
subcarrier, is phase-equalized to within
*+5 us of constant time delay. At this
point, the signal is a double-sideband
AM wave with a center frequency of 175
kHz. This signal is envelope detected to
recover the biphase Mrir data which is
then passed to a bit synchronizer for
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timing extraction and conversion to non-
return-to-zero format.

ID Signal

The 10 signal uses channel 4 of the mul-
tiplexer, with a passband from 400 to
530 kHz. The input signal from the tape
recorder is an FM wave with a center
frequency of 96 kHz and a peak devia-
tion of =24 kHz at a maximum rate of
51.2 kHz. This signal is frequency
doubled and heterodyned against a 640-
kHz local oscillator; the difference terms
are then passed through a bandpass
filter having —3 dB points of 400 and
530 kHz. The bandwidth is such that
the signal received at the demultiplexer
and demodulator is a “single-sideband”
FM carrier for certain combinations of
peak deviation and modulating frequen-
cies. For example, for video signals
superimposed on a white (120 kHz)
average field, the signal becomes ssB-FM
for any modulating frequency, since all
upper sidebands corresponding to the
video signal are removed by the multi-
plexer filter which cuts off at 400 kHz.

At the demultiplexer, an input filter
with. a passhand from 400 to 530 kHz,
selects the signal which is then hetero-
dyned with a 640-kHz local oscillator;
the difference {requencies are selected
by a 270-kHz low-pass filter and are fed
to an equalizer having a passband of
110 to 240 kHz, which corrects the phase
response of the cascaded multiplexer-
demultiplexer filters to within =5 us of
constant delay. At the demultiplexer
output, the signal is an FM wave, with a
center frequency of 192 kHz and a peak

frequency deviation of +=48 kHz at a
maximum rate of 51.2 kHz.

HRIR Signal

The HRIR signal uses channel 5 of the
multiplexer. The incoming signal is an
FM wave with a center frequency of 87.5
kHz and a peak deviation of =13.7 kHz
at a maximum rate of 11.5 kHz. This
signal is frequency doubled, then hetero-
dyned against an 805-kHz local oscillator
and the difference frequencies are se-
lected by a filter with a passband from
565 to 695 kHz.

At the demultiplexer, after mixing
with the 805-kHz local oscillator, the
HRIR signal is phase corrected to within
=5 us and passed to an ¥M discrimina-
tor. At the demultiplexer output the
HRIR signal is an FM wave with a center
frequency of 175 kHz and a peak devia-
tion of =27 kHz at a maximum rate of
11.5 kHz.

RF LINK

The five HDRSS signals, translated to their
b2
selected frequency slots and combined
in the multiplexer, are used to frequency
modulate an S-band transmitter having
an output of power of 5 watts at a fre-
quency of 1710 MHz. An 85-foot an-
tenna and a 3-MHz receiver are used at
the ground station. The overall carrier-
to-noise ratio (cnNr) for the rF link is
18.1 dB. For a given cnr and fixed
bandwidths, the detected signal-to-noise
ratio for a particular channel is deter-
mined by the fraction of the total rr
deviation which is allocated to that chan.
nel. The amplitudes of the five signals
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Fig. 4—Biphase repeater, block diagram,

are adjusted in the multiplexer to pro-
vide the appropriate RF deviation to each
channel. The HbRss signal frequency
deviations and the resulting signal-to-
noise ratios are given in Table I.

TABLE I—HDRSS Signal Frequency
Deviations and Signal-to-Noise Ratios

Peak rr

Channel : EPy Baseband

Mo. Signal Dg,vg.gx)on swr (dB)

1 18 Data 100 34 (P/rMs)

2 Timing 75 —

Time Code  — 15.4 (rRMs/RMS)
Flutter — 30 (rRMS/RMS)

3 MRIR 400 28.2 (P/rMs)

4 i) 300 34.4 (B-W /ruMs)
5 HRIR 200

47 (B-W/rMs)
Total Peak rF Deviation 1,075 -

GROUND STATIONS

Two command and data-acquisition sta-
tions provide coverage for nearly 939
of the NimBuUs orbital passes at an alti-
tude of 600 nmi. The Ulaska station is
located at Gilmore Creek near Fair-
banks, Alaska; the other, Rosman, is
Jocated at Rosman, North Carolina. The
Ulaska station acquires the spacecraft
on an average of 10 out of 14 orbital
passes each day. Rosman acquires
the spacecraft on an average of two
orbital passes a day of the four missed
at Ulaska, and two orbital passes for
back-up. Both stations have 85-foot-
diameter parabolic antennas to track and
command the spacecraft. Data trans-
mitted by the spacecraft are received at
Ulaska and Rosman and are relayed
over long lines or a wideband micro-
wave link to Goddard Space Flight
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Center and to the Weather Bureau at
Greenbelt, Maryland.

As the S-band signals are received,
they are converted to VHF, FMm-detected,
demultiplexed, and passed to their re-
spective subsystems for further proces-
sing. The 1p signal is fed to an ¥m
demodulator and then to a kinescope
display unit, while the HAIR signal is
recorded on a facsimile recorder. An
on-line computer is used to assist in the
analysis of the data and to provide lati-
tude and longitude grids for the sensory
data. The 1p subcarrier is demodulated
and the video is applied to the kinescope
electronics and to a kinescope monitor
for visual observation. In the kinescope
electronics the horizontal and vertical
sync pulses are detected and applied to
a deflection generator. The output of the
deflection generator provides sweep volt-
ages to the kinescope in the kinescope
recorder. The video signal is amplified
and displayed on the kinescope.

The timing signal is fed to an envelope
detector to recover the time code; an
index computer uses the time code to
generate a numerical print out on the 1
picture. The raw timing signal is also
fed to an Fm demodulator which gen-
erates a flutter correction signal. This
signal is applied to the 1 kinescope
sweep circuits to compensate for the
effects of tape recorder flutter on the
video time base.

The video displayed on the kinescope
is projected onto the 70-mm film in the
film processor with unity magnification.

Fig. 5—Multiplexer, block diagram.

At the end of the picture, a decimal
readout from the 1 index computer is
illuminated and focused onto the film
below the video display. The picture size
is approximately 2 by 2 inches with a
vertical sweep period of 6.75 seconds and
a horizontal sweep rate of 133% lines
per second. Each picture contains ap-
proximately 800 lines. At the end of
each decimal-display exposure, the film
is automatically advanced. As successive
pictures are taken, the film is developed,
fixed, and dryed. In approximately one
minute the film is processed and dis-
played in the viewer. A takeup reel
collects the completed pictures.

The uriIr signal, along with the timing
signal, is recorded on a MiNcoM re-
corder, and played back at one quarter
of the record speed. The slow-rate HRIR
is fed to an ¥M demodulator and then to
a Westrex facsimile recorder. The slow-
rate timing signal is envelope detected
and used to drive the facsimile recorder
motor. The pwMm time code is also
passed to the HRIR index computer which
generates time data to be impressed on
the facsimile record.

The two biphase digital signals, IRIs,
and MRIR, are passed to bit synchronizers
(Fig. 7) where they are filtered, bit
timing is extracted, and the data is con-
verted to non-return-to-zero format by a
sampling detector. The bit synchronizers
are commercially available units selected
for their flutter tracking capability and
low bit error rate in the presence of Fm
noise.

Bit timing for the biphase data is
extracted by a phase-locked loop which
is synchronized with the zero crossings
of the incoming data stream. The ex-
tracted timing pulses are then used to
sample the polarity of the incoming data.

The decoder has three selectable
phase-locked-loop bandwidths to ensure
optimum performance for various oper-
ating conditions. The maximum permis-
sible frequency modulation of the bit
rate for which lock can be maintained
with a PcM transition density of 50%,
for various bandwidths, is presented in
Fig. 8. These curves determined the
maximum flutter which could be exhib-
ited by the HpRss tape recorder while
working with this decoder.

The bit error rate of the HbpRss bi-
phase decoder, operating with Fm noise,
is shown in Fig. 9. The biphase channels
of the complete HpRSS have been dem-
onstrated to have a bit error rate of 1
X 107 from tape recorder input to de-
coder output while subjected to simu-
lated power supply noise, sensor noise,
and rr-link noise.

The decoded 1ris and MRIR data are
provided, along with the extracted tim-
ing signal, to a NASA interface for
transmission over the microwave link
and further data processing at the
Goddard Space Flight Center.

SYSTEM CHECKOUT

The upRss performance is verified at the
system level using the HDRss bench
check unit. This unit simulates all

Fig. 6—Demultiplexer, block diagram.
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spacecraft-HpRrss interfaces, including
signals, commands, power, and teleme-
try, and provides quantitative measure-
ment of all specified parameters for the
Eprss. All subsystem interfaces are
simulated and brought to breakout boxes
to facilitate fault isolation to the sub-
system level.

The bench check unit includes a link
simulator in which shaped noise is added
to the multiplex-demultiplex interface to
simulate the noise of the FM communica-
tion link. In addition, noise is added to
each of the signal inputs and the power
supply to verify HDRSs operation under
realistically noisy conditions.

Operation of «the 10 video channel is
demonstrated by recording a simulated
test pattern signal in the HDRss and play-
ing it back for display in the bench
check unit kinescope assembly. A hard
copy of the displayed picture is also
made in the kinescope recorder as a per-
manent record of test results. In addi-
tion, quantitative measurements are
made of system linearity, drift, fre-
quency response, transient response, and
signal-to-noise ratio.

The HrIR infrared channel operation

is similarly demonstrated by quantita-
tive measurements of overall system pa-
rameters, and photographic records of
the channel output signals.

Timing channel operation is demon-
strated by detection of the simulated
Minitrack time code with an acceptable
bit-error-rate and by a subjective evalu-
ation of the Hbprss flutter correction
capability as observed on the kinescope
display. The 1ris and Mrir biphase data
channels are tested by generating and
recording a pseudo-random code on the
HDRss tape recorder. The code is then
played back and passed through the
multiplexer, the simulated rr link, and
the demultiplexer. The received signal
is decoded and compared bit by bit with
the original sequence while a count is
kept of the number of errors. The bench
check unit also contains detectors which
indicate whether the phase-locked-loop
timing extractor has fallen out of lock.

Certain parameters, such as tape re-
corder flutter, limiting level, intersymbol
interference, harmonic distortion, etc.,
are measured on the subsystems before
the bench check unit is used to test the
HDRsS at the system level.

0.0%

0% 0:2 0.5 1.0 2.0 50 10.0

DEVIATION FREQUENCY
(PERCENT OF BIT RATE)

Fig. 8—Maximum lock hqld-in range of HDRSS biphase decoder..
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APPLICATION OF AUTOMATIC SPEECH RECOGNITION
TECHNIQUES TO BANDWIDTH COMPRESSION

For certain military applications, speech communications must be achieved
with the minimum possible bandwidth. A modest amount of bandwidth com-
pression (from 5:1 to 20:1) can be achieved with various types of vocoders;
for example, the channel vocoder, correlation vocoder, formant-tracking
vocoder and voice-excited vocoder. The greatest possible reduction in band-
width is achievable, however, by a system capable of recognizing the individual
phonemes in speech. These phonemes occur at an average rate of about 10
per second, resulting in a potential bandwidth reduction of about 100:1. This
paper describes the current status of a continuing investigation to develop
automatic speech recognition techniques. Earlier work considered isolated
words only, while current work is directed toward the recognition of phonemes
in continuous (conversational) speech. -

T. B. MARTIN, H. J. ZADELL, R. B. COX and A. L. NELSON

TUDIES are under way to develop a

machine which will recognize con-
versational speech. This capability will
make it possible to control machines by
voice commands. Such a speech recogni-
tion machine would also permit voice
inputs to computers via telephone links.
Another application currently being de-
veloped by Applied Research for the
Post Office Department is a spoken zip
code recognition system which will im-
prove the efficiency of parcel sorting
operations. A speech communications
system could also be developed utilizing
a speech recognition system at one end
of a communications link, transmitting
the recognition results over a narrow
bandwidth channel, and resynthesizing
speech at the receiver. Such a system

Final manuscript received December 1, 1966,
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would require the minimum possible
bandwidth for speech communications
but would produce a synthetic speech,
with none of the original speaker
characteristics.

SPEECH RECOGNITION SYSTEM

The processing technique employed in
the speech recognition studies is called
analog-threshold logic (ATL), because of
the characteristics of the basic comput-
ing element used for most of the logical
functions. The transfer function of the
ATL element (Fig. 1) has an output
which is linearly proportional to the net
sum of excitatory and inhibitory inputs,
provided that this net sum is greater than
an adjustable threshold. The discontinu-
ity in the transfer function ensures reli-
able discrimination between quiescence

Fig. 2—Simplified block diagram of speech
recognition system.
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and a minimum output value, thereby
avoiding sequential amplification of ther-
mal drifts in cascaded networks.

A simplified block diagram of the
speech-recognition system is shown in
Fig. 2. The speech spectra are divided
into 19 segments by overlapping band-
pass filters whose outputs are full-wave
rectified. The rectified outputs of each
filter are logarithmatized before the vari-
ous speech features are derived. This
logarithmatization permits compression
of the input dynamic range of speech
without destroying the transitional prop-
erties of the speech signal. With this
technique, speech signals having a 60-dB
dynamic range can be processed. The
ATL networks are connected in various
logical configurations to abstract perti-
nent features of speech such as local
energy maxima, local energy minima,
local regions of increasing and decreas-
ing energy, as well as the transitional
properties of these features. The opera-
tions shown in Fig. 2 demonstrate
symbolically how these features are
abstracted. Recognition decisions are
based on the presence or absence of cer-
tain critical features which are weighted
appropriately in the decision networks.

CONTINUOUS SPEECH RECOGNITION

Previous Applied Research work® show-
ing the feasibility of highly accurate
speech recognition based on feature-
abstraction techniques was achieved
under conditions of: 1) isolated speech,
2) six male speakers, 3) high signal-to-
noise ratio, 4) known recording charac-
teristics, and 5) a 200-Hz to 9-kHz band-
width channel.




The continuous-speech recognition
system is being developed to operate re-
liably under conditions of poor signal-to-
noise, possible restrictions of bandwidth,
and very poor enunciation; yet the sys-
tem must be capable of recognizing the
speech of many speakers. Because of
these restrictions, as much information
should be provided in the recognition
process as is possible concerning the
nature of speech in which the individual
sounds become increasingly obscured by
these detrimental factors.

In continuous speech, sounds can eas-
ily modify surrounding sounds so that
the waveform of a sound produced in
continuous speech can differ significantly
from the waveform of that sound pro-
duced in isolation. In reality, even for
isolated words, many sounds are influ-
enced by the context in which they
appear; i.e. they are modified by pre-
ceding and following sounds.

Many additional problems exist in rec-
ognition of continuous speech; sounds
can be eliminated, added, combined, or
substituted for one another. Stress and
intonation of the speaker also lead to
variability of the spoken words. Con-
tinuous speech is characterized by con-
siderable variations between the ideal
phonetic translation of a given text and
the same text as spoken by many speak-
ers. The greatest variability occurs in
the characteristics of vowels and in the
liberal substitution of a voiced consonant
for its minimal-pair unvoiced equivalent
(such as /d/ or /t/), or vice versa. (The
diagonals enclose individual phonemes;
a phoneme is the smallest unit in speech
distinguishing two similar words; for
example, the /p/ in pin and the /f/ in
fin are two phonemes.) In the case of
vowels, a very similar vowel commonly
is inserted for the “ideal” vowel, or a
sequence of several similar vowels Is
often generated. Also, vowels often are
generated in acoustic contexts which
tend to produce very short unemphasized
vowel features. In such cases, the high-
frequency features of the vowels are
reduced in intensity in a manner quite
similar to that found in vowel-like
consonants.

The critical features differentiating
very similar phonemes are usually con-
tained in a very narrow portion of the
total speech spectrum. For example, the
feature distinguishing /r/ from /w/
occurs in only the low-frequency portion
of the speech spectrum. Similar critical
features are located only in the high-
frequency portion of the speech spec-
trum for the distinction of phoneme pairs
such as /f, s/, /t, k/, etc. It is easy to
determine that one of a small group of
phonemes has occurred from broadband
spectrum features, but the critical
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phoneme-differentiating features are lo-
calized to narrow spectral regions.
Under conditions of restricted band-
width or poor signal-to-noise ratio, the
first noticeable effect in humans is a loss
of discrimination between very similar
phonemes. This loss does not change
overall intelligibility with a proportional
effect, however, since understanding in
many cases does not depend on such
critical discrimination. Indeed, such sub-
stitution is quite common under the very
best conditions. For example, enuncia-
tion of the common word was by a group
of humans will involve a frequent substi-
tution between /s/ and /z/ for the final
consonant. These interchanges are con-
sidered to be natural speaker substitu-
tions which do not affect overall intelli-
gibility. However, if conditions should
occur in which noise or spectrum filter-
ing has made it impossible to distinguish
between voiced and unvoiced speech, it
is sufficient to indicate that either the
phoneme /s/ or the phoneme /z/ has
occurred. It would be impossible to
select either of the phonemes when the
critical features differentiating them
have been obscured. On the other hand,
it would be a total loss of information to
produce no response because the input
speech itself did not contain acceptable

Fig. 4—Responses of class features to the sentence:

“Rice is often served in round bowls.”

criteria for the final selection of either
the /s/ or the /z/.

Therefore, recognition networks for
continuous speech must be organized to
produce some information about de-
graded speech even when the quality is
not sufficient to achieve final phoneme
recognition with a high degree of cer-
tainty. The human under conditions of
degraded speech is restricted to grouping
of similar phonemes or use of context to
decide which phoneme has occurred.

The capability to provide as much in-
formation as is possible, depending on
the quality of the speech to be analyzed,
has been achieved by organizing the fea-
ture-abstraction networks on a hierarchy
of three processing levels, each level
functioning optimally under different
signal-to-noise and restricted bandwidth
conditions.

The three processing levels abstract
features which are classified as follows:

1) Broad class features
2} Common hasic features
3) Unique phoneme features

Fig. 3 shows the specific types of fea-
tures- abstracted in this hierarchy and
indicates how they are used to classify
the speech sounds.

The broad class features are relatively
insensitive to localized noise which in-
volves only one or two channels of the
recognizer. These features possess vary-
ing degrees of sensitivity to broader
spectrum noise and spectrum filtering.
Under conditions of degraded speech,
abstraction of the broad class features is
more reliably achieved than abstraction
of either the common basic features or
the unique phoneme features. Broad
class features may be the only informa-
tion that can be provided under poor
signal-to-noise conditions.

Common basic features are those
which are common to very similar pho-
nemes such as /f/ or /s/ but do not
serve to differentiate between those
phonemes.

Unique phoneme features are the
localized spectral characteristics which
differentiate between the various similar
phonemes. These features can be reli-
abl*y/extracted for high-quality speech
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with sufficient bandwidth, signal-to-noise
ratio, and speaker enunciation.

Two oscillograms which show the
manner in which continuous speech can
be segmented into broad classes are
shown in Figs. 4 and 5. The first exam-
ple shows the response of eight of the
experimental networks for the sentence,
“Rice is often served in round bowls.”
This speaker initiated the sentence with
a vocal cord vibration (voicing only)
followed by the vowel-like consonant /r/.
Detection of the phoneme /r/, indicated
in channel 8, can occur only after the
transitional characteristic of this pho-
neme into the following vowel has been
observed. The response, therefore, occurs
near the boundary between the vowel-like
consonant class feature and the vowel
class feature (channels 2 and 3, respec-
tively). One of the peculiarities that
occur in the transition from /al/ to /s/
is shown by the appearance of a voiced
noise-like consonant at the initiation and
termination of /s/. This characteristic is
due to the inertia of the vocal tract and
indicates an overlap of voicing with the
unvoiced noise-like feature. This pecu-
liarity also occurs later in the sentence
for the next /s/. The pheneme /v/ pro-
duces an output on the vowel-like con-
sonant class feature network because no
high-frequency noise occurred in the
pronunciation of this text.

The first example did not contain
either affricatives or unvoiced stop con-
sonants. An example containing both of
these types of phonemes is shown in
Fig. 5, which is a recording of the eight
features for the sentence, “These days a
chicken legis a rare dish.” Separation of
the affricative into an unvoiced fricative
occurs for the affricative /tf{/. The /k/
in chicken is erroneously identified as an
unvoiced fricative because of the absence
of a high-quality stop and burst charac-
teristic. A “voicing-only” response oc-
curred prior to the /t// phoneme be-
cause of a tendency for the speaker to
terminate the vowel /a/ with a reduced
emphasis. This response occurs quite
often at the terminal portions of some of
the vowels and is a valid response from a
recognizer which utilizes only the acous-
tic properties of the speech.

Fig. 5—Responses of class features to the sentence:
“These days a chicken leg is a rare dish."
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LIMITED VOCABULARIES

In addition to the major goal (recogni-
tion of phoneme-by-phoneme sequences
in continuous speech) it is possible to
utilize the results that have been ob-
tained up to this time for recognition of
a limited vocabulary. For many limited
vocabulary applications, only the class
features and a few common basic fea-
tures are necessary. In many limited
vocabularies no pair of entries differ only
by a single phoneme, so that no critical
phoneme decisions are required. Since
both the class features and common basic
features can be abstracted with greater
accuracy than can be obtained from a
phoneme-by-phoneme decision process, it
is neither necessary nor advantageous to
utilize phoneme decision processes for
limited vocabulary applications. The
minimum possible processing should be
used which provides the discrimination
necessary to separate the various entries
in the limited vocabulary.

Common basic features and class fea-
tures can be applied to the problem of
recognizing the digits 0 through 9. A
recording was made of the digits spoken
in isolation by eight male speakers, and
these data where analyzed to develop the
rules for digit recognition shown in Fig.
6. For example, the sequence recognized
for zero consists of /z/ before either of
two front vowels /1/, or /i/ followed by
/r/. It was not necessary to include the
final vowel after /r/ in the recognition
criteria because it can be recognized
uniquely from the limited vocabulary of
the digits without the final vowel. As an
indication of the phoneme /z/, a voiced,
noise-like consonant feature was utilized.
Similar broad class features were utilized
for the front vowels and /r/.

. Networks were then interconnected to
abstract the sequences of features used
for recognition of each digit. The dia-
gram shown in Fig. 7 is an example of a
three-input sequence-detecting network
with its time constants adjusted to re-
spond to the digit 4. Except for varia-
tions due to the length of sequence pre-
sented, similar networks were developed
for recognizing the remaining digits,
including both o4 and zero. In general,
the elements may be cascaded as shown
in Fig. 7 to respond to a sequence of
indefinite length. For example, N1, N2
and Al form one stage of the 4 sequence;
and N4, N5 and A2 simply repeat this
function for the next feature in the
sequence.

The recognition criteria employed in
the networks which abstract the specific
features of each digit were chosen such
that a response is always obtained for the
expected feature, and responses may also
occur for other similar sounds. For ex-

ample, multiple vowel responses are
allowed in those areas in which it is
known that the distribution of recogni-
tion features between similar vowels
overlaps for a large sample of speakers.

The sequences employed for the recog-
nition of the individual digits are unique
sequences which do not overlap. How-
ever, additional sequences are possible
and must be considered for the recogni-
tion of a broad population of speakers
with various dialects. For example, an
alternative pronunciation of the digit 4
is /fo/, and for 5 a possible pronuncia-
tion is /fav/.

Fig. 8 shows an example of the re-
sponses of the recognition networks to
one utterance of each digit. These re-
sponses occur in real time after the
proper sequences of. features have
occurred for each digit. Both a type-
writer output and a visual display were
also used to monitor machine perform-
ance. When the data recorded by the
eight male speakers were used, a perfect
score was obtained for the total number
of 253 spoken digits. The number of
repetitions of the 11 digits ranged from
two to five for the various speakers.

CONCLUSIONS

A system of logic, called analog-thres-
hold logic, was developed which origi-
nally demonstrated the feasibility of
recognizing consonant-vowel-consonant
words spoken in isolation. Highly accu-
rate phoneme recognition was achieved
using speech recorded by six male
speakers.

Studies are now under way to extend
the techniques to the recognition of con-
tinuous speech. Although this problem
is made more difficult by the way the
phonemes are degraded in continuous
speech, the approach has already been
shown feasible for the recognition of
limited vocabularies and words in con-
tinuous speech. At the present time, an
investigation is under way to develop
recognition networks for individual pho-
nemes in continuous speech. An auto-
matic speech recognition capability will
make possible the ultimate development
of phonetic typewriters and numerous
other limited vocabulary applications.
Among these are zip code translation,
voice control of all types of machines,
and voice programming of computers.
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IMPROVING THE EFFICIENCY OF PRINTED ENGLISH LANGUAGE
TRANSMISSION BY DICTIONARY ENCODING ON THE RCA 601

The ability of a dictionary encoder to reduce the redundancy of printed
English text is evaluated by simulation on an RCA 601 computer. The dictionary
encoder matches segments of the input text to entries of a stored dictionary
which contains frequently occurring sequences of letters. The text is thus defined
as the succession of code designations corresponding to the selected dic-
tionary entries. Since, for a normal piece of text, fewer bits are needed to specify
the code designations than the text itself, the encoding produces a compressed
equivalent of the original input. For a broad type of English language text (news
dispatches prepared for newspaper publication) the number of bits required to
represent a piece of text can be reduced by 50% when using a |,000-entry
dictionary. While a better compression than 50%, is theoretically possible it
may be difficult to realize, but a compression of the input text to 60%, o 70%,
of its original size appears to be easily realizable with a small dictionary.

H. E. WHITE
RCA Laboratories, Princeton, N. J.

T is generally accepted that a large
fraction of what we write or say is
redundant. There are two kinds of lan-
guage redundancy; the first involves the
value of what is said or written, while the
second does not question the subject
value but appears because frequently
occurring words and phrases may be
specified in an abbreviated form. It is
the latter type of redundancy, as crudely
illustrated by the shortened form “Yo ca
rea thi sentenc,” that is of interest here.
The difficulty with this example, how-
ever, is that it is not uniquely decipher-
able for many words are identical with
the exception of the last letter. A better
example, used to translate spoken lan-
guage into an abbreviated written form,
is shorthand as used for stenographic
purposes.

The present interest in printed English
redundancy was initiated by a need to
improve the efficiency of command and
control communication links. It is as-
sumed that all possible messages cannot
be catalogued, and thus a message dic-
tionary type of encoder is not possible.
The vocabulary normally used for com-
mand and control communication is
small, however, and can be used to form
a word and phrase type of dictionary. If
this dictionary also includes the charac-
ters of the alphabet standing alone, any

Final manuscript received January 3, 1967.
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possible message can be encoded and
uniquely decoded. In addition to the
written language redundancy, such an
encoder takes advantage of message for-
mat redundancy; headings and classifi-
cation, for example; and redundancy
introduced by machine operations such
as carriage returns, line feed, upper
case, and lower case. A word-phrase
type of dictionary encoder, utilizing a
small dictionary appeared to be useful
for command and control communica-
tion links. Experience with this type of
encoding suggested it may have more
general applications, and this led to a
broader evaluation which is reported
here.

BASIC APPROACH

A word-phrase type of dictionary en-
coder was simulated on a general pur-
pose digital computer. The encoder
operates by looking up segments of the
input text in a stored dictionary that
contgins commonly occurring words and
phrases as well as letters and letter com-
binations. The encoder obtains the
longest possible character match between
the input text and a dictionary entry and
sends out a code designation for the
selected entry.

On the average, the code designation
can be specified with fewer bits than the
entry itself, and thus a compression of
the input text is obtained. The encoder
output is transmitted to the receiving
terminal where it is expanded by a de-
coder which uses a stored dictionary

identical to the one used for encoding.
For example, the input text, “Work_
carefully _on_the__fundamental _prob-
lem” might appear at the encoder output
as VKCROV’ISHP'OU*RTF if VK is
the codeword for “Work,” CR is the
codeword for “_care,” OV represents
“fully,” ‘I represents “_on_the,” etc.
Thus, this input text may typically be
broken into sections, each matching an
entire dictionary entry, as indicated by
the slashes in the following sentence:
“Work/_care/fully/_on_the/_fun/da/
ment/al/ _problem/.”

An important feature of this type of
encoding is that no information is lost,
but the time required to transmit a page
of text will vary with the amount of com-
pression achieved. Although a vari-
able transmission rate is acceptable for
printed English, it would not be usable
for either speech or television trans-
mission.

Most of the dictionary encoding evalu-
ation was done experimentally using the
encoder-simulator, and encoder logic
and dictionary entries were optimized as
a result of statistics collected by com-
puter simulation. The printed English
used as input to the encoder consisted
of Associated Press news dispatches
which are distributed by teletype trans-
mission to newspaper offices across the
country. A brief analysis of a word-type
dictionary encoder will be followed by a
description of the encoder-simulator de-
sign and its performance for the news
dispatch type of input.

DICTIONARY ENCODER ANALYSIS

A theoretical analysis of printed English
redundancy was reported® by C. E. Shan-
non who estimated that printed English
is at least 75% redundant. The redun-
dancy analysis was done as a function
of constraint length, one more than the
number of characters of text used to pre-
dict the following character, and the
759, value was obtained for a constraint
length of 100 characters. If the con-
straint length is limited to only eight
characters, a 509 redundancy is ob-
tained. These values include all statis-
tical effects within the constraint length
and thus would indicate the performance
of an ideal encoder with the same con-
straint length. It is unlikely, however,
that a practical encoder will utilize all
statistical effects of the input language
and in addition the constraint length of
a dictionary encoder, one that matches
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dictionary entries to segments of the in-
put text, is not well defined. For these
reasons, a better estimate of encoder
performance is obtained by using word
length and word frequency statistics.

An accepted empirical expression for
word frequency in English is 0.1/N
where N, the word rank, is the order of
the word according to frequency of oc-
currence.” Thus, according to this ex-
pression, “the,” the most frequent En-
glish word, occurs 10% of the time, and
the second most frequent word, “of,”
occurs 5% of the time. A plot of word
frequency versus word rank, given in
Fig. 1, shows the curve, 0.1/N, and mea-
sured {requencies of occurrence for the
ten most frequent English words.?

Normally, frequently occurring words
have fewer letters than words that are
seldom used. This dependence was
estimated by finding average word
length as a function of word rank by
using a list of the 1,000 most frequently
used English words.” Average word
lengths (which include an inter-word
space) are shown by points on Fig. 1 for
several word ranks greater than 10, and
exact word lengths are shown for each
word with rank less than 10. The
straight line drawn in Fig. 1 to approxi-
mate word length L for word rank N
greater than 10 is given by:

L(N) = 245 N** (1)

A word-dictionary encoder with diction-
ary size NV, should include all words of
frequency rank N, and less. Thus, word
matches between the text and dictionary
entries should occur for a fraction M of
the input words where:

and the average character length of these
words is

N,
Ly=
N=1

Values of M and L,, plotted in Fig. 2,
are based on the measured values of fre-
quency of occurrence and word length
for N < 10 that are given by Fig. 1. The
sums are continued for V > 10 by using
the two curves of Fig, 1. The upper limit
of these sums, where M = 1.0, is N =
10,430 and for this ¥ a value of L, = 5.75
is obtained. This is comparable to the
usually accepted average word length of
4.5 characters (which does not include a
space as part of the word).

For a dictionary size N,, a total of
log. N, bits are required to specify any
of the N, entries when using a constant
length code. Thus, for the fraction of
words M, when a match is obtained the
average encoder output/input data rate
ratio is:

___ IOg: ]Vd
=Tk W

where K is the number of bits used to
specify each input character. Values of
Ry for K = 5 and K = 6 are shown in
Fig. 3. Th€se may be interpreted as the
data rate reduction possible if the text
vocabulary is limited to the N, most fre-
quent words.

When there are no restrictions on the
vocabulary of the input text, a word
match is not obtained for a fraction,
1 — M, of the input words. The average
length of these words is:

10,430
_ 0.1
L= A L(N) (5)
N=N,+1

If these words were transmitted letter by
letter, the average output/input data
ratio is:

_ log. N,

which is an increase of data rate. If,
however, pairs of letters called digrams,
and triplets of letters called trigrams,
and longer letter combinations are in-
cluded in the dictionary, words may be
spelled in groups of letters. The simula-
tion analysis discussed later shows that
a data-rate ratio resulting from letter

combination entries:
;

Ruo= ___1;521\[5 N.> 400 (7)
can be achieved if 400-letter combination
entries are included in a dictionary. The
400 entries include every letter standing
alone and every letter preceded by a
space. The factor 2.32 of Eq. 7 arises
because the average length of character
agreement, the match length, of the let-
ter combination entries was observed to
be 2.32 characters. The number of en-
tries, 400, was selected by simulation
analysis as a good proportion of a 1,000-
word dictionary to devote to letter

combinations.

For a word-letter-combination diction-
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ary encoder using 400-letter-combination
entries, the overall output/input data
rate ratio is:

R =Ry My + Ryo (1 — My) (8)

where:

/_logﬂNd
w__K'LW
N, — 400
N=
N, — 400
N=1

Fig. 3 shows curves of R for K = 5 and
K = 6 as a function of total dictionary
size. Since 400-letter-combination entries
are included in the dictionary indepen-
dent of total size, the curves are more
accurate for N, = 1,000. This effect is
probably small (except for N, = 500)
and the effect of punctuation, numerals,

and machine operations in the text and
multiple word entries in the dictionary,
factors not included in Eq. 8, may be of
more importance. Fig. 3 will be com-
pared to simulation results discussed in
the last section.

ENCODER-SIMULATOR DESIGN

The encoder-simulator design as well as
its dictionary entries are greatly influ-
enced by the characteristics of the input
text. The basic alphabet of the encoder
must be the same as that of the input,
and for the news dispatch text this con-
sists of the 64-character linotype code
composed of letters, numbers, punctua-
tion, and typesetting symbols. The orig-
inal text, obtained on punched paper
tape, was not modified in any way and
was first translated to the computer code.
A partial listing of the linotype alphabet
with the assigned computer symbols is
given in Fig. 4 to permit interpretation
of later examples.

A general block diagram of the en-
coder-simulator, which is programmed in

the RCA 601 assembly language, is given
in Fig. 5. This includes subsections to
read the dictionary and the input text,
logic operations to recognize key char-
acteristics of the text, a dictionary search
routine, and a statistics collection sub-
program. The output from the simulator
consists of the original text, the encoder
output, and the dictionary including the
collected statistics.

The dictionary input coding recog-
nizes an arbitrary number of major dic-
tionary sections by the presence of
divider cards among the dictionary en-
tries. Four major dictionary sections
are used: a word dictionary, a capital
word dictionary, a suffix dictionary, and
a special dictionary. Use of these dic-
tionary sections is controlled by the
encoder logic. The presence of a space
in the input text identifies the beginning
of a word and a search of the word dic-
tionary follows. A word is also identified
by a hyphen (not at the end of a line),
and a carriage return and elevate; but
in these instances the space, understood
to precede entries of the word dictionary,
is omitted. If none of these characters
(space, hyphen, carriage return and ele-
vate) is detected, the search follows in
the suffix dictionary which includes a
majority of the letter combination type
of entries. The suffix dictionary not only
supplies word endings but is also used
to spell out words not found in the word
dictionary after the space and first letter
or letters are taken from the word dic-
tionary. The use of the word and suffix
dictionaries changes when the beginning
of a sentence or paragraph is detected.
If the first letter of the new sentence or
paragraph is capitalized the next entry
is taken from either the capital word
dictionary or the word dictionary, and
if it is not a capital letter the next entry
comes from the suffix dictionary. This
option permits any entry of the word
dictionary to be used at the beginning
of a sentence or paragraph as an entry
with its first character capitalized.

Capitalized words not at the begin-
ning of a sentence or paragraph are rec-
ognized prior to searching the word dic-
tionary, and instead the capital word
dictionary is searched. If a good match
(more than the capital letter) is not
found, the word dictionary is searched;
and any entry found there may be capi-
talized by prefixing the entry by an entry
of the special dictionary. If a good
match is not found in the word diction-
ary, the capital letter, consisting of three
characters (upper case, the letter, lower
case), is taken from the capital word
dictionary.

The special dictionary also contains
four kinds of interword space entries
which are used in linotype material to

J




INOTYPE CHARACTER COMPUTER
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OD-THIN=SPACE "
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YRHEN -

PACEBAND (SPACE)

HWIFT (UPPER CASE) <

NSHIFT (LOWER CASE) >

Fig. 4—Partial listing of linotype alphabet and
assigned computer symbols.

justify lines of type. The same spacing,
however, is generally used throughout
any one line and thus only changes of
space variety need be sent. The four
space entries in the special dictionary
include two single-character spaces
(spaceband and add-thin-space), one
double-character space (spaceband, En
space), and one triple-character space
(spaceband, En space, spaceband). The
code designations of these entries appear
in the encoder output when a change of
the space character(s) is found in the
input text. The current space charac-
ter(s) is stored in a space register, and
at the decoder the contents of this regis-
ter are understood to precede all entries
from the word dictionary and capital
word dictionary. This applies unless the
character(s) of the input text preceding
a word is a hyphen or a carriage return
and elevate when the space is omitted,
or if a new paragraph is detected in
which case the indentation is included
with the carriage return and elevate
entry and no space is needed.

The narrow columns used for news-
paper text cause many words to be hy-
phenated at the end of a line. These
words cannot be found in the word dic-
tionary unless the hyphenation is recog-
nized before the dictionary search. This
is done and the word is adjusted to ap-
pear in continuous form preceded by
the hyphenation characters (lower case,
hyphen, carriage return, elevate). The
hyphenation characters are encoded
using the special dictionary which in-
cludes nine entries that indicate hyphen-
ation of the following word after its first,
second . . . , ninth character. The re-
maining unhyphenated word is now lo-
cated in the word dictionary using the
standard search procedure. Obviously,
much of the logic in the encoder-simula-
tor, such as the hyphenation routine, is
peculiar to the input text used, and may
not be required for other applications.

The same dictionary search routine is

used for each of the four dictionaries.
It begins with a jump to the dictionary
entry which matches the first character
of the input text. The following entries
are searched until a character disagree-
ment occurs at a character length equal
to or less than the length of a previous
agreement. Multiple word entries are
identified by a star following the last
word, and spaces between words of the
entry are changed to agree with the space
register if it is one of the single charac-
ter spaces. Otherwise, because multiple
character spaces are seldom used, the
multiple word entry is ignored. After
the best match is achieved between the
text and an entry the code designation
for that entry is moved to an output
register, and the coding continues with
the next character of the input text.
The preceding description covers the
actual encoding operations. The addi-
tional function of the encoder-simulator
is to collect text statistics that are used
to improve the encoder logic and dic-
tionary entries. This is done by record-
ing the usage count of each dictionary
entry and also recording the code desig-
nations of the entries that followed it in
the input text each time it was used. For
a 1,000-entry dictionary a million combi-
nations of adjacent entries are possible,
but only a small part of this number will
normally occur. Thus, storage locations
are not reserved in advance for counting
the occurrence of each pair of entries,
but a new storage location is made avail-
able each time a new pair of entries is
used. This is done by spreading out the
dictionary, which is originally stored in
a close-packed form. The dictionary
print-out, Fig. 6, which occurs after all

the input is encoded (or the memory is
full) includes the original dictionary
entries as well as the collected statistics.
An example of recorded usage counts is
given in Fig. 6 by the word “foday”
which occurred 8 times in the previously
encoded text, and one of these times it
was followed by the word “to” which
has the code designation “RC.”

ENCODER-SIMULATOR PERFORMANCE

If little were known about the text sta-
tistics, the initial encoder dictionary
could be limited to the characters of the
alphabet. The usage counts for pairs of
entries would then show which charac-
ter pairs would make good entries in an
expanded dictionary. If more statistics
were then collected using the expanded
dictionary, longer entries in a still larger
dictionary would be suggested. If this
process were repeated many times for a
representative sample of input text, an
optimum dictionary would be developed
for that type of text. Ideally a dictionary
of fixed size should be altered after each
iteration to increase the weights of lighter
entries at the expense of heavier ones.
In this connection entry weight is de-
fined as the frequency of usage for the
entry multiplied by the number of en-
tries needed to encode the entry if it
were omitted from the dictionary. By
such an optimization some entries which
are used infreqtiently will be retained if
they otherwise must be spelled by sev-
eral entries, and other entries although
they are used more frequently will be
discarded because they are easily spelled.

For the present encoder simulation,
the initial dictionary contained 400 of
the most frequent English words® and

Fig. 5—General block diagram of dictionary encoder.
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0004 LX01PUO1A801=pP0O1
0002 XF01Z101

0004 =ss01x801sD0O1XV
0008 $S01Y1012F01RCO2TP
02 RC 7O 0038 MTO1MBOIMEOLINO1QAOLX

VEOLVHNOINNMOL=2001E]02

04 RD TOG 0011 EPO1X=01J001KBOLGU
04 RE YO A# 0003 1R012201i K01
05 RF Y0 BEe 0002 DJOLPZ01

06 RH YO TWE®000% DX01DA01XBOZ2eBO1
05 RI YODAY 0008 RCO1110122012x017K
03 RJ TOO 0002 EJO1se01

200 commonly occurring digrams and
trigrams in addition to the letters of the
alphabet. The digrams and trigrams
were taken from lists that were tabulated
for cryptographic purposes.® This initial
dictionary was then modified by adding
and removing entries as suggested by
the entry weights. The optimization was
done by inspection of the collected sta-
tistics and not by the computer. Thus,
an exact optimization was not obtained;
but certain unappropriate entries
(proper names, for example) which oc-
curred frequently in one piece of text,
but seldom elsewhere, were avoided. The
amount of text used for optimization
purposes was gradually increased until
115,000 characters were used in the later
steps. All of this text, consisting of 50
news dispatches from 15 August 1966,
was picked at random. There appears
to be little overlap in subject material.

An example of this input text, one
sentence followed by the first word of
the following paragraph, is given by
Fig. 7. The 208 characters of input text

at the top of Fig. 7 produce the 64 char-
acter pairs of encoder output shown in
the center of the same figure. Each
character pair specifies one dictionary
entry. For this example there are 1,340
entries in the dictionary, and thus log,
1340 = 10.4 bits are used to specify an
entry. The compression achieved for the
example of Fig. 7 is an output/input
data rate ratio:

_ 64 log.1340 _

= 508 5 =053 (9)
The encoder operation is easily followed
by examining the additional simulator
output at the bottom of Fig. 7. This con-
sists of the original input with square
brackets, [, inserted to show the matches
obtained between the text and dictionary
entries, All characters between a pair of
brackets are encoded as one dictionary
entry. This additional output also shows
which entries of the ‘word dictionary are
capitalized (they are preceded by [<>]
which is encoded by an entry of the
special dictionary) and how hyphenated

Fig. 7—Example of encoder-simulator input text and output code.

upper: input text
center: encoder output

lower: input text divided by square brackets to indicate dictionary entries used for encoding.

208

64

CI>N <D>AMASCUS, <S>YR1A, AN ARMYS*SPOKESMAN"REPORTED"A"THREE~-4+HOUR BAY
TLE BETWEEN <S>YRIAN BOR>=%tDER"POS]TIONS"AND*TWO"<I>SRAELI%*GUNBOATS ON
THE EASTERN SHORE OF&*THWE (S>EA OF (GMALILEE, ® # B/8/0508CTOHE

XPXE'E*O®SOYYD300KSU2ZXAQBAIGPSHINEsWREaMH/ ==BYCAYD300K ' F=PCEOERYBIN2-05
RWXOUWOBEVIAZ'WC#A'QOWSzMIEW' 029+ L PEADLVELOWLYXLEOBRZMYM

[<IONG <DYEAMIASICUIS, T <SOLY(RILAL, [ ANT ARM{YS+[SPOKESMAN("(REPORTED(®
A{"THREET=4*t{HOUR( [BATTLE{ BETWEENI <S>{Y[RI{AN[ >~43(BO[RDIER{"(POS[IT
TON(S“ANDI TWOI"<I>ISIRALELIT (N [GUNIBOTIATISI [ON THE[ ETASI{TER(N[ SHORI
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words are modified prior to the diction-
ary search. Examples of capitalization
and hyphenation are given by the words
“sea” and “border” in the simulator
output at the bottom of Fig. 7.

The compression of 0.53, the output/
input data rate ratio, obtained for the
example of Fig. 7 is similar to the overdll
compression of 0.53 obtained for the
115,000 characters of text used for
optimization of the 1,340-entry diction-
ary. This figure was further checked, to
guard against undue bias in dictionary
selection, by encoding an additional
13,000 characters of text and a compres-
sion of 0.55 was obtained. Judging from
this latter result and the fairly consistent
values of compression obtained for the
50 news dispatches used for dictionary
optimization, a compression of 0.53 ap-
pears to be representative of the selected
dictionary. With further optimization of
dictionary entries and minor improve-
ments in the encoder logic it is estimated
that a compression of 0.5 can be ob-
tained with a dictionary containing 1024
entries.

The dependence of compression on
the dictionary size was determined by
removing 509 entries from the originally
developed encoder-simulator dictionary.
The choice of which entries to remove
was based on a weight threshold of 40
units. Thus, any entry with a weight
(as defined earlier) less than 40 was
removed, and the resulting dictionary
contained 831 entries.

As for the original dictionary selec-
tion the removal was done by inspection
and thus is subject to error because the
removal of an entry affects the weights
of the remaining entries. Examination of
the entry usage counts using the smaller
dictionary, however, suggested that a
reasonable optimization (comparable to
that of the larger dictionary) had been
obtained. The same 115,000 characters
of input used earlier were encoded with
the smaller dictionary and a compression
of 0.57 was obtained. If these two
points; a compression of 0.53 for a dic-
tionary of 1,340 entries, and a compres-
sion of 0.57 for a dictionary of 831 en-
tries; are compared to the curves of
Fig. 3, the variation of compression with
dictionary size is similar to the theoret-
ical curves. A correspondence in the
actual compression values should not be
expected because of differences between
the simulator input and the theoretical
model. It appears, however, that a com-
pression gain resulting from multiple
word entries almost offsets losses pro-
duced by numbers and punctuation in
the text, and thus fairly close agreement
is actually obtained.

It is interesting to compare the dic-




tionary encoder performance with lino-
type text to the performance of a vari-
able length code such as described by
Huffman.* If a variable length code were
used on a per letter basis (shorter code-
words to represent frequently occurring
letters) the lower bound on the average
number of bits required per letter of text
is given by:

64
F,=— Zptlong (10)

1=1

where p, is the probability of letter i.
For the linotype text used for dictionary
encoder simulation an F, of 4.99 bits is
obtained. The ratio of this number to 6,
the number of bits required by the con-
stant length linotype code, is 0.83. Thus,
the upper bound on the data rate reduc-
tion using a variable length code is 17%,
but this could only be obtained if the
variable length code matched the letter
probabilities exactly. An upper bound
on the average number of bits per letter
for a Huffman code is (F; +1) or 5.99
bits, and this indicates that in the worst
case no compression is obtained.

A variable length code may also be
considered as an adjunct to dictionary
encoding. The lower bound on the num-
ber of bits required to represent a dic-
tionary entry would be:

N,
L=— Zpt log.pe (1)

i=1

where p, is the probability of usage for
entry i, and N, is the number of diction-
ary entries. For the smaller dictionary,
831 entries, a ratio of I, to log, 831 (the
maximum value of I, corresponding to
p. = 1/N,) of 0.92 was obtained and for
the larger dictionary the ratio of I; to
log, 1340 was 0.91. These numbers indi-
cate that a variable length code could
reduce the dictionary encoder output
data rate by as much as 8% or 9%. This
is equivalent to a maximum possible im-
provement in the overall encoder com-
pression of about 4%.

Further insight into the encoder-
simulator operation is provided by the
word frequencies of the 25 entries from
the word dictionary with largest fre-
quency of usage. This is of interest be-
cause it illustrates the effect of multiple
word dictionary entries on word statis-
tics. Fig. 8 shows these observed word
frequencies and the curve 0.1/N used
earlier for encoder performance calcu-
lations. The total frequency of usage of
the word “the” is also shown on Fig. 8.
This point, which is obtained by adding
the usage of all entries containing “the,”
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is close to the previously measured fre-
quency of “the” plotted in Fig. 1.

An indication of the encoder-simula-
tor complexity is given by its dictionary
memory requirements. The larger dic-
tionary, 1,340 entries, requires 2,300
half-words (24 bits each) of storage;
the smaller dictionary, 831 entries, re-
quires 1,600 half-words. These memory
sizes are required for normal encoder
operation which does not include statis-
tics collection.

DISCUSSION

The simulation of a dictionary encoder
indicates that a printed English com-
pression of 50% is realizable for a broad
type of English language text when
using a 1,000-entry dictionary. Best per-
formance of the dictionary encoder is
obtained after careful dictionary optimi-
zation for the type of text to be encoded.
This can be done by using computer
collected statistics or could be entirely
done, including the selection of better
dictionary entries, by a computer. For
input texts with a limited variety of sub-
ject material a compression better than
509 should be expected when using a
1,000-entry dictionary. The gradual
variation of compression with dictionary
size indicates that a compression of the
input text to 60% to 70% of its original
size should be possible with a dictionary
consisting of a few hundred entries.
While not considered a part of the en-
coder evaluation it should be noted that
the compressed encoder output will be
more susceptible to transmission or
processing errors than the original text
because less language redundancy is
available to facilitate visual error cor-
rection.

A significantly better compression
than 509 for a broad type of text is
possible as demonstrated by Shannon,

but this would require additions to the
dictionary encoding logic. One such
addition would be a memory of the re-
cently encoded text, This could be prac-
tically done by searching back in the
encoder output to find identical strings
of code words, and replacing the re-
peated string by a reference to the earlier
occurrence. Such a technique would
reduce the number of code words needed
to send words or phrases which are not
in the dictionary, but are used more
than once in a particular piece of input
text.
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DESIGN AND INTEGRATION OF A LOW-POWER

DTL-JK FLIP-FLOP

A flexible integrated flip-flop circuit has been successfully designed and
fabricated. Close marriage of circuit design and integrated component
limitations had fo evolve to enable a practical design implementation.
Improvements in component fabrication capability had to be realized. Yield
improvements due to greater circuit complexity also had to be realized.
Worst-case circuit designs using loose tolerance components had fo be
accomplished. The overall results of these efforts is a flip-flop design which,
from a logic and systems point of view, allows simplified improvision of a
large variety of counter, register, and control operations.

HE diode transistor logic (DTL-JX)

flip-flop (see Table I, Glossary of
Terms) is one of a complete family of
low-power integrated logic circuits de-
signed at RCA. Other family members
include a dual four-input gate, a quad
two-input gate, a dual four-input buffer
gate, a dual three-input phantom-or gate,
and a gate-input expander module. The
design criteria used for the flip-flop cir-
cuit were minimum power dissipation,
1-MHz minimum clock complementing
rate, high-threshold and pulse-noise im-
munity at all inputs (primarily at the
clock inputs), maximum logic flexibility
in counter, register, control and other
applications, and operation over a
—55°C to +125°C temperature range
at power supply voltages from +3.8 to
+6.3 volts.

LOGIC CAPABILITY

Fig. 1 shows a schematic diagram of
the flip-flop circuit and Fig. 2 shows a
photomicrograph of an integrated flip-
flop chip. The circuit of Fig. 1 may be
operated as either a pc set-reset (Rs)
flip-flop, or as a clocked sx flip-flop hav-
ing pc set-reset capability. In the rs
mode, the circuit provides two DpC sei
terminals and two DC reset terminals.
The features of the flip-flop in the
clocked 7k mode are as follows:

1) Split-clock or single-clock input ca-
pability.

2) Internal self-steering of clock trigger

circuit,

3) Two external steering controls at
each clock trigger circuit.

4) A bpc set-reset capability for either
high or low clock inputs,

5) Steering control independent of
clock-input state (clock triggering
impossible without proper steering
levels).

6) Clock negative-edge triggering (false
triggering from steering lines impos-
sible).

7) A JK mode master-slave equivalency
(race conditions impossible).

~
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8) Fan-out of each flip-flop output to
six-unit gate loads under all operat-
ing conditions (all gate and buffer
types in the logic family present a
unit gate load).

9) Simple loading rules:

a) Any pc set or reset input to the
flip-flop represents one unit gate
load.

b) Any steering input to the flip-flop
represents one-half of a unit gate
load.

In the single-clock mode of oper-

ation, the common-clock input

line of the flip-flop is defined as
two unit gate loads.

In the split-clock mode of opera-

tion, each clock input line of the

flip-flop is defined as two unit gate
loads.

Well defined output logic levels: I

level typically 0.6 volt less than V..,

0 level typically 0.1 volt (Voo-sat).

C

~
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~
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CIRCUIT CAPABILITIES

Low-Power Dissipation

The power dissipation in the flip-flop
circuit with the clock and steering lines
low is typically 8 mW for a V,, of 4.0
volts.

High-Noise Immunity

The clock-line threshold immunity to
noise is typically 1,500 mV over the full
operating temperature range of the cir-
cuit. The threshold immunity increases
toapproximately twice this value for
noise pulses less than 100 ns wide. The
pC set-reset line has a typical threshold
immunity greater than 1 volt over the
full operating temperature range. The
threshold level for this line increases
approximately 509% for noise pulses
less than 50 ns wide. For the steering
line, the threshold immunity is typically
1,200 mV at +25°C, and 700 mV at
—55°C with the line high; or 1,900 mV
at +25°C, and 1,100 mV at +125°C
with the line low. For a high-steering
line, the threshold immunity is increased
approximately 509 for noise pulses less
than 100 ns wide.

Buffer-Circuit Output Impedance

The use of buffer-circuit output imped-
ances at both flip-flop outputs assures
relatively constant output-drive charac-
teristics under conditions of high ca-
pacitive loading and also provides a low
impedance to any Ac coupled noise.
These circuits provide complementary
outputs and provide logic swings com-
patible to all gate and buffer family
members.

One MHz Complementing Rates

The flip-flop will properly complement
for clock signal rates up to 1 MHz over
the full temperature and fan-out range
in a system utilizing compatible family

GLOSSARY OF TERMS

SET-RESET FLIP-FLOP: Two cross coupled
inverting gates, each having additional in-
puts to permit level control of the set and
reset operations.

JK FLIP-FLOP: A flip-flop having provision
for proper toggling operation using only a
clock signal input {J's are the steering con-
trol inputs on the O-side steering gating;
K's are the steering conirol inputs on the
I-side steering gating).

STEERING CONTROL: Externa!l and internal
flip-flop signal connections to permit con-
trol of a clocked trigger input signal.

SPLIT-CLOCK CAPABILITY: A flip-flop hav-
ing separate | and 0 clocked input trigger-
ing circuits,

MASTER-SLAVE FLIP-FLOP: A double flip-
flop {dual-rank) mode of operation which
permits entry into the '‘master’’ flip-flop
during one clock input signal phase and
transfer from '‘master’' to ''slave' (out-
put) flip-flop during the opposite clock in-
put phase. Such operation avoids the
occurrence of possible race conditions in
shift-register, counter, and control appli-
cations.

SUBSTRATE: Basic integrated-circuit sili-
con-wafer starting material.

FORCED BETA (B8): Circuit operation in a
condition where both base and collector
currents are fixed by circuit conditions
crja’rher than natural transistor beta con-
itions.

FORCED ALPHA ({a): Circuit operation in
condition where both emitter and collector
currents are fixed by circuit conditions
rather than natural transistor alpha con-
ditions.




members. The flip-flop provides typical
turn on and turn off propagation delays
of 150 ns.

Reliable Triggering Under Widely
Varying Clock Waveshape Conditions

The trigger circuit is relatively insensi-
tive to variations in the clock trigger
pulse. Satisfactory operation can still
be obtained when the clock pulse has
been degraded to the point that the amp-
litude is less than 2.5 volts and the
trigger-edge transition time is greater
than 300 ns.

CIRCUIT OPERATION

The flip-flop circuit (Fig. 1) consists of
two inverter gates cross coupled to form
a bistable circuit, together with a trigger-
control circuit. (In the discussion that
follows, positive logic is assumed; 0 = 0
volts and 1 =~ V...)

Each inverter gate circuit operates as
a three-transistor inverter amplifier, with
an emitter-follower circuit used to sup-
ply the output drive for the high-level
(1) state and a saturated transistor used
to supply the low level (0) output. Gate
fan-in is provided by three-input pnp sub-
strate transistors. The gate circuit out-
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put goes to a low level when all fan-in
points are at a high level, and goes to a
high level when any fan-in point is at a
low level. The use of an emitter-follower,
high-level output circuit provides rela-
tively constant turn-off speed under con-
ditions of high capacitive loading. More-
over, any noise voltages that occur dur-
ing the high level output of the gate,
whether as a result of Ac coupling or of
loading variations, will be damped by
the low-impedance emitter follower.
Another advantage of the emitter-fol-
lower load circuit is that it provides
negligible dummy-load current to the
saturated output transistor during the
low-level output state. Noise voltages
occurring during the low-level output of
the gate will be damped by the low im-
pedance saturated output transistor.

Direct-current setting of the flip flop
is accomplished by the application of a
low-level input at either terminal 10 or
13. The pc resetting is accomplished
when a low-level input is applied to
either terminal 5 or 8. A high-level in-
put at a bpcC set or reset input terminal
will have no effect on the operation of
the flip-flop circuit. ‘

Trigger setting or resetting is ac-
complished by a change in the clock-
line input from a high state to a low
state. The flip-flop circuit will be trig-
gered at the negative-going edge of the
clock line pulse only when steering con-
ditions are correct. The flip-flop is nor-
mally set up for split-clock operation.
For single-clock operation, terminals 1
and 2 must be tied together externally.
Internally connected self-steering con-
trols provide the proper toggling action
for single- or split-clock inputs. Con-
nections for two additional external
steering controls are available on each
triggering circuit. Any steering control
input at a high level on the I side trig-
gering circuit (at terminals 11 or 12)
will inhibit the triggering of the flip-flop
to the I state. Any steering control input
at a high level on the 0 side triggering
circuit (at terminals 3 or 4) will inhibit
triggering the flip-flop to the 0 state.

Fig. 1—Flip-fop: schematic diagrarﬁ.

The corresponding triggering circuit will
be enabled only when the two external
steering inputs and the internal self-
steering input are all low. The circuit is
then triggered at the negative-going
edge of the clock-line input waveform.
The positive clock level charges the
proper trigger capacitor under control
of steering circuit conditions. Note that
the I and 0 side-irigger capacitors are
comprised of the junction capacities of
Q30 and @32, respectively. The nega-
tive going clock edge changes the flip-
flop state in accordance with the trigger
capacitor states. The negative going
clock signal also prevents any further
steering input effect on either trigger ca-
pacitor until the clock line returns to a
high level. This sequencing of operation
simulates master-slave type of flip-flop
operation, thus eliminating the possibil-
ity of race conditions. The clock trigger
lines, on both the I and the 0 side, con-
tain RC activating circuits designed to
eliminate effects of transient noise pulses
of amplitudes greater than the 1,500-mV
noise-threshold level that occur at the
clock inputs. When a clock line is raised
to a high state and is held in this state,
the flip-flop trigger capacitors will
change to the triggering potential unless

Fig. 2—Photomicrograph of integrated flip-flop
chip.
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prevented by inhibiting steering condi-
tions. The charge path is from V.,
through R, and the base-collector junc-
tions of Q29 and Q12 into I side trigger
capacitor Q30 and similarly through
R12, Q31, Q20, and Q32 on the 0 side.

It is impossible for any steering input
to charge either trigger capacitor.
Rather, these steering inputs will merely
dictate whether the high-level clock in-
put will be allowed to set the associated
trigger capacitor. This type of steering
control is achieved by the saturation or
cutoff of transistor stages Q8 or Q22
which are effectively paralleled across
junction trigger capacitors Q30 and Q32
respectively. For example, saturation of
Q8 sets the emitter of Q12 to approxi-
mately one V,...: above ground. All
charge current now diverts into the
base-emitter of Q12 and through Q8 to
ground. Trigger capacitor Q30 conse-
quently charges no higher than V.. ...
of (8. During triggering, to ensure
proper master-slave operation, the nega-

tive-going-clock trigger edge also pulls
down the emitter of 029, thus diverting
all base-collector charge current and
cutting off QI2. Trigger capacitor Q30
is now completely isolated for all effects
on the x side steering circuit regard-
less of the state of (08. This condition
exists until the clock line returns high
thus allowing the trigger -capacitor
charge path to again function under
control of the k side steering condi-
tions. An identical situation exists on
the 0 side trigger circuit. As a result,
triggering of the flip-flop can never be
falsely initiated or prevented by any
steering line signal, regardless of clock-
line levels. Similarly, when the steering
inputs are inhibiting, the flip-flop can
never be erroneously triggered from the
clock lines. The internal steering con-
nections assure that the existing state
of the flip-flop will enable either the trig-
ger circuit of the I side or the trigger
circuit on the 0 side. Thus, the proper Jx
function is guaranteed.

Negative clamp diodes included on
both clock input lines eliminate the pos-
sibility of double triggering of the cir-
cuit because of ringing at the negative-
going edge of the clock input. Some
presently existing integrated flip-flops
have been noted to be quite susceptible
to such clock line ringing.

OPERATING CHARACTERISTICS

Figs. 3 and 4 show the noise margins
measured on typical flip-flop units. Fig.
3a illustrates clock-line noise immunity
characteristics of the unit for positive
noise pulses that occur on a low clock
line. Fig. 3b illustrates clock-line im-
munity characteristics for negative noise
pulses that are developed on a high clock
line. Fig. 4 shows the pc set and reset
input threshold level and the steering
control input threshold level.

Fig. 5 points out the allowable range
of variations in the clock waveform char-
acteristics in typical flip-flop units. Note
that proper binary operation exists for
trigger edge transition times varying
from 0 to 600 ns under all allowable
temperature and clock pulse amplitude
conditions.

Fig. 6 defines the required clock,
steering, and DC set-reset input pulse
widths and their respective timing rela-
tionships for proper flip-flop operation
under all allowable operating conditions.

LOGIC EQUIVALENT

Fig. 7 shows the equivalent logic dia-
gram and Boolean expressions which de-

Fig. 4—Typical noise-immunity threshold levels
for the steering inputs and for the DC set and
reset inputs of the flip-flop circuit.
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fine the logic functions and capabilities
of the flip-flop circuit. This equivalency
illustrates the master-slave JK mode of
operation. In this case, the master stor-
age unit is actually comprised of I and
0 side trigger capacitors,

MONOLITHIC INTEGRATED CIRCUIT
COMPONENT CONSIDERATIONS
Many circuit design restrictions are im-
posed by the limitations of achievable
integrated component characteristics

(see Fig. 2).

Trigger Circuit Capacitors

The flip-flop configuration utilized re-
flects a definite effort to minimize the
size and tolerance of the trigger capaci-
tor elements required. Utilizing capaci-
tors Q30 and Q32 in the base circuit of
transistor stages Q13 and QI6 respec-
tively, and R10 and R in the emitter
circuits, yields trigger circuit energy
time constants of 8 times the RC value.
In addition, utilizing the trigger capaci-
tors with one end grounded, augments
the actual junction or metal-oxide ca-
pacitor with the back-biased n+ to sub-
strate junction capacitance. Both the
above circuit techniques allow the use
of small (20-pF nominal), relatively
loose tolerance (—0%, +75%) capaci-
tors. The range of capacitor values se-
lected guarantees proper switching of
the slowest flip-flop element while at the
same time permitting operation at 1-
MHz repetition rates.

Integrated capacitors may be fabri-
cated using either a metal-oxide or junc-
tion technique. The metal-oxide tech-
nique utilizes a n* diffusion region and
the metalization pattern as the capacitor
plates, with a controlled silicon dioxide
insulating layer acting as the dielectric.

The n+ region is fabricated during the
emitter diffusion step. Such a capacitor,
although not dependent on voltage bias-
ing, requires close control of the silicon
dioxide dielectric thickness for good
capacitor tolerance. Presently, metal-
oxide capacitor values of 0.07 pF/mil®
can be reproduced. Thus, to fabricate a
capacitor equal to 20 pF, a 286 mil® sili-
con chip area is required, excluding con-
tact areas. To guarantee a minimum
value of 20 pF, the parasitic junction
capacitance from the n- plate to the
substrate was paralleled across the metal
oxide capacitor. Measurements show
this capacitance to be about 10 pF at a
-+3.6-volt bias, corresponding to the
fully charged bias of the trigger circuit

“CLOCK

capacitor. This junction capacitor in-
creases to about 15 pF as voltage bias
decreases to a V,,..q: potential. Objec-
tions to the metal-oxide capacitor are
the extra process steps required in fabri-
cating the specially controlled silicon
dioxide dielectric thickness as well as
the loss of some units due to pin-hole
shorts in the dielectric layer. Fig. 8
shows a photomicrograph of an early
version of the flip-flop circuit using two
metal-oxide capacitors along with cor-
responding paralleled n+ to substrate
junction capacitors.

The junction technique utilizes paral-
leled sets of back biased silicon junc-
tions, be they collector-substrate, base-
collector or emitter-base junctions. Such
capacitors are dependent on the voltage
bias across them. No special process
steps or pin-hole problems exist with
this type capacitor. Care must, however,
be given to maintain fabrication proce-
dures and diffusion doping levels reason-
ably constant in order fo attain good
control over capacitance values.

Two 20-pF junction capacitors were
fabricated for use in the final flip-flop
circuit shown in Fig. 2. Design goals
were for total junction capacitances of
24 pF at a +3.6-volt bias. This value
increases to about 35 pF at a Viesa:
bias. To implement such a capacitor,
three emitter-base junctions, three col-
lector-base junctions and one collector-
substrate junction were paralled to-
gether, Area of the collector-substrate
junction was enlarged to yield the de-
sired capacity value. Total area used
for one 20 pF junction capacitor is 165
mil’,

Resistors
Total resistance value utilized per flip-
flop chip is 123 kilohms nominal. Inte-

Vi GATE
INPUT ] ‘ g .
‘ : : mEla pea . nieaE
STEERING \. e A
INPUT | 150 sl " st —of ] r— i__L, .
e L e ;.
Recommended
Recommended Minimum Advance
Minimum of Clock
Symbol Definition Pulse Width Trigger Edge
t, Trigger Circuit Set-Up Time 650 ns
tw Minimum Width of Clock Pulse 350 ns
so Steering Allow Set-Up Time 850 ns 850 ns
by Steering Inhibit Set-Up Time 550 ns 550 ns
tg.m DC Set or Reset Pulse Width 500 ns

Fig. 6—Required pulse widths and timing relationship of the inputs to the flip-flop circuit.
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grated circuit resistor resistivities are

typically 175 ohms per square, meaning
700 squares are required to implement
the 123 kilohms. If layout rules are
carefully observed, resistor absolute tol-
erances of =209 and ratio tolerances of
3% can be achieved. At the initiation
of the flip-flop design, these layout rules
called for minimum resistor widths of 1
mil and single-piece, straight-run resis-
tor shapes. To practically achieve 123
kilohms resistance in the allowable chip
size, resistor widths of 0.6 mil as well
as “weaved” resistor patterns had to he
utilized. All resistors requiring close
ratio tolerances were made equal in
width. A total resistance of 97 kilohms
was fabricated using 0.6-mil widths. A
total resistance of 26 kilohms was fabri-
cated using 1-mil widths. Results to date
on the flip-flop design show that resistor
absolute and ratio tolerances are falling
within the required worst-case values.

Transistors

The saturating output transistors used
on the flip-flop circuit are designed for
especially low V..., values. An n+
collector contact ring is placed almost
entirely around the base region, with
collector metalization contact along this
ring maximized. In addition, an n+
epitaxial collector layer is used beneath
the entire n-area to further lower col-
lector saturation resistance. On the flip
flop units, V. .: values of 0.2 volt
under maximum loading and tempera-
ture conditions at ¥V, = 4.0 volts are
typical.

The K steering circuit transistors, Q,,
Q., and Q, are fabricated as one unit
having a common-collector region. An
identical situation exists on J steering-
circuit transistors, @26, Q27, and Q28.
In both cases chip area is reduced by
such a scheme,

In the flip-flop steering circuit it is
required that 8’s of the pnp substrate

transistors of Q29, QI2, Q13, Q31, Q20,
and QI6 be low. In additon the inverse
B of transistors Q29, Q31, Q13, and QI6
must be low. Both of these character-
istics are obtained by using a gold dop-
ing diffusion fabrication process. Pnp
and inverse B’s of 0.2 or less have
been measured on the flip-flop of Fig. 2.

Metalization Pattern

Metalization widths of 1 mil or more
were utilized wherever possible. In cer-
tain areas, however, metal widths of be-
tween 0.5 and 1 mil were necessitated by
the density of signal wiring. Such runs
were made 1 mil or more wherever pos-
sible. Metal run separations of 1 mil or
more were used in all cases. Metal run
crossovers were accomplished by the use
of tunnels. Note that the low-power dis-
sipation level of the flip-flop eliminates
power distribution problems associated
with either narrow metal patterns or
tunnels, '

MONOLITHIC INTEGRATED CIRCUIT
DESIGN CONSIDERATIONS

Trigger Circuit Energy

To guarantee proper triggerable flip-flop
operation under all allowable operating
conditions, the steering circuit must be

Fig. 8-—Photomicrograph of early flip-flop ver-
sion using two metal oxide capacitors.

capable of holding the on-gate side off
until the flip-flop unit latches itself.
Specifically, at the clock trigger edge
and assuming the flip-flop is to be
switched from a 0 to a I state, all I-gate
on current drive from V., through R5
and R8 must be diverted through Q13,
and R10 into the low CP, line. This con-
dition must be maintained until the ¢
gate turns on and changes the base po-
tential of Q9, thus diverting the I-gate on-
current drive and causing the flip-flop to
latch. The general expression derived for
the steering circuit trigger capacitor dis-
charge time is:

ip (£) = (Iz — I¢) exp (—t/7)

Ry
= reo=| g ]ew
(1)

where: i, (£) = trigger capacitor dis-
charge current; I, = initial Q13 emitter
current through RI10; I, = initial Q13
collector current from R5 and R8; R.,
= equivalent resistance reflected into
Q13 base circuit; a(¢) = forced ig(t)/
i.(¢) of Q13; and c(z) = trigger capaci-
tor Q30. Note that = contains two ex-
pressions, namely () and c¢(¢) which
are functions of time.

As capacitor Q30 discharges, the emit-
ter current, i, (¢) through Q13 decreases.
The i, (¢) will decrease slightly in value
as a function of time as the overdrive
factor of Q13 decreases. The overall re-
sulting effect is an increase in the value
of «(t) as a function of time. Effectively,
the increase in a(t) corresponds to an
increase in the forced 8 of QI3 with
time. Qualitatively what is taking place
is a reduction in capacitor discharge
current with time and consequently an
increasing discharge time constant. Sub-
sequently the trigger capacitor dis-
charges at progressively slower rates to-
ward a zero-current level.

Since capacitor (30 is a junction ca-
pacitance, its value will increase with
time during the discharge period. Thus,
the C(t) expression in Eq. 1. Note
that the increase in the value of C(¢)
acts to increase the discharge time con-
stant of the trigger circuit.

To simplify solution of Eq. 1, two
conservative assumptions were made.
First, C(t) was assumed constant at its
initial fully charged or minimum value
with time. Second, the «(t) value was
broken into four time segments and as-
sumed constant at its initial value in
that time segment. Eq. 1 was then
solved for time ¢ over the four separate
time segments using Eq. 2:

I — 1
= RB 1 final initial
¢ C n [ Irinul - IcrH’Lcal
(2)

The critical value of current used for
one «(t) section corresponded to the

®




initial current value of the next «(t) sec-
tion (initial current values calculated
from initial «(¢) values). The final cur-
rent value is zero and thus can be
dropped from Eq. 2.

Worst-case conditions exist at —55°C
temperatures. This is due mainly to the
decrease in 8 of Q13 at lower tempera-
tures. Based on experimental and cal-
culated results, the slowest flip-flop unit
is found to have a maximum latch time
of 450 ns at —55°C. The four time
segments at which Eq. 2 was evaluated
were for o, = 0.14, @, = .714, o = 0.833
and @, = 0.91, corresponding to forced 8
values of 0.16, 2.5, 5, and 10 respectively.
The final « value of section four was 0.938
corresponding to a 8 of 15, which is the
minimum value assumed at —55°C.
Using the above criteria, a trigger capac-
itor Q30 of 20 pF minimum, along with
a worst case RI10 value of 73% of the
2,000 ohms mnominal, can maintain
enough base drive through QI3 to sink
all I-side on-gate current for 566 ns,
thus guaranteeing proper worst-case
toggling action. As soon as the flip-flop
toggling action has occurred, and when
the clock line is returned to a high level,
capacitor (30 will discharge rapidly
through saturated stages Q12 and Q8.
Thus, no penalty is paid in the discharge
cycle if the B Rrc discharge time con-
stant is appreciably higher than the
flip-flop latch time. An identical situa-
tion exists on the 0-side trigger circuit.

Inverse-8 And pnp Requirements

As mentioned in the preceeding sec-
tion, it is necessary to maintain a low
pnp substrate 8 at steering circuit trans-
istors Q29, Q12, QI3, Q31, Q20 and
Ql16. In addition, a low inverse B8 at
transistors Q29, @13, Q31, and Q16 is re-
quired.

For example with the clock line at a
high level, the flip flop in the I state and
V.. = 4.0 volts the following situation
arises. The Q29 is biased in an inverse
direction, while both the pnp substrate
transistors at Q29 and QI2 are forward-
biased. Clock current now flows into
the emitter of Q29. If the inverse 8 of
Q29 takes on a maximum value of 0.2, a
16-#A clock-line current drain can oc-
cur. This has a completely negligible
effect on the high clock-line voltage po-
tential. On the other hand, a maximum
inverse 8 of 2 would cause a 156-zA high
clock-line current drain to flow. A gate
circuit driving three flip-flop clock-line
loads may then be forced to pass 468xA
in the high state. This in turn would
drop the clock-line I level by about 187
mYV, an allowable but notable effect.

A second situation arises in the charg-
ing time constant of the trigger capaci-
tor circuit. In this case, assume a high
clock level and a O-state flip-flop exist.
This again biases 029 on in the inverse
direction while also forward biasing both
the pnp substrate transistors of Q29 and
QI2. Assuming an inverse 8 and pnp 8

of 0.2 maximum slows down the trigger
capacitor charge time constant by 16.5%,
a tolerable value. On the other hand, a
pnp B of 1 maximum (inverse B as-
sumed approximately equal to pnp )
would cause a 509% slowdown in trigger-
capacitor charge-time constant.

SUMMARY OF APPLICATIONS

In summary, the following applications
illustrate some of the logic flexibility of
the flip-flop circuit:

1) Fig. 9a shows the logic diagram of a five
stage shift register configuration. Feed-
back connections for either ring counter
or unidistant decade register operation
is permissible.

2) Fig. 9b shows the logic diagram of a
three-stage ripple counter configuration;
nand-gate assembly of clock gated
counts 5 and 8 are also shown.

3) Fig. 9¢ shows the logic diagram of a
three-stage parallel-carry counter con-
figuration; nand-gate assembly of clock
gated count 8 is also shown. Note that
all counter gating is accomplished
through use of the multiple 5 and x
steering inputs. Six- and nine-stage
parallel carry counters can be imple-
mented using only three and six exter-
nal nand gates, respectively.

4

~

Fig, 9d shows the logic diagram of a
ripple-through decade counter. The

counting sequence is also given. For this
application the split clock capability is
used to facilitate resetting the fourth
counter flip-flop.
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ELECTRONIC ZOOM BY VARYING VIDICON RASTER SIZE

An imagining camera used in airborne or missile applications requires low
weight components. When both wide-angle and narrow-angle zoom viewing
is desired, the lens system usually becomes heavy and complicated. This paper
presents a means of obtaining the desired zoom feature by electronically
varying raster size on an imaging tube. An electronic zoom camera has been
designed and built at RCA using a l/5-inch vidicon and magnetic deflection
at standard commercial frame rates. A beam-current servo loop and automa-
tic target control allow zoom-ratio variation from [:1 to 5:1 without tube

adjustments.

D. F. DION and R. C. KEE, Ldr.
Electro-Optical Engineering

Aerospace Systems Division, DEP, Burlington, Mass.

HEN variable fields of view are re-
unired for a Tv camera system, the
space and weight requirements of the
optical lenses can become large com-
pared to the electronics. If the field of
view can be varied electronically (with-
out optical “zoom” lenses) obvious ad-
vantages are gained in specialized Tv
camera applications (such as airborne or
portable cameras where weight and size
are critical), assuming that the image
resolution and quality so obtained are
adequate for the application involved.

R. C. KEE received his BSEE from Worcester Poly-
technic Institute in 1955 and his MSEE from North-
eastern University in 1941, Since joining RCA in
1956, after a year at Bell Telephone Laboratories,
Mr. Kee has worked on the design and develop-
ment of magnetic modulator and transistor circuits
for airborne conversion equipment, logic and digi-
tal circuits for weather balloon telemetry, and
transistor circuits for video tape servo and infrared
seeker systems. He has completed work on Video
Image Processor circuits and logic for a satellite
borne Optical Tracker. Recently, he directed the
design of circuits and logic for a master fimer
synchronizer, and slow image motion processor
components, for the AN/FSR-2 Optical Surveillance
Subsystem. He was concerned with the study and
design of lightweight, high efficiency DC-to-DC
converters and DC-to-AC inverters for the LEM
project, using semi-conductor and magnetic tech-
niques. He supervised the design of a cooled in-
frared vidicon camera and the development of a
deflection intensifier vidicon camera with electronic
zoom and image deflection capability. At present
he is directing a group in Electro-Optical Engi-
neering, responsible for the design of high resolu-
tion TY displays and digital timing and logic for

o

ELECTRONIC ZOOM—ADVANTAGES
AND DISADVANTAGES

The 1%%4-inch-vidicon zoom camera de-
scribed herein is more compact and light-
weight than one with the customary
optical zoom lens. It uses magnetic
deflection at standard commercial frame
rates. Control flexibility is inherent,
since a beam current servo loop and an
automatic target control allow zoom-
ratio variation from 1:1 to 5:1 without
tube adjustments. This gives many pos-
sibilities for feedback control of field of

project Night Life. Mr. Kee is a member of [EEE,
Eta Kappa Nu, Tau Beta Pi, and Sigma Xi.

DONALD DION received the BSEE from the Uni-
versity of Maine in 195, and did graduate work at
Brooklyn Polytechnic Institute. He became associ-
ated with RCA in 1951 as an inductive component
engineer. On a research fellowship from [956 to
1957 he did graduate work in the field of network
synthesis. Retfurning to RCA in 1957, Mr. Dion did
logic design on automatic test equipment and time
division data link instrumentation. From 1958 to
1959 he worked on communications problems of a
satellite interceptor system and on nose cone dis-
crimination procedures including an examination of
applicable radar polarization techniques. From
1960 1o 1963 Mr. Dion worked in the radar area
where work included performance evaluation of
monopulse radar, digital radar signal processing,
and correlation fechniques. Since 1943, Mr. Dion
has worked in the Electro-Optical group where
work has included statistical analysis of the low
contrdst performance of image and photomultiplier
tubes, circuit design on an infrared vidicon camera
chain, and implementation of techniques for elec-
tronic image stabilization and electronic zoom.

view. The response time of the zoom is
fast in the forward direction, since no
mechanical parts must be moved.

A fundamental limitation of the elec-
tronic zoom technique is that an ex-
tremely good image tube is required in
order to obtain high resolution in the
zoomed condition. However, this is partly
offset by the fact that the resolution is
usually much better at the center of the
tube and optics than at the outer circum-
ference. A relatively slow response time
is obtained when reversing zoom ratio,
since the unscanned photosurface area
had been integrating large amounts of
light which must be discharged by more
than one frame of electron scan. In
general, higher resolution may be ob-
tained by optical zoom lenses, but at the
obvious cost of weight and flexibility.

Raster burn because of underscanning
may or may not be a limitation depend-
ing upon the particular camera applica-
tion and upon the particular tube being
used. For instance, in the tactical missile
guidance application for which the zoom
camera was constructed, raster burn is
not important since zoom operation
occurs only once; moreover, raster burn
has not occurred in more than two years
of operation with this camera. Slight
raster burns have, however, been ob-
served on a similar vidicon used in a
similar application. These facts, coupled
with the observation that tube manufac-
turers do not warrant their standard
vidicon photoconductive surfaces against
changes in target sensitivity resulting
from underscanned operation, suggest
that the designer should be aware of
these pitfalls before wundertaking a
design.

This zoom technique has many appli-
cations where the size and weight advan-

Final manuscript received November 2, 1966.




tage may be used. Airborne or missile
cameras may be used for surveillance in
the unzoomed conditions and when any
suspicious objects or targets appear, may
be zoomed in for closer examination.
Portable Tv camera equipment may be
made lighter and more compact where
the resolution is sufficient. The technique
may be extrapolated for use in other
image tubes with raster scans.

TECHNIQUE DESCRIPTION

A diagram of the electronic zoom camera
is shown in Fig. 1. A simple, fixed focal
length lens is used to focus an image
from the light box onto the photoconduc-
tive surface of the 8521 vidicon tube.
Magnetic deflection coils are used to
deflect the vidicon beam across the target
surface to obtain a standard television
raster of 525 lines at standard rates. The
vidicon beam current is kept constant by
use of a beam current servo circuit con-
sisting of the vidicon, R,, R,, and bc
amplifier 4. The grid No. 1 voltage
determines the amount of beam current
flowing in the vidicon. By varying the
potentiometer R,, the output voltage of
A which feeds G, may be varied, thus
adjusting the beam current to a desired
value. The beam current flows out of the
cathode (K) through R, which generates
a voltage across R, proportional to the
current. This voltage across R, is sent to
A as an error voltage to keep the current
constant through R, and thus also con-
stant out of the vidicon.

Normal magnetic deflection coils are
used for sweeping the electron beam to
produce the standard raster. A normal
format of 3:4 aspect ratio is used and,
in the unzoomed position, the rectangular
format is just circumscribed by the

RASTER
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vidicon target ring. By varying a single
voltage potentiometer in the raster zoom
control, the rectangular sweep raster on
the face of the vidicon may be varied
continuously by a factor of five in linear
dimensions. This reduction in vidicon
raster size essentially reduces the field
of view as seen by the monitor. That is,
if a 25° field of view is focused onto the
vidicon face in the unzoomed condition,
only 5° field of view is looked at by the
reduced scanning raster. This, in es-
sence, provides a zoom image on the
monitor. There raster zoom control con-
sists of the horizontal and vertical deflec-
tion coils. Each deflection circuit is
continuously adjustable over a 5:1 sweep
range and is voltage controlled from a
common zoom control potentiometer.
When zooming, the 3:4 aspect ratio is
kept and the raster remains centered.

In order to keep good picture quality
on the monitor while zooming, an auto-
matic target loop was designed. The
purpose of this feedback loop is to insure
a relatively constant amplitude video
signal output for the changing conditions
within the vidicon during zoom. The
video signal taken off the target (T') is
amplified through the video preamp and
amplifier to be used by the monitor. This
amplified signal is also rectified and
filtered in the integrating amplifier to
obtain a pc voltage proportional to the
average video out. This pc voltage is
then fed back to the target lead through
resistor R; to keep the video a constant
average value. For ease of loop evalua-
tion, an auto-manual switch is provided
to open up the target loop and adjust
the target voltage with potentiometer R..
Thus, with a beam servo loop to keep the
beam current constant and an automatic

TO:MONITOR

target loop to keep the output video con-
stant, the electrical zoom control may be
used without fear of having to readjust
other controls at each zoom setting,

ELECTRONIC CAMERA CHARACTERISTICS

Zoom ratios of 5:1 have been achieved
in the electronic camera. Higher zoom
ratios are possible; however, the maxi-
mum usable zoom ratio will be limited
by the loss in picture resolution as the
camera is zoomed. The loss of resolution
comes about primarily because of the
reduced vidicon raster size as the picture
is zoomed. This reduction in raster size
reduces both the effective resolution of
the vidicon itself and the effective resolu-
tion of the lens. The loss of vidicon
resolution results because the size of a
resolution element, referenced to the
scanned portion of photoconductive sur-
face of the vidicon, becomes smaller as
the raster is zoomed, while the size of
the read-beam spot stays relatively large.
This large read-beam spot scanning over
a small resolution element results in a
reduction in picture contrast and, there-
fore, in resolution. The loss in resolu-
tion of the lens is a result of the smaller
lens angle subtended by the zoomed
image.

The effective resolution of the vidicon
by itself is inversely proportioned to the
zoom ratio. For an unzoomed vidicon
raster, the size of the scanning spot
approximates the size of a resolution ele-
ment. The size of an effective resolution
element referenced to the scanned por-
tion of the vidicon photosensitive surface
is, however, inversely proportional to the
raster size. As a result, the effective
resolution of the vidicon is inversely pro-
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portional to the raster size or to, what is
the same, the zoom ratio.

The effective resolution of the lens also
is inversely proportional to the zoom
ratio. This is true because the resolution
of the lens is determined by the lens angle
subtended by the image projected on the
vidicon photosensitive surface. Since this
angle is approximately inversely propor-
tional to the zoom ratio, so also is the
lens resolution. The loss in overall
camera resolution occasioned by zoom-
ing can be quantified by considering the
vidicon and lens as being low pass filters
in a cascade of low-pass filters. If each
of the filters in such a cascade (see
Fig. 2) have high-frequency rolloff rates
approaching Gaussian—that is, R(f) =
exp[—f/20°]—then it can be shown
that the limiting resolution (2% re-
sponse) is given by:

11 1 1 1
le + N32 + N;;E +

where: N, = total system limiting reso-
lution in Tv lines, N, = limiting resolu-
tion of lens in Tv lines, N, = limiting
resolution of (8521) vidicon, N; = limit-
ing resolution of video amplifier, and
N, = limiting resolution of Tv monitor.

Representative numbers for the limit-
ing resolutions for the camera con-
structed are:

N, = 2700 7v lines (50 line pairs/mm)

N, = 1500 1v lines (8521, 1 Y4-inch
vidicon)

Ny = 640 1v lines

N, =800 1v lines

These give an overall (unzoomed) reso-
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lution, from Eq. 1, of:
Ny =456 v lines 2)

If the camera is zoomed 5:1, the new
limiting resolutions are:

N, 227529 = 540 1v lines
N, :l%o—‘l = 300 v lines

N; = 640 1V lines
N, = 800 7v lines

This gives an overall zoomed resolution
of:

Nz oomey = 232 TV lines (3)

The measured resolutions and those cal-
culated are compared in Fig. 3 showing
that the resolution at any zoom ratio can
be reasonably well predicted from Egs.
1 and 2. .

The target current as a function of
zoom ratio is shown in Fig. 4. For this
curve the target voltage was kept con-
stant while the light level was varied so
as to maintain a constant amplitude
video output. The curve shows that as
the camera is zoomed, more light is
required to maintain the video output
constant. More specifically, the curve
shows that the amount of light required
to maintain the output video amplitude
constant is approximately proportional
to the area scanned. This proportionality
exists because the target current corre-
sponding to a particular light level (or
the target current difference correspond-
ing to two different light levels) is pro-
portional to the scanning speed or to the
area scanned.

Fig. 4 shows that as the raster is
zoomed the dark current drops. One
would expect that the dark current would
drop in proportion to the raster area

scanned, since it is primarily from the
scanned raster area that the dark current
originates. The dark current curve of
Fig. 4 shows a dropoff in dark current
that is somewhat less than would be ex-
pected from area considerations alone.
Fig. 5 shows the signal output voltage as
a function of zoom ratio as the target
voltage is raised to maintain the dark
current constant. Raising target voltage
as the raster is zoomed tends to increase
the output video amplitude and partially
counteracts the inherent dropoff in video
amplitude occasioned by zooming. Com-
parison of Figs, 4 and 5 reveals that
raising the target voltage when zooming
(constant dark current) results in a gain
in video amplitude of approximately five
over that with constant target voltage.

The vidicon target voltage as a func-
tion of zoom ratio is shown in Fig. 6.
The dotted curve was obtained by man-
ually adjusting the target voltage to ob-
tain an optimum picture at each zoom
setting. The solid curve is the target
voltage obtained at each zoom setting
when the automatic target control servo
loop is closed. Fig. 6 shows that the
automatic target control servo maintains
an image that is close to optimum during
zoom.

CONCLUSIONS

A technique has been described for ob-
taining image zooming electronically
which may be useful in special applica-
tions. Measurements and quantitative
data have been discussed about the lab-
oratory findings. Qualitative pictures, to
date, indicate that the technique is defi-
nitely feasible for particular applica-
tions, with savings in weight and size.
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Fig. 5—Signal output voltage vs. zoom ratio.
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Fig. 6—Electronic zoom camera—
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A linear integrated mMos amplifier has been developed which offers
considerable promise for both analog and digital applications.
Details of amplifier design which features the use of an Mos tran-
sistor for pc feedback are presented. The degenerative feedback so
obtained stabilizes the amplifier’s operating point against variations
in supply voltage and possible drifts in device threshold (pinch
off) voltage. This bias stabilization technique can also be employed
in TFT integrated circuits, The amplifier in its most useful form
is shown in Fig. 1.

The basic amplifier consists of transistors Ty and T., with T,
acting as a load impedance for the input transistor, T'.. As the
mos (and the TFT) is a square-law device, the small-signal trans-
conductance of T. varies linearly with bias voltage, which gives
rise to distortion when a resistor is used for a load as in a conven-
tional amplifier circuit. In this circuit, however, the nonlinear Mos
load compensates for this nonlinearity in transconductance of T
in such a way as to maintain a constant small-signal voltage gain.

Stability is achieved by transistor T, which biases the amplifier
s0 as to maintain the pc condition Vour = Vs Drift in the charac-
teristics of either 75 or T results in an automatic adjustment of
the bias voltage so that the operating point of the amplifier is kept
in its high-gain linear region. The gain of the amplifier is a func-
tion of the resistance of T: By varying the gate voltage of T,
the gain of the amplifier can be controlled. Several amplifier
stages can be cascaded by direct coupling with a feedback loop
around the entire amplifier.

In the experimental amplifiers, it has been found convenient to
make T, and T identical except for channel width. The stage gain
is then the square root of the ratio of the channel widths. Because
the circuit requires no passive components, very little substrate
area is used. Since all transistors can be of the same type, the
number of processing steps is minimized.

Measurements of distortion of experimental amplifiers have
shown harmonic distortion to be less than 0.1% at 1 volt/peak-to-
peak output, and less than 1% at 7 volts peak-to-peak output.
Because of its good linearity and voltage-controlled gain character-
istics, the circuit might find application in 1-F and Acc circuits in
AM receivers, in computer sense amplifiers, and possibly in video
amplifiers.

Fig ~1—Amplifier schematic.

Complementary-Symmetry Silicon-on-Sapphire VIOS
Scratch-Pad Memory Cell

J. F. Allison 1. R. Burns

F. P. Heiman

J. F. Aruison, J. R. Burns, and F. P. HEtmaAN
RCA Laboratories, Princeton, N.J.

Final manuscript received November 17, 1966

Most large high-speed computers have multiple means of data stor-
age. Magnetic tape, discs, or cards serve as auxiliary mass storage,
while magnetic cores are generally used for the main high-speed
random-access memory. Increased system performance can be
dbtained through the use of an additional memory—the so-called
scratch-pad memory. The main memory usually has a capacity of
4,000 to 128,000 words with access times of about 1 or 2 micro-
seconds. The scratch-pad memory is smaller (64 to 512 words)
but is considerably faster than the main memory. It is used to
perform highly repetitive or closed-loop iterative calculations
where its high speed of operation can result in a significant
improvement in computer efficiency.

The problem in designing scratch-pad memories is to find a
sufficiently fast system that can be fabricated at an acceptable
cost. An integrated-circuit Mo0s transistor memory cell that
appears quite promising for use in a scratch-pad memory has been
conceived, constructed, and successfully tested at RCA Labora-
tories. The cell consists of six n-type and four p-type transistors
(see Fig. 1) and requires an area of only 19 by 26 mils as shown
in Fig. 2. Storage of a bit of information is achieved by setting
the state of a 4-transistor complementary-symmetry flip-flop. The
remaining six transistors in the cell are used for selection, write-in,
and read-out. Because complementary symmetry is employed, the
quiescent current drawn by the cell is only a few microamperes.
Nondestructive read-out is accomplished in less than 2 nanoseconds
and the write-in time is less than 15 nanoseconds—considerably
faster than magnetic cores.

The excellent performance of the Mos memory cell was made
possible by the development of a technique for growing single-
crystal silicon layers on a sapphire substrate. If similar circuits
are fabricated on bulk silicon, it is necessary to include back-
biased diodes for isolation, and parasitic effects are troublesome.
These problems have been eliminated by the use of the insulating
sapphire substrate.

To fabricate these memory cells at an acceptable cost, the num-
ber of processing steps must be kept to a minimum. An important
factor in reducing the number of processing steps is the use of a
new technique wherein both the n-type and the p-type transistors
are made from the same p-type silicon layer. The n-type transistors
are obtained in the usual manner by creating an n-type inversion
layer on the surface of the silicon, while the p-type transistors are
deep-depletion transistors’ that do not require an inversion layer.
Another important factor is the use of low-capacitance silicon-film
conduits for conductor crossovers. These conduits are fabricated
at the same time as the transistors and are insulated from the
metallic conductors by the oxide layer, so that only a single metal-
lization step is required.

Acknowledgment: The research reported in this paper was
sponsored by the Air Force Cambridge Research Laboratories,
Office of Aerospace Research, under Contract No. AF19(628) -4208,
and RCA Laboratories, Princeton, New Jersey. D. Cummings,
A. O'Toole, J. Jaklik and R. Adams fabricated the memory cells.

Fig.' 2—Photo-micrograph of silicon’ on: sapphire ‘meniory “cell ready. for mounting

and bending.. Bending lands are’ 2 by 2 mils,
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Short-Circuit Protection for Regulated Power Supplies
With Automatic Reset
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This circuit prevents damage to a voltage regulator when a short
circuit occurs across its output terminals, by supplying a short-
circuit current that is much less than the regulator’s full load
current capability. The regulator automatically returns to normal
operation the short circuit is removed.

Most power-supply regulator-protect circuits are of two general
categories: 1) current limiting or 2) voltage “crow bar”. The cur-
rent-limiting type switches to ‘constant-current operation at some
predetermined value of load current demand which is necessarily
greater than the full-load current. The “crow-bar” type switches
completely off under an overload condition and usually requires a
manual reset switch or complicated reset circuitry for return to
normal operation.

The protect-circuitry described here requires only two low-power
transistors for both the protect and the automatic-reset functions, in
addition to the normal regulator circuitry. The current output
under short-circuit conditions is much less than full load current.
For example, A 12-V 2A regulator would allow only 300mA of
short-circuit current. The short circuit current is not supplied by
the series pass transistor, but by a special start circuit that is gated
into the output circuit only during a short circuited condition. Dur-
ing this shorted time, the series-pass transistor is completely cut
off, which also reduces the power dissipation requirements (as op-
posed to the current-limiting type of operation) because it never has
to carry more than full-load current. The short-circuit current from
the start-circuit is just sufficient to restart the regulator when the
shorted condition is removed from the output terminals.

Detailed Circuit Description: (Fig. 1): A normal transistor regu-
lator circuit comprises Q3, 04, Q35, Q6, Q7 together with CR2, CR3,
R3, R4, R5, R6, R7, R8, R9, and R10. The CRI, Q2, and RI com-
prise a constant current generator to furnish base current drive to
the beta multiplier (Q3 and Q4). The Q5 is the normal pc error
voltage amplifier of a regulator circuit controlled by the differential
amplifier (Q6 and Q7). The QI is in series with CRI of the con-
stant current generator and controls the current drawn thru the
zener diode CRI. When a short circuit is placed across the regu-
lated voltage output terminals, Point C (collector of Q7) drops im-
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The minimum zener voltage of the diode CRS&
must be greater than the maximum volt-
age that can exist between the collector
and emitter of Q3 under cll normai oper-
ating conditions.

Rl4

i

Fig. 3—Automatic start circuit No.
(Points A and B are referenced to Fig. 1).

mediately to zero volts, cutting off QI which in turn cuts off CRI
and Q2. Therefore, the constant current generator is cut off, and
in turn the beta multiplier 03 and Q4. The regulator will stay in
this cut-off condition until a sufficient voltage at Point C starts QI
conducting and restarts the constant current generator,

Start Circuit No. 1 (Fig. 2): Under short circuited conditions,
the voltage between Points A and B will be greater than the zener
voltage of CR4 and will, therefore, conduct the current being lim-
ited by RII. When the short circuit is removed, the current sup-
plied through CR4 and RI11 is enough to raise the voltage at Point
C to restart the constant current generator.

Start Circuit No. 2: (Fig. 3): This circuit improves on circuit
No. 1 when large excursions of the unregulated voltage at Point 4
might cause zener diode CR4 to conduct under normal load con-
ditions, In circuit No. 2, the zener diode CR5 maintains the voltage
at the emitter of (08 constant (¥ zcrs—V5res). Under normal oper-
ating conditions, Point B is at a higher voltage than the emitter
voltage of (8, thus back-biasing the gating diode CR5 and present-
ing current flow through RI15 to Point B. Under short circuit con-
ditions, Point B is at zero volts, thereby forward-biasing the gating
diode CR5 into conduction. When the short circuit is removed, the
current supplied through CR5 and R15 is enough to raise the volt-
age at Point C to restart the constant current generator and in turn
the regulator circuitry.

Unique Features of the Circuit:

1) The short circuit current which is allowed to flow is much less
than the full load current capability of the regulator. This re-
duces the required power capability of the unregulated source.

2) The series-pass transistor is cut-off during the short circuit
conditions and therefore has no power dissipation. This may
allow the use of smaller heat sinks, less air flow requirements,
or even a smaller power transistor.

3) When the short-circuited condition is cleared, the regulator
automatically returns to normal operation (without the use of
a manual reset switch) due to current supplied from the dis-
closed start circuitry.

Laminated Memory Construction with
Discrete Ferrite Elements

I. DRUKAROFF*
and J. L. Vossen®
Systems Lab.,
Communications
Systems Division,

New York,N.Y.

{, Drukaroff J. L. Vossen
Final manuscript received Aug. 23, 1966

This Note describes a monolithic laminated-ferrite memory con-
struction having discrete, physically-separated magnetic memory
elements as shown in Fig. 1. It differs from a previously described?,2
monolithic laminated-ferrite memory which is made by printing con-
ductive patterns on green ferrite sheets, laminating the sheets, and
firing the lamination to sinter the ferrite. In the latter approach,
memory element is constituted by the ferrite surrounding each cross-
over of two printed conductors. Memory elements must be suffi-
ciently spaced from each other so the magnetic flux in one memory
element does not extend through the continuous magnetic material
to the regions of adjacent memory elements.

In the approach shown in Fig. 1, three doctor-bladed, nonmag-
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l Fig. T—Lamination arrangement.
Top and bottom sheets of ceramic

NONMAGNETIC FER'_’RITE {not shown) may be added.

CERAMIC

netic ceramic, green, leather-like sheets are provided with registered
punched holes where memory elements are desired. The holes are
filled with green ferrite in the form of leather-like discs or in the
form of a paste which is allowed to solidify. Paste conductors are
then printed over the ferrite spots on two surfaces of the nonmag-
netic ceramic which become interior surfaces when the sheets are
laminated together. The lamination may include top and bottom
sheets (not shown) of nonmagnetic ceramic material. The lamina-
tion is fired to drive off binders and to sinter the ferrite and non-
magnetic ceramic into a unitary monolithic body having imbedded
conductors. The ferrite surrounding each crossover of two conduc-
tors forms a discrete magnetic memory core separated from other
similar magnetic cores by nonmagnetic ceramic material. Excel-
lent magnetic isolation between ferrite elements, low power con-
sumption, and speed of operation are features of this approach.

*Mr. Drukaroff is now with Defense Microelectronics, Somerville. Mr. Vos-
sen is now with RCA Labs., Princeton.

1. J. J. Cosgrove, A. J. Erikson, and P. D. Lawrence, “Design and Fabrica-
tion of a Monolithic-Ferrite Integrated Memory,” RCA ENGINEER, 11-3,
Oct.-Nov. 1965.

2. R. A. Shahbender, “Research on a Combined MOS-Circuit, Monolithic-
Ferrite Integrated Memory,” RCA EnciNeer, 11-3, Oct.-Nov. 1965.

An Approximate Equation Without Transcendentals
for the Loaded-Q of a Waveguide Cavity Resonator
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Final manuscript recetved Aug. 15, 1966

Several equations relating the doubly-loaded Q of a waveguide cav-
ity resonator to the normalized susceptance of the input-output in-
ductive coupling obstacles (i.e., posts or irises) have appeared in
the literature. These equations employ transcendental functions
that are not convenient for many design calculations. This Note
presents an approximate equation that does not employ transcen-
dental functions and gives reasonably accurate results for most prac-
tical cases.

A single cavity resonator symmetrically loaded by matched wave-
guide terminations through inductive discontinuities can-be repre-
sented by the equivalent circuit shown in Fig. 1. For a nominal
half-wave resonator, resonance occurs when:

2
tan ¢ — —
=73 (1
where B — normalized susceptance of inductive discontinuity, ¢

= 277L /Ay = cavity electrical length, L — cavity physical length,
and A\, = guide wavelength at resonance.

Assuming B varies linearly with A (ie., B = K\, where K is a
constant), the loaded Q of the resonant cavity has been derived by
Reed:1

0=% (32) [svEraar (5) + 750 o

where Q. = loaded Q of resonant cavity, and A, = free-space wave-

length at resonance. This exact expression for Q. takes into ac-
count the frequency sensitivity of B. (It should be noted that the
center frequency is neither the geometric nor algebraic mean of the
half-power frequencies.2)

Approximate equations for loaded Q are available that neglect
the frequency sensitivity of B. In Mumford’s classic paper on
waveguide filters,? the equation for loaded Q is:

Q=% (A}iﬁ) 2 [——B Vm(%)] (3)

This differs from Equation 2 by the absence of the factor

2B2/\/B% + 4.

Riblet4 employs an expression for Qy, as follows:

0n = (7 — @) cos ¢
= sin2 ¢ : (4)

Letting ¢ = tan™1 2/ B, Equation 4 becomes identical to Equation 3.
Pritchard,? and Fano and Lawson® compute the loaded Q from
the following equation:

o=(H5)(3) e (7)o

This equation has also appeared in Volume 9 of the Radiation
Laboratory Series,” which presents the following simplified equation
applicable to narrowband filters when B » 10:

Qu= '774—32(%)2 ) (6)

It is hereby recommended that the following equation be used to
relate doubly-loaded Q’s to normalized susceptances:

e=Fatm(5) - )

Values of loaded Q for different normalized susceptances have
been calculated using Equations 2, 3, 5, 6, and 7. These are in Table

TABLE I—Comparison of Calculated Q-Values

B QL

Eq.2 Eq. 3 Eq. 5 Eq. 6 Eq. 7
2 8.44 6.93 5.79 6.56 8.16
4 28.8 24.9 22.9 26.2 27.8
6 61.8 55.7 54.5 59.0 60.4
8 108 99.8 98.1 105 106.5
10 166 156.5 154 164 165
12 240 266 226 236 237

1, assuming Ago /N2 = 2.08. It can be seen that the approximate
Equation 7 provides the closest results when compared to exact
Equation 2. Errors of less than 3.3% will be incurred for values of
B = 2.0. When B = 10.0, this error is reduced to a maximum of
0.6%. Equation 7 works well because it entails compensating er-

rors. By neglecting the factor 2B2/~/B2 - 4 in Equation 2, lower
values of Qp are obtained. By setting —tan™1(2/B) = o for all
values of B, higher values of Qy, are obtained.

Equation 7 has not been derived from any analysis of the wave-
guide cavity resonator. It is recommended because it provides rea-
sonably good accuracy and is simple to use. It should be noted that
Equations 2, 3, 5, 6, and 7 are applicable to the singly-loaded wave-
guide cavity by replacing the factor 1% by .

1. J. Reed, “Low-Q Microwave Filters,” July, 1950, Proc. of the IRE, Vol.

38, pp 793-796.

2. 8. B. Cohen, “Direct-Coupled Resonator Filters,” Feb., 1857, Proc. of the

IRE, Vol. 45, pp 187-196.

3. W. W. Mumford, “Maximally-Flat Filter in Waveguide,” Oct., 1948,

BSTJ, Vol. XXVII, No. 4, pp 684-713.

4. H. Riblet, “Synthesis of Narrow Band Direct-Coupled Filters,”” Oct.

1952, Proc. of the IRE, Vol. 40, pp 1219-1223.

5. W. L. Prichard, “Quarter-Wave Coupled Waveguide Filters,” Oct., 1947,

Journal Applied Physics, Vol. 18, pp 862-872.

6. R. M. Fano & A. W. Lawson, “Microwave Filters Using Quarter-Wave

Couplings,” Nov., 1947, Proc. of the IRE, Vol. 35, pp 1318-1323.

7. G. L. Ragan, Microwave Transmission Circuits, McGraw Hill Book Co.,
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Fig. 1—Equivalent circuit of waveguide cavity resonator.
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Cordwood packaging is largely the result of the emphasis on smaller
volume, lower weight electronic equipment. The decrease in volume,
however, is not always accompanied by a decrease in power dissipa-
tion; quite the contrary, the trend is often toward an increase in
power dissipation. The effect then is an increase in heat dissipation
and corresponding thermal problems., At the same time, the reli-
ability requirements may be increased because of the nature of the
mission. Component temperatures consequently, must be more accu-
rately predicted and controlled.

In cordwood packaging for a space (vacuum) environment, con-
duction and radiation are the only means of heat transfer. For the
component temperatures normally encountered, radiation is negli-
gible compared to conduction, so that the problem of heat transfer
in such electronic equipment becomes one of conduction analysis.

One of the many variables in the conductive heat transfer path
is the temperature drop in the component itself; by this is meant
the temperature differential from the component surface hot spot to
its lead. Very little information on this is available, The manufac-
turer usually gives only the maximum “allowable” temperature, and
often this may not be valid for the particular packaging and cooling
arrangement, The information desired is not readily amenable to
calculation and can be practically obtained only by experiment.
This Note reports the results of such experiments on resistors.

Fig. 1 shows a test set-up for measuring the hot-spot temperature
drop (hot-spot temperature minus lead temperature) in resistors
with cordwood type packaging. The resistors were mounted with
one end flush (or practically so) with the circuit board, and were
tested in a vacuum environment (107® mm-Hg or less).

This set-up was the same for all resistors tested. A thermocouple
at the upper end of the resistor measured the hot spot temperature
since the heat flow in the resistor was down toward the sink. Steady
state temperatures were read at various power dissipations.

Summarized below are the tests made on typical types of resistors
to determine the rate of temperature differential to heat dissipation
(thermal resistance). Several resistors of each type were tested to
obtain a typical range of thermal resistance (Rr) values from an
upper limit to a lower limit. In two cases, resistors of the same type
but from different manufacturers were used.

Thermal Resistance (°F/Watt),
Upper Limit Lower Limit

Resistor Type

596 403
384 241
162 150
370 280
300 190
317 250
260 250
128 106

* Tests on resistors from another manufacturer.

The results shown in Fig. 2 for a type RC20 resistor illustrate the
considerable variations in a single manufacturer’s resistors. From
a design point of view, it would be” dangerous to use any but the
upper limit of approximately 385°F/watt for this type of resistor.

Fig. 3 illustrates the thermal resistances for two type RNR57
resistors, each made by a different manufacturer. Here again a
variation is shown among the resistors made by the same manufac-
turer and between manufacturers, The upper limit is approximately
317°F /watt for one manufacturer and 260°F /watt for the second,
with the data spread much larger at the higher value. Note that
care must be taken, as a test with a single component may not be
representative of that particular type and could lead to incorrect
thermal analyses, especially where high dissipation is present. In a
similar manner, the variation in thermal resistance for the RC07
resistor was between approximately 400°F/watt and 600°F/watt
(see Fig. 4). This is obviously a considerable variation, and again

* M. Mark is a consultant and Professor of Mechanical Engineering at North-
eastern U., Boston, Mass.

the only resistance that can be safely used in a thermal analysis
is the higher value. K

Conclusions: The temperature drop per watt in a resistor with
cordwood packaging is a variable which depends on the type of
resistor and its manufacturer. Even for a given type of resistor,
and specific manufacturer, this temperature drop varies from one
resistor to the next. Consequently, tests made with a single resistor
may not be representative of its type and could lead to incorrect
conclusions from a temperature drop standpoint. The upper limit
values should be used for conservative thermal design.
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Univ. of Nebraska, 4/66

MICROELECTRONICS Comes of Age—B. Tiger
(CE) and D. L Troxel (CE) Micro-elec-
tronics Lecture Series sponsored by IEEE
Group on Parts, Mat’l and Packaging, Bos-
ton, Mass., 11/66

RELIABILITY CHARACTERISTICS of Integ d

DEMODULATORS (ANALOG FM), Threshold
Performance of—J. Frankle (CSD, NY)
RCA Review, Vol. 27, No. 4, 12/66

COMMUNICATIONS SYSTEMS

EFFECTIVENESS MODELING, System Reliability
and—B. Tiger (CE)} IEEE Group on Relia-
bility, Phila., Pa., week ending 10/23/66

PORTABLE COMMUNICATIONS System for the
Marines—G. P. Davis (CSD, Cam) Beth El
Synagogue Civic Group, Camden, N. J.,
12/11/66

SYSTEM SAFETY Measurement—S. Canale

(CE) N.E. Chapter, Aerospace System
Safety Soc. Mtg, Moorestown, N. ],
10/13/66

SYSTEM SAFETY Measurement and Control—
S. Canale (CE) Annals of Reliability and
Maintainability 5th Reliability and Main-
tainability Conf.,, Vol 5, Hotel Hilton,
N.Y.C, 7/19/66; Conf. Proceedings

COMPUTER APPLICATIONS

BOOK MANUFACTURE, The Computer and—
Dr. M, P. Barnett (Labs, Pr) Amer. Text
Book Producers Inst. 2nd Ann. One Day
College Conf., Plaza Hotel, N.Y.C,, 12/6/66

(CBMPUTER rvpssmme) Describing Ty-

to the ter—Dr. M. P. Barnet
(GS, Pr) London College of Prmtmg, Lon-
don, England; Minutes of Mig., 1/66

INFORMATION SERVICES, The Computer and
—Dr. M. P. Barnett (GS, Pr) Assoc. of
Special Libraries & Info. Bureaus, London,
England; Assoc. Minutes, 1/66

MAGNETIC DIPOI.E INTERACTION Problem,

Circuits—B. Tiger and D. I Troxel (CE,
Cam) Nat'l Electronics Packaging & Pro-
duction Conf., N.Y.C., 6/23/66; Proc.

CIRCUITS, PACKAGED

HIGH-DENSITY CIRCUITS, Packaging—R. G.
Clark (CSD) and J. W. Kaufman (CE)
Assembly Engineering, 6/66

MICROELECTRONICS Comes of Age—B. Tiger
and D. I. Troxel (CE) Microelectronics
Lecture Series sponsored by IEEE Group on
Pa;rts, Mat'l and Packaging, Boston, Mass.,
11/66

PRINTED CIRCUIT ARTWORK, Automating the
Production of—R. A. Geshner (CE) Com-
puter Design, 8/66

PRINTED CIRCUIT Boards, Efectrical Character-
istics for Multilayer—G. Messner (Photo
Circuits, Inc.) and R. A. Geshner (CE)
Multilayer Printed Circuit Boards, Tech-
nical Handbook publ. by Inst. of Printed
Circuits, 3/66

PRINTED-CIRCUIT  Boards, Multilayer — G.
Messner (Photo Circuits, Inc.) and R. A.
Geshner (CE) Multilayer Printed Circuit
Boards, Technical Handbook, Publ. by the
Inst. of Printed Circuits, 3/66

PRINTED WIRING, Artwork for Multilayer—
R. A. Geshner (CE) Multilayer Printed Cir-
cuit Boards, Tech. Handbook publ. by Inst.
of Printed Circuits, 3/66

COMMUNICATION DIGITAL

(equi & ques)

DATA TRANSMISSION for Satellite Printing—
J. S. Greenberg (GS, Pr) D}bold & Com-
pany,N. Y., 6/66

PCM CONDITIONS (BIASED), Synchronization
During—E. D. Bloedel (SvC, Cam) RCA
Review, Vol. XXVII, No. 4, 12/66

COMMUNICATIONS COMPONENTS
{equipment subsystems)

COMPLEMENTARY INTEGRATION TECHNOL-
OGY for Communication Systems—W. Y. Pan
(CSD, NY) IEEE Chapter of Lincoln,
Nebraska, 4/66

DEMODULATOR (LUNAR ORBITER}, Frequency
Modulation Feedback for the—F. Lefrak, H.
Moore, L. Qzolins, A. Newton (CSD, Cam)
RCA Review, Vol. 27, No. 4, 12/66

DEMODULATOR (PHASE-LOCKED), Use of
Phase Subtraction to Extend the Range of a—
A. Acampora, A, Newton (CSD, Cam) RCA
Review, Vol. 27, No. 4, 12/66

lation of the—R. Moskowitz,
E De]la Torre (Labs, Pr) 12th Ann. Conf.
of Magnetism & Magnetlc Mat'ls.,, Washing-
ton, D.C., 11/15-18/66

PRINTED CIRCUIT ARTWORK, Automating the
Production of—R. A. Geshner (CE) Com-
puter Design, 8/66

COMPUTER STORAGE

CRYOELECTRIC MEMORY Systems, Three-Wire
—A, R. Sass, E. M. Nagle, Burns
(Labs, Pr) Proc. of the IEEE Inlermag
Conf., 4/20-22/66, Vol. MAG-2 No. 3, pp.
389-402

SONIC FILM MEMORY—H. Weinstein, L.
Onyshkevych, K. Karstad, R. Shahbender
(Labs, Pr) Proc—Fall Joint Computer
Conf., 1966, pp. 333-347

CONTROL SYSTEMS
{& automation)

HIGHWAY VEHICLES, A System of Electron
Control of—L. Flory (AED, Pr) Symp. in
Transportation, Pittshurgh, Pa., 12/12/66

PRESSURE-TIME MEASUREMENTS, A New Type
of Pneumatic Triangular-Wave Oscillator for—
S. Goldstein (ASD, Burl) Amer. Soc. of
Mechanical Engrs. Mtg., N.Y.C., 11/29/66

DISPLAYS

FERROELECTRIC ELECTROLUMINESCENT DIS-
PLAYS—B. J. Lechner (Labs, Pr} Proc. of
the 11th Tech, Mtg. of the AGARD Avionics
Panel on Displays for Command and Con-
trol, Munich, Germany, 11/10/66

DOCUMENTATION
(& information science)

INFORMATION SERVICES, The Computer and
—Dr. M. P. Barnett (GS, Pr) Assoc. of
Special Libraries & Info. Bureaus, London,
Eng.; Assoc. Minutes, 1/66

ELECTROMAGNETIC WAVES
(theory & phenomena)

DIELECTRIC RESONANCE and Deouble-Probes
Compared—F, H. C. Smith & T. W. Johnston
{RCA Ltd, Mont) J. Applied Physics, Com-
munication 37, No. 13, 12/66

MAGNETO-IONIC MEDIA, On the Justification
of the Conventional Method for Radiation in
—H. Staras (Labs, Pr) 1966 Fall URSI
Mtgs., Palo Alto, Calif., 12/6/66

ELECTRO-OPTICS
(systems & techniques}

HOLOGRAM—Properties and Applications—
E. G. Ramberg (Labs, Pr) RCA Review,
Vol. 27, No. 4, 12/66

ENERGY CONVERSION
(& power sources)

THERMIONIC CONVERTER (inert-Gas), Stud-
ies of a Dark Discharge in an—J. A. Nilson
(RCA Ltd, Mont) Univ. of Montreal, Dept.
of Physics, Montreal, 11/30/66

ENVIRONMENTAL ENGINEERING

ATMOSPHERIC SCIENCES LABORATORY Pro-
posed Under Apollo Application Program-—
E. DeHaas, S. Miluschewa (AED, Pr) Amer.
Inst. of Aeronautics & Astronautics 5th
Aerospace Sci. Mtg,, N.Y.C,, 1/23/67

ENVIRONMENTAL TEST TECHNIQUES for
Spacecraft, Unique—D. Sussman (AED, Pr)
Inst. of Environmental Sci.—Mid-Atlantic
Chapter, Phila., Pa., 1/24/67

PACKAGING DESIGN of High-Density Low-
Weight Equipment for Severe Space Environ-
ments—]J. I. Herzlinger, M. J. Kurina, A. W.
Sinkinson (ASD, Burl) IEEE G-PMP, Bos-
ton, Mass., 1/24/67

SATELLITE SIMULATION Studies—F. J. F. Os-
borne (RCA Ltd, Mont) Univ. of Montreal,
Dept. of Physics, Montreal, 11/23/66

THERMAL DESIGN of the 1515-A Spacecraft—
G. G. Gray, L. S. Jurewich (RCA Lid,
Mont) Canadian Aeronautics and Space J.,
Vol. 12-10, 12/66

GEOPHYSICS

LABORATORY SIMULATION of Geophysical
Phenomena—M. P. Bachynski, F. J. F. Os-
borne, (RCA Lid, Mont) CAP/APS/SMF
Mtg. in Mexico City, 8/29-31/66

LABORATORY SIMULATION of the Solar-
Wind, M Interacti F. F.
Qshorne, M, P, Bachynski, J. V. Gore (RCA
Ltd, Mont) NEREM Conf., Boston, Mass.,
11/2—4-/66; Conf. Proc.

GRAPHIC ARTS

BOOK MANUFACTURE, The Computer and—
Dr. M. P. Barnett (Labs, Pr}) Amer. Text
Book Producers Inst, 2nd Ann. One Day
College Conf., Plaza Hotel, N.Y.C., 12/6/66

{COMPUTER TYPESETTING): Describing Ty-
pography to the Computer—Dr. M. P, Barnett
(GS, Pr) London College of Printing, Lon-
don, Eng., Minutes of Mtg., 1/66

DATA TRANSMISSION for Satellite Printing—
J. S. Greenberg (GS, Pr)} Diebold & Co.,
N.Y,6/66

PRINTING COSTS, Studies of—J. S. Greenberg
(GS, Pr) Proc. of the Amer. Univ., Wash-
ington, D.C.,, also in Publishers’ Weekly

(PRINTING) : Marconi's Impact on Gutenberg
—XK. H. Fischbeck (Labs, Pr) The Gravure
Tech. Assoc., Chicago, Ili., 11/10/66

LABORATORY EQUIPMENT
{& techniques)

CHARACTERIZATION OF MATERIALS, Final Re-
port of the MAB Ad Hoc Committee on—H. W.
Leverenz (Labs, Pr) Int’l Conf. on the
Characteristics of Mat’ls., Penn State Univ.,
Univ. Park, Pa., 11/16/66

ELECTRON-MICROSCOPE IMAGES (TV-Dis-
played), On the Possible Use of Data Correla.
tion Techniques for Extracting Phase-Contrast
information from—Dr. J. W. Coleman (BCD,
Cam) Armed Forces Inst. of Pathology at
Walter Reed Hosp., 12/1/66

GEOPHYSICAL PHENOMENA, Laboratory Sim-
vlation of—M. Bachynskl, F. J. ¥. Os-
borne (RCA Ltd Mont) CAP/APS/SMF
Mtg. in Mexico Cxty, 8/29-31/66

SOLAR-WIND, MAGNETOSPHERE INTERAC-
TION, Laboratery Simulation of the—F. J. F.
Osborne, M. P. Bachynski, J. V. Gore (RCA
Ltd., Mont) NEREM Conf., Boston, Mass.,
11/2-4/66; Conf. Proc.
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LASERS

CRYSTALLINE SOLID LASERS—Z. J. Kiss, R. J.
Pressley (Labs, Pr) Proc. IEEE, Vol. 54,
No. 10, 10/66, pp. 1474-1486

HOLOGRAM-—Properties and Applications—
E. G. Ramberg (Labs, Pr) RCA Review,
Vol. 27, No. 4, 12/66

JONIZED-GAS LASER (Large-Bore), Effects of
Magnetic Field on Pulse and CW Operation of
the—S. Ahmed, F. Faith, G. Hoffman (AED,
Pr) APS,N.Y.,1/30/67

PLASMA DIAGNOSTICS by Large-Angle Laser
Scattering in the Presence of a Magnetic Field
—1, P. Shkarofsky (RCA Ltd., Mont)
Wright-Patterson AFB, Plasma Physics Res.
Lab., 1/66

MANAGEMENT

AUTOMATED MANAGEMENT Systems—J. J.
McGinnis (CSD, Cam) WFLN Radio,
Phila., Pa., 12/11/66

CANADIAN INDUSTRY in Spate Research, The
Role of—F. J. F. Osborne (RCA Lid., Mont)
Talk given to Undergraduates of Univ. of
Toronto Mathematics and Physics Soc.,
10/28/66

REVIEW OF: ‘““Cost Estimating and Contract
pricing” by T. F. McNeill & D. S. Clark
(Amer. Elsivier Publ. Co,, N. Y., 1966) —
W. A. Parkinson (CSD, Cam) Stendards
Engineering, 12/66

TECHNICAL MANAGEMENT, Strategy and Tac-
tics of—H. M. Gurin (AED, Pr) Naval Re-
search Reserve Co. 4-1, Princeton, N. J.,
12/14/66

MATHEMATICS

N-SPACE PARTITIONS by Hyperplanes—R. O.
Winder (Labs, Pr) I. of the SIAM, Vol. 14,
No. 4,7/66

MECHANICAL DEVICES

PRESSURE-TIME MEASUREMENTS, A New Type
of Pneumatic Triangular-Wave Oscillator for—
S. Goldstein (ASD, Burl) Amer. Soc. of
Mechanical Engrs. Mtg., N.Y.C., 11/29/66

OPTICS

HOLOGRAM—Properties and Applications—
E. G. Ramberg (Labs, Pr) RCA Review,
Vol. 27, No. 4, 12/66

PARTICLE BEAMS

DARK DISCHARGE In An Inert-Gas Thermionic
Converter, Studies of—J. A. Nilson (RCA
Lid, Mont) Univ. of Montreal, Dept. of
Physics, Montreal, 11/30/66

PLASMA PHYSICS

ALKALI PLASMAS, Universal Instability in—
H. Hendel (AED, Pr) Conf. on Quiescent
Plasmas, Frascati, Italy, 1/15/67

DIELECTRIC RESONANCE and Double-Probes
Compared—F. H. C. Smith and T. W. Johns-
ton (RCA Ltd., Montreal) J. of Applied
Physics, Communication 37, No, 13, 12/66

LABORATORY SIMULATION of Geophysical
Phenomena—M. P. Bachynski, F. J. F. Os-
borne (RCA Ltd., Montreal) CAP/APS/
SMF Mtg., Mexico City, 8/29-31/66

LABORATORY SIMULATION of the Solar-Wind,
Magnetosphere Interaction—F. J. F. Osborne,
M. P. Bachynski, J. V. Gore (RCA Ltd,
Montreal) NEREM Conf., Boston, Mass.,
11/2-4/66; Conf. Record

PLASMA DIAGNOSTICS by Large-Angle Laser
Scattering in the Presence of a Magnetic Field
—_1. P. Shkarofsky (RCA Ltd., Montreal)
Wright-Patterson AFB, Plasma Physics Res.
Lab., 1/66

PROPERTIES, ATOMIC

ACOUSTIC ATTENUATION of a Single-Domain
Lithium Niobate Crystal at Microwave Fre-
quencies—C. P. Wen, R. F. Mayo (Labs, Pr)
App. Phys. Letters, Vol. 9, No. 4, 10/15/66
pp. 135-136

COHERENT MICROWAVE EMISSION from In-
dium-Antimonide Structures—G. A. Swartz,
B. B. Robinson (Labs, Pr) App. Phys, Let-
ters, Vol. 9, No. 6, 9/15/66 pp. 232-235

DIELECTRIC RESONANCE and Double-Probes
Compared—F. H. C. Smith & T. W. Johnston
(RCA Ltd., Mont) J. of App. Physics, Com-
munication 37, No. 13, 12/66

ELECTRON PARAMAGNETIC RESONANCE and
Electrical Properties of the Dominant Para-
magnetic Defect in Electron-irradiated p-Type
Siticon—N. Almeleh, B. Goldstein (Labs,
Pr) Physical Review Vol. 149, No. 2,
9/16/66, pp. 687-692

HOT ELECTRONS—Part Il, The Acoustoelectric
Effects and the Energy Losses by—A. Rose
(Labs, Pr) RCA Review, Vol. 27, No. 4,
12/66

ORGANIC SEMICONDUCTION in Copper
Phthalocyanine—S. E. Harrison (Labs, Pr)
Colloquium, Phys. Dept., Univ. of Delaware,
Newark, Delaware, 11/9/66

SEMICONDUCTING & OPTICAL PROPERTIES of
Ferromagnetic CdCr,S, and CdCrSe,—H. W.
Lehmann (Labs, Pr) 12th Ann. Conf. on
Magnetism & Magnetic Mat’ls.,, Washington,
D.C,, 11/15-18/66

PROPERTIES, MOLECULAR
(& crystalography)

ACOUSTIC ATTENUATION of o Single-Domain
Lithium Niobate Crystal at Microwave Fre-
quencies—C. P, Wen, R. F. Mayo (Labs, Pr)
App. Phys. Letters, Vol. 9 No. 4, 10/15/66
pp. 135-136

BORATE ISOSTRUCTURAL (Fe;BO4) with the
Mineral Norbergite—Jj. G. White, A. Miller,
R. E. Nielson (Labs, Pr) Acta Crystallo-
graphica; 9/65, Vol. 19

ELECTRO-OPTIC EFFECTS in Crystalline Solids
—A. Miller (Labs, Pr) Sem., Univ. of Calif.,
Riverside, 11/17/66; Sem.-Calif. Inst. of
Tech., 11/18/66

SELENIUM-TELLURIUM SYSTEM—H. P. D.
Lanyon, E. F. Hockings (Labs, Pr) Physical
Status Solidi, Vol. 17, No. 2; 16/1/66

VALENCE of A-Site Copper and B-Site Manga-
nese in the Spinel CuMnGaO,—E. Lopatin,
P. XK. Baltzer (Labs, Pr) Physics Letters,
Vol. 22, No. 4, 9/1/66, pp. 380-382

PROPERTIES, SURFACE
(& thin films)

CRITICAL MAGNETIC FIELD of Thin Superposed
Films—R. Klein, G. Fischer (Labs, Pr)
Physical Review, Vol. 150, No. 1 10/7/66

ELECTRONIC INTERACTIONS Between Silicon
and Silicon Dioxide—A. G. Revesz (Labs,
Pr) Proc. of the Int’l Symp. on Basic Prob-
lems in Thin-Film Physics

MATERIALS CRITERIA for Thin-Film Microelec-
tronics Research— W, Y. Pan (CSD, NY)
Univ. of Nebraska, 4/66

METAL FILMS, Enhancement of Superconduc-
tivity in—B. Abeles, R. W. Cohen, G. W.
Cullen (Labs, Pr). Physical Review Letters
Vol. 17, No. 12, 9/19/66, pp. 632634

SUPERCONDUCTIVE . VORTICES STRUCTURE
Near a Metal-Air Interface—], Pearl (Labs.
Pr) J. of App. Phys., Vol. 37, No. 11, 10/66,
pp. 4139

PROPERTIES, ELECTRICAL

ELECTRON PARAMAGNEp,C RESONANCE and
Electrical Properties of the Dominant Paramag-
netic Defect in Electron-lrradiated p-Type Sili-
con—N. Almeleh, B. Goldstein (Labs, Pr)
Physical Review, Vol. 149, No. 2, 9/16/66,
pp. 687-692

MOS STRUCTURES, A Contamination-induced
Oxide Charge in—R, Sunshine (Labs, Pr)
Phys. of Failure in Electronics Symp., Co-
lumbus, Ohio, 11/14-17/66

PARAMETRIC ACTION in Back-Biased P-N
Junctions Cairying Injected Current, Analysis
of—F. Sterzer (ECD, Pr) RCA Review,
Vol. 27, No. 4, 12/66

SILICON FILMS Grown Epitaxially on Sapphire,
Electrical Properties of—D. J. Dumin (Labs,
Pr) Stanford Mtg. of the Amer. Physical
Soc., Stanford, Calif., 12/28-30/66

TRANSIENT SPACE-CHARGE-LIMITED CUR-
RENTS, Oscillatory Modes Associated with—
R. Schilling (Labs, Pr) Amer. Physical So-
ciety, Stanford, Calif., 12/28-30/66

PROPERTIES, MAGNETIC

CRITICAL MAGNETIC FIELD of Thin Superposed
Films—R. Klein, G. Fischer (Labs, Pr)
Physical Review, Vol. 150, No. 1, 10/7/66

CRYOELECTRIC BRIDGE CELL, Characteristics of
the Three-Wire—W. C. Stewart, L. S. Cosen-
tino (Labs, Pr) 12th Ann, Conf. on Magne-
tism & Magnetic Matls, Washington, D.C,,
11/15-18/66

DOMAIN WALL PROPAGATION in Polycrystal-
tine Ferrites—K. Li, R. Shahbender (Labs,
Pr) 12th Ann, Conf. on Magnetism & Mag-
netic Matls., Washington, D.C,, 11/15-18/66

FERROMAGNETIC RESONANCE of Single Crys-
tals of CdCr;S; and CdCrsSes—S. Berger, H.
Pinch (Labs, Pr} 12th Ann. Conf. on Mag-
netism & Magnetic Matls.,, Washington,
D.C,, 11/15-18/66

MAGNETIC DIPOLE INTERACTION Problem,
Computer Simulation of the—R. Moskowitz,
E. Della Torre (Labs, Pr) 12th Ann. Conf.
on Magnetism & Magnetic Matls., Washing-
ton, D.C,, 11/15-18/66

MAGNETIC PROPERTIES of the Systems HgCrS,-
€dCr,S, and ZnCr,Se~CdCr Se—P. K. Baltzer,
M. Robbins (Labs, Pr) 12th Ann. Conf. on
Magnetism & Magnetic Matls., Washington,
D.C, 11/15-18/66

SUPERCONDUCTING CONTACTS in High Mag-
netic Fields—]. I. Pankove (Labs, Pr) Phys-
ics Letters, Vol. 22, No. 5, 9/15/66

PROPERTIES, OPTICAL

ELECTRO-OPTIC EFFECTS in Crystalline Solids
—A. Miller (Labs, Pr) Sem., Univ. of Calif.,
Riverside, 11/17/66; Sem.-Calif. Inst. of
Tech., 11/18/66

SEMICONDUCTING & OPTICAL PROPERTIES of
Ferromagnetic CdCr,$4 and CdCrySe;— H. W.
Lehmann (Labs, Pr) 12th Ann. Conf. on
Magnetism & Magnetic Matls. Washington,
D.C., 11/15-18/66

RADAR

CASSEGRAIN ANTENNA ILLUMINATION, A
Technique for Freq y~Independent—C. E.
Profera, L. H. Yorinks (MSR, Mrstn) 1966
Aerospace & Electronics Sys. Conv. 10/66,
Washington, D.C.; Supplement to IEEE
Trans. on Aerospace & Electronics Systems

CASSEGRAINIAN ANTENNA, LEM Rendezvous
Radar—]. B. Grabowski, W. E. Powell
(MSR, Mrstn) 1966 IEEE Int’] Antenna &
Propagation Symp., Palo Alto, Calif. 12/5-
7/66; IEEE Int’l Antenna and Propagation
Symp.

{SATELLITE RADAR) : A Systems Look at Satel-
litfe-Borne High-Resolution Radar—]J. S. Green-
berg (GS, Pr) for publication in IEEE

Trans. on Aerospace & Electronics System

SEARCH RADAR Antenna, An Improved LP-CP
—Q. M. Woodward, (MSR, Mrstn) and
R. W. Klopfenstein (Labs, Pry 1966 IEEE
Int’l Symp. on Antennas & Propagation at
Palo Alto, Calif., 12/5-7/66; Conf. Proc.

RADIATION EFFECTS

MI5 DEVICES DEGRADATION Under Electron
Bombardment—K. Zaininger (Labs, Pr) 5th
Ann. Symp. on Phys. of Fajlure in Elec-
tronics, Columbus, Ohio, 11/66

RECORDING
{techniques & materials)

DIELECTRIC TAPE CAMERA—], D’Arcy (AED,
Pr) U. S. Naval Air Station, Willow Grove,
Pa., 1/24/67

RELIABILITY
{& quality control)

EFFECTIVENESS MODELING, System Reliability
and—B. Tiger (CE) IEEE Group on Relia-
bility, Phila., Pa., week ending 10/23/66

FAILURE REPORTING on Satellite Programs—
G. S. Gordon (AED, Pr) 1967 Ann. Symp.
on Reliability, Wash., D.C., 1/10/67

INTEGRATED CIRCUITS, Reliability Character-
istics of—B. Tiger (CE) & D, I. Troxel (CE)
Nat'l Electronics Packaging & Production
Coni., N.Y.C, 6/23/66; Conf. Proc.

MIL-HDBK-217A, Specific Revisions of—P. L.
Neyhart (CE) IEEE Group on Reliability,
Phila., Pa., 3/17/66. Also: IEEE Group on
Reliability, week ending 10/23/66

Reiationship of MEL and Related Calibration
Facilities to Quality Operations—H, S. In-
graham (CE) Quality Assurance Manage-
ment Course, Atlantic City, N. ]., week
ending 9/30/66

RELIABILITY PREDICTION, State-of-the-Art of
—B. Tiger (CE) & J. DesCoutinho (Grum-
man Aircraft) AIAA Reliability & Main.
tainability Conf., N.Y.C., week ending
7/22/66

RELIABILITY PROGRAM, Management & Or-
gonization of Space-Age—J. Kimmel (AED,
Pr) 1967 Ann. Symp. on Reliability, Wash-
ington, D.C., 1/10/67

SYSTEM SAFETY Measurement—S. Canale
(CE) N.E. Chapter, Aerospace System
Safety Soc. Mtg., Mrstn., N. J., 10/13/66

SYSTEM SAFETY Measurement and Control—
S. Canale (CE) Annals of Reliability &
Maintainability 5th Reliability & Maintain-
ability Conf., Vol. 5, Hotel Hilton, N.Y.C,,
7/19/66; Conf. Proc.

SOLID-STATE DEVICES

CAPACITORS, Thin Film Hafnium and Hafnium
Oxide—W. Y. Pan (CSD, NY) Electronics
Components Symp., Washington, D.C., 5/66

MIS DEVICES DERGADATION Under Electron
Bombardment—XK. Zaininger (Labs, Pr) 5th
Ann. Symp. on Phys. of Failure in Elec-
tronics, Columbus, Ohio, 11/66

MOS STRUCTURES, A Contamination-Induced
Oxide Charge in—R. Sunshine (Labs, Pr)
Phys. of Failure in Electronics Symp., Co-
lumbus, Ohio, 11/14-17/66

PARAMETRIC ACTION in Back-Biased P-N
Junctions Carrying Injected Current, Analysis
of—F. Sterzer (ECD, Pr) RCA Review,
Vol. 27, No. 4, 12/66

SOLID-STATE INDUCTIVE ELEMENT Using Mag-
neto-Resistance—M. Toda (Labs, Pr) Proc.
of the IEEE, Vol. 54, No. 10, 10/66, pp.
1456-1457

SPACE ENVIRONMENT

ATMOSPHERIC SCIENCES LABORATORY Pro-
posed Under Apollo Application Program—
E. DeHaas, S. Miluschewa (AED, Pr) Amer.
Inst. of Aeronautics & Astronautics 5th
Aerospace Sci. Mtg., N.Y.C,, 1/23/67

METEOROID ENVIRONMENTS in the Solar Sys-
tem, Correlation of—V. P. Head (AED, Pr)
AIAA 5th Aerospace Sci. Mig., N.Y.C,
1/23/67

SPACECRAFT
(& space missions)

FAILURE REPORTING on Satellite Programs—
G. S. Gordon (AED, Pr) 1967 Ann, Symp.
on Reliability, Washington, D.C., 1/10/67

RELIABILITY PROGRAM, Management & Or-
ganization of Space-Age—]. Kimmel (AED,
Pr) 1967 Ann. Symp. on Reliability, Wash-
ington, D.C., 1/10/67

SATELLITE SIMULATION Studies—F. J. F. Os-
borne (RCA Ltd., Mont) Univ. of Montreal,
Dept. of Physics, Montreal, 11/23/66

THERMAL DESIGN of the I51S-A Spacecraft—
G. G. Gray, L. S. Jurewich (RCA Lid.,
Mont) Canadian Aeronautics and Space
Journal, Vol. 12, No. 10, 12/66

TIROS OPERATIONAL SYSTEM—A. Schnapf
(AED, Pr) Radio Station WFLN, Phila.
Pa., 12/3/66

SPACECRAFT iNSTRUMENTATION

CASSEGRAINIAN ANTENNA, LEM Rendezvous
Radar—J. B. Grabowski, W. E. Powell
(MSR, Mrstn) 1966 IEEE Int’l Antenna &
Propagation Symp., Palo Alto, Calif. 12/5-
7/66; IEEE Int'l Antenna and Propagation
Symp.

DEMODULATOR (LUNAR ORBITER}, Frequency
Modulation Feedback for the—F. Lefrak, H.
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—R. H. Brunton, III (ASD, Burl) U.S, Pat.
3,287,665, November 22, 1966 (assigned to
U.S. Gov't)

RCA RECORD DIVISION

Sound Signal Correction System—D. L.
Richter (RecDiv, NY) U.S. Pat. 3,293,364,
December 20, 1966

APPLIED RESEARCH

Photocomposing  System—H. Hayn
(AppRes, Cam) U.S, Pat. 3,273476 Sep
tember 20, 1966

Optical-Photoconductive Reproducer Utilizing
Insulative Liquids—P. E. Wright (AppRes,
ﬁ:aég) U.S. Pat. 3,274,565, September 20,
9

Storage Circuit—E. P. McGrogan, Jr.
(AppRes, Cam) U.S. Pat. 3,274,566, Sep-
tember 20, 1966

Information Processing Apparatus—T. B.
Martin (AppRes, Cam) U.S, Pat. 3,293,609,
December 20, 1966

ASTRO ELECTRONICS DIVISION

Light Coupling Device—S. Gray (AED, Pr)
U.S. Pat. 3,284,722, November3 1966

Ap tus for G Accol
Chargsd Particles—H. W. Hendel T. T.
Reboul, III (AED, Pr) U.S. Pat. 3279,175,
October 18, 1966

Sealed Rotary Drive Apparatus—W. C. Woel-
imer (AED, Hgtstn) U.S. Pat. 3,293,926,
December 27, 1966

Design Patent—Portable Phonograph or Sim-
ilar Article—D. Chapman and M. Polhemus
(Special Contr., Inventors) U.S, Pat. 206,461,
December 13, 1966

DEFENSE MICROELECTRONICS

Circuit for Detecting Amplitude Threshold with
Means to Keep Threshold Constant—L. P.
Wennik (DME, Som) U.S, Pat. 3,290,520,
December 6, 1966

RCA VICTOR HOME INSTRUMENTS

Single Tube Vertical Deflection Circuit for a
Television Receiver—R. N. Rhodes, J. B.
Beck (HI, Indpls) U.S. Pat. 3,287,596, No-
vember 22, 1966

Conjointly-movable, Plural Magnet Means for
Blue Latera! Correction in Color Kinescopes—
E. Lemke, P. G. McCabe (HY, Indpls) U.S.
Pat. 3,290,532, December 6, 1966

Conjointly - ble Cam-actuated Support
Mecns for Magnets in Color Kinescopes—

J. M. Ammerman (HI, Indpls) U.S. Pat.
3,290,533, December 6, 1966

Eccentrically Mounted Beam Position Adjusting
Device—J. K. Kratz (HI, Indpls) U.S. Pat.
3,290,534, December 6, 1966

Transistor Blocking Oscillator—T. W, Burrus
(H1, Indpls) U.S. Pat. 3,290,612, December,
6, 1966

Video Gate with Pedestal C ilati W. R.
Koch (MSR, Mrstn) U.S. Pat. 3,274,499,
September 20, 1966 (assigned to U.S. Gov't)

Method of Coating a Metal Surface with a
fFerrite Composition—A. N. Schmitz (MSR,
Mrstn) U.S. Pat. 3,284,236, November 8,
1966 (assigned to U.S, Gov't)

Polarimeter—E. S. Lewis, D. C. Venters, R.
M. Smith (MSR, Mrstn) U.S. Pat. 3,268,-
894, August 23, 1966 (assigned to U.S.
Gov't)

COMMUNICATIONS SYSTEMS
DIVISION
Analog to Digital Converter—E. J. Nossen

(CSD, Cam) U.S. Pat. 3,298,019, January
10, 1967

Materials for Preparing Etch Resists—L. J.
Sciambi (CSD, Cam) U.S. Pat. 3,291,738,
December 13, 1966

Parallel Amplifier Circuit Having Load Equali-
zation Means—B. J. Jones (CSD, Cam-
?ridge) U.S. Pat. 3,292,094, December 13,
966

RCA SERVICE COMPANY

Automatic Angle Tracking A

Semiconductor Signal T lating Cir
E. Theriault (HI, Pr) U.S. Pat. 3290613
December 6, 1966

Varioble Saturable Reactor—M. W. Garlotte
(HI, Indpls) U.S, Pat, 3,283,279, November,
1, 1966

Insulated Gate Field Effect Tramsistor Oscil-
lator Circuits—L. A, Harwood (HI, Pr) U.S.
Pat. 3,281,699, October 25, 1966

Portable Phonogravh or Similar Article—B. A.
Grae, R. S. Cox (RCA Sales Corp., Indpls)
U.S. Pat. 205,795 (Design Patent), Sep-
tember 20, 1966

Pulse Forming Circuit for Horizontal Deflection
Output Transistor—H. C. Goodrich (H.IL,
Indpls) U.S. Pat. 3,302,033, January 31,
1967

Magnet Means for Correction of Blue Beam
Lateral Deflection for Color Television Receiver
Tubes—E. Lemke (HI, Indpls) U.S. Pat.
3,302,049, January 31, 1967

Adiustable Defl

Yoke M i for
Color Picture Cathode Ray Tubes—M. J.
Obert, J. M. Ammerman (HI, Indpls) U.S.
Pat. 3,302,050, January 31, 1967

Tape Ti t Threadi h Hevmg

Movable Fressure Roller—~T C. Weathers, H
Jensen (HI, Indpls) U.S. Pat. 3,298,583,
January 17, 1967

+

PF 0. L.
Morris and A. F. Penfield (SvcCo, Fla)
U.S, Pat. 3,281,838, October 25, 1966 (as-
signed to U.S. Gov’t)

Stereop FM Receivers Having Automatic
Switching Means for Stereo Reception—J. F.
Merritt (HI, Pr) U.S. Pat. 3,294,912, De-
cember 27, 1966




Meetings

MARCH 20-22, 1967: Physical Process in
the Lower Atmosphere, U. of Michigan
American Meteorological Soc. Prog.
Info.: A. X. Wiin-Nielsen, Meteorology
and Oceanography Dept., U. of Michi-
gan, 2038 East Engineering Bldg., Ann
Arbor, Mich.

MARCH 20-23, 1967: 1EEE International
Convention & Exhibition, All Groups &
TAB Comms., Coliseum & N.Y. Hilton
Hotel, N.Y., N.Y. Prog. Info.: IEEE
Hdgs., 345 E. 47th St., N.Y., N.Y. 10017,

MARCH 28-30, 1967: &th Photovoltaic
Specialists Conference, G-ED, Sheraton
Cape Colony Inn, Cocoa Beach, Flor-
ida. Prog. Info.: W. R. Cherry, NASA,
Goddard Space Flight Center, Green-
belt, Md.

APRIL 5.7, 1967: Int'l Magnetics Con-
ference (INTERMAG) G-Mag, Shore-
ham Hotel, Wash., D.C. Prog. Info.:
R. F. Elfant, IBM, Yorktown Heights,
N.Y.

APRIL 10-14, 1967: Conference on P.A.L.
Colour Television Systems, |EEE, U. K.
& Eire Section, Univ. of Nottingham,
Nottingham, Eng. Prog. Info.: IEEE
Hdqtrs., 345 E. 47th St., N.Y., N.Y.
10017.

APRIL 11-13, 1967: Cleveland Electron-
ics Conference, Cleveland Section, et
al., Cleveland Engrg. Center, Cleve-
land, Ohio. Prog. Info.: Mike Lapine,
Cleveland Elec. Conf. Inc., 616 Hanna
Bldg., Cleveland, Ohio.

APRIL 17-19, 1967: Region 3 Meeting,
Region 3, Heidelberg Hotel, Jackson,
Miss. Prog. Info.: J. E. May, 1120 Au-
burn Dr., Jackson, Miss.

APRIL [7-19, 1967: Thermal Balance of
Spacecraft, American Inst, of Aeronau-
tics and Asfronautics, Nat'l Bureau of
Standards, Air Force. Prog. Info.: Y. S.
Rouloukian, Thermophysical Properties
Research Center, Purdue U., 2595
Yeager Rd., Lafayette, Ind.

APRIL 18-19, [1967: Electronics & Instru-
mentation Conf., & Exhibition, |EEE
Cincinnati Sec., ISA, Carousel Inn,
Cincinnati Gardens, Cincinnati, Ohio.
Prog. Info.: |EEE Headquarters, 345 E.
47th St., N.Y., N.Y. 10017,

APRIL 18-20, 1967: Spring Joint Compu-
ter Conference, IEEE-AFIPS, Chalfonte-
Haddon Hall, Atlantic City, N.J. Prog.
Info.: M. P. Chinitz, 326 Township Line
Rd., Norristown, Pa. 19403.

APRIL 19-20, 1967: Electronics & Instru-
mentation Conference & Exhibition,
Cincinnati Section, ISA, Carousel Inn,
Cincinnati Gardens, Cincinnati, Ohio.
Prog. Info.: R. H. Englemann, Univ. of
Cincinnati, Cincinnati, Ohio.

APRIL 19-21, 1967: Southwestern IEEE
Conf. & Exhibition (SWIEEECO), Re-
gion 5, Dallas Memorial Auditorium,
Dallas, Texas. Prog. Info.: A. A.
Dougal, Univ. of Texas, Engrg.-Science
Bldg., Austin, Texas 78712.

APRIL 19-22, 1967: Semiconductor De-
vice Research Conf., |EEE Region 8 et
al.,, Bad Nauheim, Germany. Prog.
info.: Prof. W. J. Kleen, 8 Munchen 8
(F.R. Germany) Blanastr, 73.

APRIL 24-MAY 5, 1967: Conference on
Integrated Circuits, Region 8, U. K. &
Eire Section, et al., London, England.
Prog. Info.: |EEE Headquarters, 345 E.
47th St., N.Y., N.Y. 10017.

MAY -2, 1967: 4th Annual Rocky Moun-
tain Bioengineering Symp., Denver sec-
tion, Univ. of Colorado Medical
School, Denver, Colo. Prog. Info.: [EEE
Headquarters, 345 E. 47th St., New
York, N.Y. 10017,

ing them to the meeting committee.

PROFESSIONAL MEETINGS
DATES and DEADLINES

Be sure deadlines are met—consult your Technical Publications Admin-
istrator or your Editorial Representative for the lead time necessary to
obtain RCA approvals {(and government approvals, if applicable). Re-
member, abstracts and manuscripts must be so approved BEFORE send-

MAY 2-3, 1967: Insulation Coordination
Forum, G-P, Little Rock Section, Marion
Hotel, LitHe Rock, Arkansas. Prog.
Info.: J. O. Noel, llinois Power Co.,
500 South 27th St., Decatur, lllinois.

MAY 2-4, 1947: Conference on Inte-
grated Circuits, U. K. & Eire Section, et
al., Eastbourne, Eng. Prog. Info.: |EEE
Headquarters, 345 E. 47th St., New
York, N.Y. [0017.

MAY 3.5, 1967: Joint Parts, Materials
& Packaging Conf. (formerly the Elec-
tronic Components Conf.), IEEE
G-PMP, EIA, Marriott Motor Hoftel,
Washington, D.C. Prog. Info.: C. K.
Morehouse, Globe Union Inc., Box 591,
Milwaukee, Wisc, 53201,

MAY 3-5, 1967: 8th Conference on Hu-
man Factors in Electronics, G-HFE,
Cabana Motor Hotel, Palo Alto, Calif.
Prog. Info.: J. C. Bliss, Stanford Univ.,
Stanford, Calif, 94305.

MAY 3-6, [967: Rare Earths, Oak Ridge
Nat'l Lab, Air Ford Office of Scien-
tific Research. Prog. Info.: W, C. Koeh-
ler, ORNL, Oak Ridge, Tenn.

MAY 8-10, 1967: G-MTT Int'l Microwave
Symposium, G-MTT, Hilton Hotel &
New England Life Hall, Boston, Mass.
Prog. Info.: T. Saad, Sage Labs., 3
Huron Drive, Natick, Mass.

MAY 9-11, 1967: Packaging Industry
Technical Conference, G-IGA, Holiday
Inn, New York, N.Y. Prog. Info.: |EEE
Headquarters, 345 E, 47th St., New
York, N.Y. 10017,

MAY 9-11, 1967: Region & Conference,
Region 6, Western Skies & Holiday Inn,
Albuquerque, N.M. Prog. Info.: O. M.
Stuetzer, Sandia Corp., Albuquerque,
N.M.

MAY 9-11, [967: 9th Annual Symposium
on Electron, lon and Laser Beam Tech-
nology, G-ED, Univ. of Calif., Berkeley,
Calif. Preg. Info.: |EEE Headquarters,
345 E. 47th St., New York, N.Y. 10017,

MAY 15-17, 1967: IEEE Aerospace Elec.
Conv. (NAECON), G-AES, Dayton
Section, Dayten, Ohio. Prog. Info.: IEEE
Dayton Office, 124 E, Monument Ave,,
Dayton, Ohio 45402.

P
-

MAY 15-17, 1967: Power Industry Com-
puter Application Conf. (PICA), G-P,
Pittsburgh Hilton, Pitisburgh, Pa. Prog.
Info.: L. W. Coombe, Detroit Edison
Co., 2000 Second Ave., Detroit, Mich.
48226.

MAY 16-18, 1967: Nat'l Telemetering
Conf., |EEE, AIAA, ISA, San Francisco,
Hilfon Hotel, San Francisco, Calif.
Prog. Info.: M. A. Lowy, Gen'l Elec.
Co., P.O. Box 8048, Phila., Pa.

MAY 18-19, 1967: 10th Midwest Sym-
posium on Circuit Theory, G-CT & Pur-
due University, Purdue University, La-
fayette, Indiana. Prog. Info.: B, J. Leon,
Purdue Univ., Lafayette, Indiana 47907.

MAY 22-24, 1967: Frequency Generation
& Control for Radio Systems, [EE, U. K.
Eire Section, Savoy Place, London,
England. Preg. Info.: R, &, Cox, [EE,
Savoy Place, London, W.C. 2, England.

MAY 22-25, 1967: Industrial & Commer-
cial Power Systems Tech. Conference,
G-IGA, Cleveland Section, Statler Hil-
ton Hotel, Cleveland, Ohio. Prog.
Info,: A. B. Gipe, Albert B. Gipe
Assoc., 1226 N. Charles St., Baltimore,
Md.

MAY 23-26, 1967: Joint Canada-USA
URSI Meeting, URSI-IEEE, Nationa! Re-
search Council, Ottawa, Ontario, Can-
ada. Prog. Info.: George Sinclair, Gal-
braith Bldg., Univ. of Toronto, Toronto
5, Canada.

Calis fer Papers

JUNE [9-21, 1967: San Diego Symposium
for Biomedical Engineering, |EEE, U.S.
Naval Hospital, et al., San Diego,
Calif. Deadline Info.: 4/12/67 (Abst.)
TO: D. L. Franklin, Scripps Clinic &
Res, Foundation, La Jolla, Calif.

JULY 9-14, [947: Summer Power Mig.,
|EEE, G-P, Portland Hilton Hotel, Port-
land, Oregon. Deadline (Papers) 4/12/
67 TO: E. C. Day, |EEE, 3456 E, 47th
St., New York, N.Y. 10017,

JULY 10-14, 1967: Nuclear & Space
Radiation Effects Conference, G-NS,
Ohio State Univ., Columbus, Ohio.
Deadline Info.: J. L. Wirth, Sandia
Corp., Albuquerque, New Mexico.

JULY 18-20, [967: 9th Electromagnetic
Compatibility Symposium, IEEE, G-
EMC, Shoreham Hotel, Washington,
D.C. Deadline Info.: F. T. Mitchell,
Atlantic Res. Corp., Shirley Hwy. &
Edsall Rd., Alexandria, Va.

AUG. 13-17, 1967: 2nd Intersociety
Energy Conversion Engineering Conf.,
ASME, |EEE, AIChE, ANS, SAE, AlAA,
Fountainebleu Hotel, Miami Beach, Fla.
Deadline Info.: |EEE Headquarters, 345
E. 47th St., New York, N.Y. 100I7.

AUG. 22-25, |967: Western Electronic
Show & Convention (WESCON), IEEE-
WEMA, Cow Palace, San Francisco,
Calif. Deadline (Abst.) 5/15/67, TO:
WESCON, 3600 Wilshire Blvd., Los
Angeles, Calif.

SEPT. 4-8, 1967: Solid-State Devices
Conference, U, K. & Eire Section, et al.,
Univ. of Manchester Institute of Science
and Technology, Manchester, Eng.
Deadline Info.: L. Lawrence, Inst. of
Physics and Physical Society, 47 Bel-
grave Sq., London, S.W. I, England.

SEPT. 6-8, 1967: First Computer Confer-
ence, &-C, N.W. Univ., Chicago Sec-
tion, Edgewater Beach Hotel, Chicago,
ltlinois. Deadline Info.: .IEEE Head-
quarters, 345 E. 47th St., New York,
N.Y. 10017.

SEPT. [1-15, 1967: Ini'l Symposium on
Information Theory, G-IT, Kings Palace
Hotel, Athens, Greece. Deadline: (Ms.)
5/1/67 TO: |EEE Headquarters, 345 E.
47th St., New York, N.Y. 10017,

SEPT. 24-28, 1967: Joint Power Genera-
tion Conference, G-P, ASME, et al.,
Statler Hilton Hotel, Detroit, Michigan,
Deadline: 6/23/67 TO: Henry Wallace,
Jr., 110 S. Orange, Livingston, N.J.

SEPT. 26-28, 1947: Conference on Mag-
netic Materials and Their Applications,
U. K. & Eire Section, et al., London,
England. Deadline Info.: IEEE Hdqts.,
345 E. 47th St., New York, N.Y, 10017.

SEPT. 25-27, 1967: Int'l Electronics Conf.
& Exposition of the Canadian Region,
Canadian Region, Toronto Section,
Automotive Bldg. in Exhibition Pk.,
Toronto, Ontario, Canada. Deadline
Info.: Rudolph G. deBuda, 1819 Yonge
St., Toronto, Ontario, Canada.

OCT. 9-10, 1967: Joint Engineering
Management Conference, ASME-IEEE,
et al., Jack Tar Hotel, San Francisco,
Calif. Deadline: (Papers) 4/1/67 TO:
B. B. Winer, Westinghouse Elec. Corp.,
East Pittsburgh, Pa,

OCT. [1-13, 1967: System Science &

Cybernetics Conference, G-55C, Statler
Hilton Hotel, Boston, Mass. Deadline
Info.: David Smith, Moore School of
Electrical Engrg., Univ. of Penna.,
Phila., Penna.

OCT. 16-18, 1967: Aerospace & Elec-
tronic Systems Convention, G-AES,
Sheraton Park Hotel, Washington, D.C.
Deadline Info.: Donald Hagner, Bell-
comm Ine., 1100 17th St. N.W., Wash-
ington, D.C.

OCT. 16-18, 1967: Fall URSI-IEEE Meet-
ing, URSI-IEEE, Rackham Bldg., Univ.
of Michigan, Ann Arbor, Mich. Dead-
line Info.: T. B. A, Senior, Radiation
Lab., 201 Catherine St., Ann Arbor,
Michigan.

OCT. 17-19, 1967: Int'! Symposium on
Antennas & Propagation, G-AP, Rack-
ham Bldg., Univ. of Michigan, Ann
Arber, Mich. Deadline Info.: T. B. A,
Senior, Radiation Lab., 201 Catherine
St., Ann Arbor, Michigan.

OCT. 18-20, 1967: Electron Devices
Meeting, G-ED, Sheraton-Park Hotel,
Washington, D.C. Deadline Info.: |EEE
Headquarters, 345 E. 47th St., New
York, N.Y. 10017.

OCT. 23-25, 1967: &th Symposium on
Adaptive Processes, G-AC, G-IT, G-
SSC, McCormick Place, Chicago, Illi-
nois. Deadline Info.: [EEE Head-
quarters, 345 E. 47th St., New York,
N.Y. [0017.

OCT. 23-25, 1947: Nat'l Electronics
Conf., 1EEE, et al., McCormick Place,
Chicago, !llinois. Deadline Info.: Nat'l
Electronics Conf., 228 N. LaSalle St.,
Chicago, Illinois.

OCT. 1967: Electron Devices Meeting,
G-ED, Washington, D.C. Deadline
Info.: 1EEE Headquarters, 345 E. 47th
St., New York, N.Y, 10017,

OCT. 30-NOV. 2, 1967: 14th Nuclear
Science Symposium, G-NS, Statler Hil-
ton Hofel, Los Angeles, California.
Deadline Info.: R. C. Maninger, Law-
rence Radiation Lab., P.O. Box 808,
Livermore, Calif.

NOV. -3, 1967: Northeast Res. & Engrg.
Meeting (NEREM), New England Sec-
tion, Boston-Sheraton Hotel, Boston,
Mass. Deadline: (Abst.) 6/15/67 TO:
IEEE Boston Office, 31 Channing St.,
Newton, Mass.
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M&SR NAMES COTTLER AS
CHIEF ENGINEER

J. H. Sidebottom, Division Vice President
and General Manager, Missile and Surface
Radar Division has announced the appoint-
ment of: D. M. Cottler as Chief Engineer;
W. V. Goodwin, Manager, Marketing
Department; and E. W. Petrillo, Manager,
Program Management. The new organiza-
tion, Mr. Sidebottom said, “will simplify
operations and shorten lines of communica-
tions, particularly in the acquisition of new
business.

Mr. Cottler received a BChE from CCNY
in 1942, He did graduate study in electrical
engineering at the Polytechnie Institute of
Brooklyn, Mr, Cottler joined RCA Moores-
town after eight years at the Signal Corps
White Sands Proving Ground in New
Mexico. As Chief of the Engineering Divi-
sion there he was responsible for all radar
range instrumentation, His initial RCA
responsibility was Project Leader for
tracking-radar development and field evalu-
ation in the Talos Land-Based Missile Pro-
gram. Mr. Cottler later became Manager,
General Information Processing, in the
M&SR Engineering Department, Immedi-
ately prior to his new assignment, Mr.
Cottler was Chief Engineer of the SAM-D
Program. He was a charter member of the
Inter-Range Instrumentation Working Group
on Electronics Trajectory Measurements
and is a member of the American Institute of
Aeronautics and Astronautics.

As Manager, Programs Management, Mr.
Petrillo has the responsibility for the man-
agement of all contracts. In addition, he
will support the Marketing Department in
the acquisition of new business for estab-
lished product lines and extensions thereof.
Mr. Petrillo received BSEE from Yale Uni-
versity in 1939, He is a member of the
American Ordnance Association and Tau

E. W. Petrillo

EDISON MEDAL FOR DR. BROWN

Dr. George H. Brown, Executive Vice
President, Research and Engineering, in
March will receive the Edison Medal at
the IEEE 1967 International Convention
and Exhibition in New York. He is being
honored “for a meritorious career dis-
tinguished by significant engineering con-
tributions to antenna development, elec-
tromagnetic propagation, the broadcast
industry, the art of radio frequency heat-
ing, and color television.”

DR. SIMON LARACH NAMED FELLOW
OF RCA LABORATORIES

In recognition of his outstanding scientific
contributions to the field of luminescence,
Dr. Simon Larach has been appointed Fel-
low, Technical Staff, RCA Laboratories.
The RCA Laboratories designation of Fel-
low is comparable to the same title used
by universities and technical societies. It
is given in recognition of a record of sus-
tained technical contribution in the past
and of anticipated continued contribution
in the future.

Beta Pi. Mr. Petrillo joined the Signal
Corps Engineering Laboratories (SCEL) in
1943 and served ten years as Assistant
Director of Engineering for Communica-
tions and Chief of Plans and Programs. In
1953, he was appointed Director of the
SCEL Radar Division, and spent three years
in management supervision of all Signal
Corps R&D Programs in the radar guided
missile electronics areas. He joined RCA’s
Missile and Surface Radar Division in 1956
as Manager, Associated Systems Projects
Engineering for range instrumentation proj-
ects, Since that time, he has held many
responsible engineering management posi-
tions. Mr. Petrillo was Deputy Program
Manager of Range and Re-Entry programs
prior to his new assignment.

As Marketing Manager, Mr. Goodwin has
the responsibility for all marketing includ-
ing planning for new business, sales, and
contract administration for all M&SR pro-
grams. Mr, Goodwin received his BEE in
1949 from Rensselaer Polytechnic Institute
and an MSEE in 1955 from the University
of Pennsylvania. Upon joining RCA in
1949, he worked on Radar Systems Develop-
ment and was responsible for the final devel-
opment and evaluation of the TERRIER mono-
pulse tracking radar. Prior to his new
assignment, Mr. Goodwin served as Deputy
Program Manager for Navy Weapons Sys-
terris programs. He is a member of Sigma Xi.

'W. V, Goodwin

o : 2
HENSMAN CHIEF ENGINEER
OF NEW RCA DIVISION

Harry G. Hensman is the Chief Engineer
of the newly formed RCA Magnetic Prod-
ucts Division in Indianapolis. He reports
to J. Stefan, Division Vice President and
General Manager. Prior to the formation
of the division on January 1, Mr. Hens-
man had been Manager, Magnetic Tape
Engineering, in the RCA Victor Record
Division.

In 1953, Mr. Hensman received BS de-
grees in Mechanical and Chemical Engi-
neering from the University of Detroit. He
then worked at the E. 1. duPont Yerkes
Research Laboratories with his activities
centering on chemical reactions and the
development of processes for industrial
films, such as Mylar, Teflon, and others.
He also worked for the Ampex Corpora-
tion before joining the RCA Victor Record
Division in 1964.

CHANGES IN
INTERNATIONAL OPERATIONS

President Robert W, Sarnoff has announced
the following changes regarding RCA inter-
national responsibilities:

1. Responsibility for negotiation and ad-
ministration of foreigh patent licensing,
and technical aid agreements is trans-
ferred to the Vice President, Licensing ;

2. Responsibility for Record Matrix Li-
censing is transferred to the RCA
Victor Record Division;

3. Responsibility for foreign purchasing
is transferred to the Executive Vice
President, Manufacturing Services and
Materials;

4. Responsibility for export marketing of
their products is transferred to the
respective domestic organization;

5. Responsibility for foreign product
manufacturing “feeder” operations for
domestic requirements is transferred
to the respective domestic organiza-
tion,

The RCA International Division will con-
tinue to be responsible for managing exist-
ing foreign manufacturing subsidiary com-
panies, other than feeder operations.

The RCA International Division will also
have the responsibility for providing special-
ized international regional services and in-
ternational functional services, such as
credit and collection, financial, marketing
services, personnel, and distribution and
commercial relataions, to all product and
service divisions.




RCA PROFITS AND SALES SET
RECORDS iN 1966

RCA in 1966 achieved the largest sales and
profit increase for a single year in its 47-year
history, Elmer W. Engstrom, Chairman of
the Executive Committee and Robert W.
Sarnoff, President, have announced.

The year will be the fifth in succession
in which the company’s sales and earnings
have reached new peaks, the two executives
said, and they added that “we have every
expectation that this momentum will con-
tinue in 1967.”

“Barring major changes in the economic
climate,” they continued, “we believe that
RCA will emerge at the end of 1967 with
significant further increases in both sales
and profits, an even more diversified base
of operations, and an organization that is
increasingly international in outlook and
technology.”

Subject to final confirmation, RCA’s sales
for 1966 will surpass $2.5 billion and profits
will exceed $130 million. The comparable
figures for 1965 were $2 billion and $102
million.

Dr. Engstrom and Mr. Sarnoff said that
nearly every major operating unit of RCA
contributed to the overall progress of the
corporation, and that nine of the company’s
divisions and subsidiaries advanced to new
all-time high profit levels. Among these,
they cited RCA’s home instruments, elec-
tronic components and devices, service, and
communications operations, and the National
Broadcasting Company and Random House,
Inc.

They pointed out that RCA undertook
in 1966 the largest capital expenditure pro-
gram in its history, amounting to a more
than $200 million domestic investment in a
variety of activities, During the year, the
company obtained or undertook construc-
tion of eleven new manufacturing plants in
the United States and abroad, and major
expansions at fifteen existing plant locations.

The executives said that color television
“in its two principal aspects—manufactur-
ing and broadcasting—made the largest con-
tribution to the company’s overall progress.”

“RCA leads the industry in color Tv set
production and sales, and we expect to main-
tain our leadership in the growing market
during 1967,” they said. “RCA’s color set
manufacturing capacity in 1967 will be three
times that of 1965, and we anticipate that
every bit of it will be needed to meet the
continuing public demand for color.”

They added that sales of RCA home in-
struments in 1967 are expected to exceed
$1 billion, representing a doubling of the
company’s sales volume of these products
in only two years.

PRODUCTION STARTED AT
NEW SCRANTON PLANT

The first color picture tube came off the
production line on Jan. 18 at RCA’s new
$26 million plant in Scranton, Pa., marking
the start of manufacturing operations. The
rectangular tube, with a viewing area of
227-square inches, completed tests with “fly-
ing colors,” according to Harry Seelen, Di-
vision Vice President and General Manager,
RCA Picture Tube Division. Mr. Seelen
joined Joseph H. Colgrove, Scranton Plant
Manager, and members of the latter’s staff
in observing the event,

CIRCULARLY POLARIZED
FM BROADCAST ANTENNA

The first practical ¥M broadcast antenna
to employ circular polarization for improved
signal reception by automobile radios has
been announced by the RCA Broadcast and
Communications Products Division.

With the growing popularity of ¥M car
radios, broadcast stations have been adding
a separate vertically-polarized transmitting
antenna for better reception by the automo-
bile’s upright “buggy-whip” aerial. Nor-
mally, the ¥M signal is horizontally polar-
ized.

The new FM transmitting antenna reduces
by 50 percent the weight and wind load
over a combination of separate horizontally
and vertically polarized antennas needed for
an equivalent broadcasting job.

The new RCA antenna uses a radiating
element made of two circular dipoles to pro-
duce circular polarization with a relatively
simple radiator. An advantage of circular
polarization is that transmitter power can
be doubled without exceeding the licensed
maximum in the horizontal plane since the
additional power is radiated in other polari-
zations,

FIRST HIGH-SPEED WEATHER CIRCUIT
BETWEEN U.S. AND GERMANY

RCA Communications, Inc, has announced
the opening of the first high-speed weather
communications link between the United
States and Eastern Europe. The circuit was
officially placed into operation during a
ceremony at the Weather Bureau’s National
Meteorological Center in Suitland, Mary-
land. The new high-speed coaxial cable cir-
cuit links the U.S. Weather Bureau center
in Maryland directly with the National
Weather Service center at Offenbach
(Frankfurt), Germany., The circuit is
routed via the newest transatlantic cable
(TAT-4), directly connecting the United
States with Continental Europe.

The new circuit is expected to revolu-
tionize the exchange of weather information
between the two continents. Capable of
voice, data, or pictorial transmission, the
circuit replaces a link which carried only
teletypewriter messages.

Meteorological data will be transmitted
at the speed of 1050 words per minute, more
than 10 times the 100-word-per-minute capa-
bility of the earlier circuit. Weather maps
which were previously not exchanged will
now be transmitted in both directions at a
speed of 120 rpm. Voice Communications
will be utilized for cue and control, main-
tenance and other functions,

135-POUND COLOR TV CAMERA

A 135-pound color Tv camera designed for
on-the-spot. coverage of news, sports and
other evénts away from the studio has been
announced by the RCA Broadcast and Com-
munications Products Division. The TK-44
field camera will be available by mid-1968
in time for the Democratic and Republican
National Conventions.

Weighing approximately 135 pounds, less
detachable viewfinder and lens, the camera
combines ease of handling and operation
with the superior performance of RCA’s
four-tube pickup system. The new camera
follows RCA’s design concept of a high-
quality separate luminance channel. It em-
ploys a three-inch image orthicon type tube,
with improved signal-to-noise ratio, for the
luminance signal. The red, green and blue
channels will use one-inch electrostatic
focus tubes of the vidicon type.

E C & D REALIGNMENT

A reorganization of RCA’s electronic com-
ponents operational units and management
staff has been announced by John B. Farese,
Vice President, RCA Electronic Components
and Devices. Mr. Farese said that the move
was made to keep pace with advances in
technology, expanding world markets, and
to maintain RCA’s strong position in the
highly competitive electronic components
business. “A major objective of the reor-
ganization,” he stated, “is to consolidate all
solid-state devices and receiving tube activi-
ties into a single division. Formerly, these
activities were spread over three divisions.”

The following new appointments have
been made:

C. E. Burnett, appointed Division Vice
President and General Manager, Solid-State
and Receiving Tube Division. This newly-
formed division will include: the Special
Electronic Components Department (in-
tegrated circuits, direct energy conversion
devices and superconductive products) ; In-
dustrial Semiconductor Operations Depart-
ment; and the Commercial Receiving Tube
and Semiconductor Operations and Market-
ing Departments.

William H. Painter, Division Vice Presi-
dent, Electronic Components and Devices
International Operations.

Joseph T. Cimorelli, General Manager,
Memory Products Division,

Gene W. Duckworth, General Manager,
Industrial Tube Division. This newly created
division will be responsible for the engineer-
ing, production and marketing of power
tubes, conversion tubes and microwave
devices.

Joseph A. Haimes, Manager, RCA Dis-
tributor Products, responsible for the over-
all sales and marketing of components and
devices in the distributor market.

Harry R. Seelen continues as Division
Vice President and General Manager, Tele-
vision Picture Tube Division.

Mr. Farese also announced these new ap-
pointments to his management staff: Harold
F. Bersche, Division Vice President, Dis-
tributor Marketing Relations.

Michael J. Carroll, Equipment Market-
ing Relations. Howard C. Enders, Manager,
News and Information.

The following members of Mr. Farese’s
staff continue in their present positions:
G. C. Brewster, Manager, Operations Plan-
ning and Support; William C. Dove, Pur-
chasing Agent; Alan M. Glover, Division
Vice President, Technical Programs; kaw-
rence A. Kameen, Manager, Personnel; and
Julius Koppelman, Controller, Finance.

All members of the management staff,
except Mr. Duckworth, have headquarters
located at the home office of RCA Electronic
Components and Devices in Harrison, N.J.
Mr, Duckworth’s office is at Lancaster, Pa.

JOHNSON ON ELECTRIC-CAR PANEL
Edward O. Johnson, Manager, Engineering,
EC&D Technical Programs, has been named
to a 16-man panel established by the U. S.
Secretary of Commerce to investigate the
possibilities of developing an electrically
powered automobile. The panel, which in-
cludes experts on transportation, technology,
economics, and associated fields, such as air
pollution, is headed by Dr. Richard S. Morse
of the MIT Sloan School of Management.

The group’s assignments include: Survey
the current electric car technology. Deter-
mine the technical and economic feasibility
of electric cars. Compare their performance
and effects of electric vehicles. Recom-
mend a role for the Federal Government in
the research and development of such cars.
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STAFF ANNCUNCEMENTS

Lawrence M. Isaacs has been named Vice
President and Controller and Earl $. Kauff-
man, Staff Vice President, Management In-
formation Systems. They report to Howard
L. Letts, Executive Vice President, Finance.

Robert J. Anglis appointed Vice Presi-
dent, Sales, RCA Communications, Inc., re-
porting to Howard R. Hawkins, President.

E. J. Derenthal named Director, Trans-
portation, Warehousing, and Physical Dis-
tribution, by G. A. Fadler, Staff Vice Presi-
dent, Materials.

Delbert L. Mills, Executive Vice Presi-
dent, Consumer Products, has been elected
to the RCA Board of Directors.

Robert L. Werner named Executive Vice
President and General Counsel and E. M.
Tuft elected Executive Vice President, Per-
sonnel, both reporting to President Robert
W. Sarnoff.

Frederick M. Hoar appointed Director,
Publications and Exhibits, and R. Kenyon
Kilbon named Director, Editorial Services.
Both report to Alexander S. Rylander, Staff
Vice President, News and Information.

Kenneth L. Snover named Manager,
Manufacturing Operations, RCA Electronic
Data Processing, by James R. Bradburn,
Vice President and General Manager,

Norman Racusin appointed Division Vice
President and General Manager, RCA
Victor Record Division, report to Charles
M. Odorizzi, Group Executive Vice Presi-
dent.

G. B. Herzog, appointed Director, Process
Research and Development Laboratory, by
J. Hillier, Vice President, RCA Labora-
tories.

K. K. Miller named Manager, Defense
Planning and R. A. Newell, Manager, Spe-
cial Plans and Programs, reporting to H. L.
Miller, Division Vice President, DEP De-
fense Planning and Regional Offices.

M. H. Glauberman appointed Manager,
Plans and Programs by A. L. Malcarney,
Executive Vice President, Manufacturing
Services and Materials.

K. Hesdoerffer named Manager, Manu-
facturing Operations and Product Assur-
ance, reporting to S. W. Cochran, Division
Vice President and General Manager,
Graphic Systems Division.

H. F. Kazanowski, appoinied Manager,
Business Analysis, by F. H. Erdman, Divi-
sion Vice President, New Business Pro-
grams.

J. Stefan named Division Vice President
and General Manager, Magnetic Products
Division, reporting to €. M, Odorizzi, Group
Executive Vice President.

J. J. Benavie, Staff Vice President,
Domestic Licensing, and S. S. Barone, Staff
Vice President, International Licensing,
both reporting to M. E. Karns, Vice Presi-
dent, Licensing.

M. R. Amsler, appointed Manager, Pro-
grams Management, reporting to J. M.
Hertzberg, Division Vice President and
General Manager, CSD.

E. Noel Luddy named Manager, Broadcast
and Communications Consultant Relations
in Washington, D.C. He reports to E. C.
Tracy, Division Vice President, Broadcast
Sales Department, B&CP.

A. D. Beard, EDP, Chief Engineer,
announces his staff as: €. N. Breeder,
Manager, Administration and Control;
L. 1by, Manager, Design Integration; H.
Kleinberg, Manager, Engineering—Palm
Beach; J. L. Maddox, Manager, Systems
Engineering; J. N. Marshall; Manager,
Computer and Communications Product
Engineering; H. J. Martell, Manager, Pe-

ripheral Equipment Program; and G. D.
Smcliar, Staff Engineer.

J. P. Veatch, Director, RCA Frequency
Bureau, announces his staff as: J. F. Eagan,
Jr., Manager, Camden Office; W. Mason,
Manager, Maritime Projects; and R. E.
Simonds, Manager, New York Office.

C. H. Colledge, Division Vice President
and General Manager, BC&P, announces his
staff as: A. L. Hammerschmidt, Manager,
Electronic Recording Products and Scientific
Instruments Department, E. J. Hart, Man-
ager, Communications Products Department,
A. F. Inglis, Division Vice President, Engi-
neering and Merchandising Department, A.
M. Miller, Division Vice President, Instruc-
tional Electronics Department, J. P. Taylor,
Manager, Marketing Services, and E. €.
Tracy, Division Vice President, Broadcast
Sales Department.

In the Engineering and Merchandising
Department, A. F. Inglis, Division Vice
President, announces his staff as follows:
J. H. Cassidy, Manager, Sales Support and
Services, T. M. Gluyas, Manager, Broad.
cast Audio and Transmitter Engineering,
H. N. Kozanowski, Manager, TV Advanced
Development, A. H. Lind, Manager, Studio
Equipment Engineering, R. &. Rocamora,
Manager, Antenna Engineering and Mer-
chandising, W. B. Varnem, Manager, Studio
Equipment Merchandising, €. A. Wallack,
Manager, Broadcast Audio and Transmitter
Merchandising, H. S. Wilson, Manager,
Microwave Engineering and Instructional
TV Merchandising and Engineering, J. E.
Young, Manager, Systems Engineering and
Administration.

... PROMOTIONS ...
to Engineering Leader & Nanager

As reported by your Personnel Activity during the
past two months. Location and new supervisor
appear in parentheses.

Electronic Components and Devices

E. L. Batz: from Sr. Liaison Eng. to Ldr.
Liaison Engr. (J. Wright, Bloomington)
R. J. Shedlak: from Engr. Manu. to Mgr.

Tube Parts (M. B. Still, Marion)

M. K. Brown: from Sr. Eng. to Eng. Ldr.
Prod. Devel, (Mgr. Color Devel, Lancas-
ter) ;

F. Donovan: from Sr. Mbr. Tech. Staff to
Ldr. Tech. Staff (L. Wood, Needham)
W. Goulder: Engr., Equip. Devel. to Ldr.

Tech. Staff (L. Wood, Needham)

D. A. Campbell: from Sr. Mbr. Tech. Staff
to Ldr. Tech. Staff (E. A. Schwabe, Need-
ham)

P. €. March: from Sr. Mbr., Tech. Staff to
Ldr. Tech. Staff (E. A. Schwabe, Need-

~Mam)

J. J. Cosgrove: from Sr. Mbr, Tech. Staff
to Ldr. Tech. Staff (E. A. Schwabe, Need-
ham)

Broadcast and Communications Division

L. V. Hedlund: from Eng. D&D to Ldr. D&D
Eng. (R. N. Hurst, Camden)

J. R. West: from Eng. D&D to Ldr. D&D
Eng. (R. N. Hurst, Camden)

Missile and Surface Radar Division

B. C. Stephens: from Cl. “A” Eng. to Ldr.
D&D Eng. (W. S. Perecinic, Mrstn.)

W. S. Perecinic: from Ldr. D&D Eng. to
Mgr. Advanced Design Engrs. (H. Eigner,
Mrstn.)

Communications Systems Division

E. VanKeuren: from Eng. “A” to Ldr. Sys-
tems Projects (J. Santoro, Camden)

E. D. Menkes: from “A” Engr. to Ldr. D&D
Eng. (D. H. Westwood, Camden)

D. Hampetl: from Sr. Proj. Mbr. Tech. Staff
to Ldr. Tech. Staff (D. P. Goodwin, Cam-
den)

C. J. Moore: from “AA” Eng. to Ldr. D&D
(T. L. Genetta, Camden)

E. J. Westcott: from Ldr. to Mgr., Systems
Assurance (C. G. Arnold, Camden)

M. Raphelson: from Mgr., Systems Assur-
ance to Mgr., Secure Communications (J.
M. Osborne, Camden)

West Coast Division

R. Norwalt: from Sr. Mbr. D&D to Ldr.
D&D Eng. (G. Turner, Van Nuys)

A. Virnig: from Sr. Mbr. D&D to Ldr. D&D
Eng. (G. Grondin, Van Nuys)

Astro-Electronics Division

D. Williams: from Eng. to Ldr. Engrs. (M.
Shepetin, Princeton)

Electronic Data Processing

R. L. Cox: from Engr. to Ldr. D&D Eng. (G.
Waas, Camden)

3. E. Linnell: from Ldr. D&D to Mgr. Disc
File Eng. (H. J. Martell, Camden)

R. H. Yen: from Ldr. D&D to Mgr. Com-
puter Logic Design (J. Marshall, Cam-
den)

T. A. Franks: from Mgr. Emulator Design
to Mgr. Computer Projects (J. Maddox,
Camden)

PROFESSIONAL ACTIVITIES

R&E Product Engineering, Camden,
N.J.: 6. A. Keissling, Manager, Product
Engineering Professional Development, has
been reappointed to the IEEE Professional
Relations Committee for 1967.

ASD, Burlington, Mass.: Oliver T. Carver
has been renamed to the Technical Com-
mittee on Support Systems of the American
Institute of Aeronautics and Astronautics
for 1967.—D. Dobson

Dr. Alfred N. Goldsmith, Honorary Vice
President, RCA, has been named a Director
Emeritus of the IEEE for 1967.

ASD, Burlington, Mass.: M. €. Kidd and
B. T. Joyce participated in the IEEE, EIA,
ME, Computer Aided Design Committee in
San Francisco, last November. M. Anderson
took part in the AGARD/NATO Lecture
Series on Application of Microelectronics
to Aerospace Equipment in Washington last
October. L. €. Drew participated in the
NATO Microelectronic Lectures in Wash-
ington in October. Ed Kornstein has been
elected Chairman of the Boston section of
the Society of Motion Picture and Televi-
sion Engineers.—D. Dobson

RCA Laboratories, Princeton, N.J.: Rob-
ert $. Hopkins received his MSEE from
Rutgers—The State University in January.

RCA INSTITUTES TO MOVE

RCA Institutes, Inc., one of this country’s
oldest and largest schools devoted to elec-
tronic technology, has signed a 20-year lease
for occupancy of the four-story building at
320 West Thirty-first St., New York. The
school, has had its headquarters at 350 West
Fourth St. since 1949. The move, scheduled
to be completed by Jan. 1, 1968, will pro-
vide easier access and enhanced facilities
for Resident School and Preparatory De-
partment Students.




TECHNICAL EXCELLENCE AWARD
WINNERS NAMED BY M&SR

Technical Excellence Award winners for
the Third Quarter of 1966 have been
announced by the DEP Missile and Sur-
face Radar Division, Moorestown, N.J.
They are: €. M. Brindley, for his work
as technical director of the Manual Space
Objective Identification Technique Im-
provement Program; €. P. Clasen—for
contributions to the SAM.D radar effort;
W. O. Koch—for his contribution of an
inexpensive solution to an RFI problem in
the Real Time Telemetry Data System;
J. Luber—for his performance as the lead
designer on the Lunar Module Tilt Mech-
anism; W. T. Patton—for his technical
leadership and contribution on the Radar
Electronic  Scanning Program; R. J.
Pschunder—for his performance as senior
engineer in the Mechanical Engineering
Skill Center; B. €. Stephens—for contri-
butions as the key project engineer on
the ARIS Data Playback and Digitizing
Equipment; and W. Yanovitch—for his
work as a drafting-illustrator.

SELF-CONTAINED DISPLAY DEVICE

A new self-contained video data terminal
that combines third generation circuitry
with advanced computer-communications
techniques has been announced by RCA
Electronic Data Processing. Resembling a
portable television set attached to a type-
writer keyboard, the Spectra 70/752 is a
compact, low-cost communications terminal
that houses the video screen keyboard, con-
trols and power supply in a single unit.

The device, the newest member of RCA’s
Spectra 70 family, employs third genera-
tion integrated circuits in its logic elements
similar to those pioneered in the Spectra
70/35, 45 and 55 systems. Tiny silicon
chips will enable the new terminal to
operate with greater reliability, fewer con-
nections, less maintenance and at lower
costs,

Coupled with Spectra 70 computers and
mass storage devices, the 70/752 will pro-
vide fast, economical and direct means of
accessing centralized files from local or
remote points for routine daily work or
time-sharing. The result will mean rapid
reply to inquiries, faster customer service
and better business control.

The manually-controlled input-output de-
vice can display up to 1080 characters—
letters, numerals or other symbols—on the
12-inch screen of a cathode ray tube at the
rate of 120 characters per second. The
screen can accommodate twenty 54-char-
acter lines, with clear, sharp focus main-
tained over the screen’s entire surface.

A conventional four-row keyboard con-
tains all necessary controls. Inquiries and
transactions may be composed and visually
verified. If necessary, corrections can be
made by retyping before transmission. A
moveable cursor, displayed as an under-
score, makes positioning easy and auto-
matic, and guards against erasure of needed
information.

C. W. Fields, the Communications Sys-
tems Division Editorial Representative
deserves the thanks of the Editors and
readers of the RCA Ewncineer for his
work in stimulating and coordinating
many of the technical papers concerned
with advanced communications in this
issue.

NEW DATA GATHERING SYSTEM

A new third generation data gathering
system for use in factories, offices, libraries,
hospitals and other institutions, has been
announced by RCA Electronic Data Pro-
cessing. The RCA Spectra 70/630 Data
Gathering System, or DGS, makes possi-
ble the transmission of data from a work
area to a computer and provides manage-
ment with vital information on inventory
changes, down-time on machines and other
production facts. The system includes vari-
ous input terminals, line concentrators and
buffers.

The input terminal, utilizing integrated
circuits, features modular design, ease of
operation and high transmission speeds.

The modular design permits the customer
to mold the input station to fit his needs.
A DGS station can be configured with card
readers, badge readers and variable data
readers, or various combinations of these.

Designed for use with the RCA Spectra
70/35, 45 or 55 computers, the DGS input
station can be located as“far as 30 miles
from the computer without additional equip-
ment. By using a telephone network, a
manufacturer can collect data from plants
or warehouses throughout the world.

The data gathering system is capable of
transmitting information at a rate of 120
characters per second, and as many as 384
terminals can be connected to each
Communications Control Multichannel unit
(CCM) of the computer.

RCA TO OPERATE INDIAN
TRAINING CENTER

The U.S. Bureau of Indian Affairs has
awarded the RCA Service Company a con-
tract to establish, manage, and operate a
training center on the Choctaw Indian
Reservation at Philadelphia, Miss. The
training program has been especially de-
veloped to enhance the Indian’s adaptabil-
ity to urban living, It will employ advanced
teaching and learning techniques integrated
into a systems approach which has been
custom designed for this requirement. Un-
like most training programs, this one will
upgrade the basic education of both the
men and women in the Indian family while
the husbands are learning skills that will
help them get and hold a job, their wives
will be mastering the social and homemak-
ing skills associated with living in an urban
society.

MIT RESEARCH DIRECTORY
AVAILABLE IN RCA LIBRARIES

As a participant in the MIT Industrial Liai-
son Program, RCA has available, in its Li-
braries, copies of the 1967 MIT Directory of
Current Research. The Directory lists more
than 1300 projects (all nonclassified re-
search programs) including, for example:
“Conduction in Ionized Gases,” “Chemilu-
minescence,” “Engineering Education,”
“Computer Aided Design,” “Synthesis of
Switching Networks,” “Plasma Physics,”
“Thermonuclear Systems,” “Simulation of
Systems,” “Array Radar Techniques,” “Pro-
gramming Tools for Time-Sharing,” “Group
Factors and R&D Problem Solving,” “New
Product Decisions,” “Thermal Interactions
in Integrated Circuits,” “Energy Gap of Ni-
obium for Superconductivity,” and “Anal-
ysis of Stochastic Systems.”

The research projects in the Directory
usually result in publications available to
RCA engineers and scientists. Requests for
information concerning the research pro-
gram and publications, the MIT Summer

Session Program, and a number of private
symposiums to be offered for the benefit of
specialists should be forwarded through the
librarian in your RCA activity.

The Industrial Liaison Program also
makes available to RCA a valuable service
by welcoming visits by engineering and re-
search personnel to the campus for discus-
sions with faculty members involved in the
research areas described in the Directory.
For information concerning the campus visi-
tation program, to arrange for a visit, or for
further information concerning any aspect
of the MIT Industrial Liaison Program, con-
tact G. A. Kiessling, Manager, Product Engi-
neering Professional Development, Camden
2-8, PC-5650.

VIDEOCOMP SYSTEM FOR TYPESETTER

An RCA electronic typesetter system capa-
ble of producing text at the rate of 600 char-
acters per second, is scheduled for installa-
tion in mid-1967 by the Michigan Typeset-
ting Company in Detroit.

Michigan Typesetting will use RCA’s
Videocomp 70/820, introduced last June by
the RCA Graphic Systems Division, Prince-
ton, N. J., as the first commercially available
typesetter to employ all-electronic character
generation. It can produce the entire text
for a newspaper page in just 2 minutes using
video and computer techniques.

The complete $1 million installation at
Michigan Typesetting includes an RCA
Spectra 70 computer.

Michigan Typesetting numbers among its
customers the nation’s four leading auto-
mobile manufacturers. Last minute changes
on new models make it especially important
to print large volumes of material in a short
period of time.

RCA ETV SYSTEM TO LINK
MEDICAL FACILITIES

A $100,000 contract to link five medical fa-
cilities in the Atlanta, Georgia, area in the
nation’s first 2,500 MHz television system
for exchanging medical instructional pro-
grams has been announced by the RCA In-
structional Electronics Department, Broad-
cast and Communications Products Division.

Two of the five locations—Grady Me-
morial Hospital and the Public Health
Service Audiovisual Facility, U. S. Depart-
ment of Health, Education and Welfare—
will be equipped with transmitters for origi-
nating programs, and all five stations will
have receiving systems.

Other participants in the network are the
Atlanta Veterans Administration Hospital,
Emory University School of Medicine and
Hospital, and the Georgia State Department
of Health with its Mental Health Institute.
Roof-top antennas and down converters—
devices that change the 2,500-MHz signals
to a frequency that can be picked up by a
standard TV set—will provide program re-
ception at all locations.

Plans for the system, expected to be in
operation next spring, call for broadcasts of
medical seminars, consultations and dem-
onstration techniques, among other material,
for use in teaching medical students, nurses,
and other health professionals.

Erratum: In Fig. 9, page 36 (Vol. 12-4)
of the article by Dr. Clorfeine and Dr.
Taylor, the lower trace was accidentally
clipped. Those wishing to see the com-
plete traces are invited to contact the
authors.—The Editors.
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J. R, Hendrickson

J. R. HENDRICKSON NAMED ED REP
FOR DEP CENTRAL ENGINEERING

John R. Hendrickson, Sr., has been ap-
pointed an RCA ENGINEER editorial repre-
sentative for DEP Central Engineering,
Camden. He will serve on F. Whitmore’s
DEP Editorial Board.

Mr. Hendrickson received his BS and MS
degrees in Chemical Engineering from the
University of Washington in 1932 and 1933,
respectively. He is presently working for
an MS in Systems Engineering and Opera-
tions Research at the University of Pennsyl-
vania. He also did graduate work at the
University of Washington and the Univer-
sity of Maryland.

Since coming to work for RCA in October
1956 as a Consulting Chemical and Nuclear
Engineer, he has worked on a wide variety
of space and military projects.

He is a member of the Nuclear Engineer-
ing Division of the American Institute of
Chemical Engineering, the Aerospace Sys-
tem Safety Society, the Air Force Associa-
tion, the American Nuclear Society, the
American Institute of Aeronautics and
Astronautics, the IEEE, the American Man-
agement Association, and the American
Ordnance Association. He has published
more than 50 reports in the atomic energy
field. Before coming to RCA he had worked
in the Army’s Nuclear Defense Laboratory,
the Manhattan Project, Oak Ridge, Tenn.,
and the Lawrence Radiation Laboratory at
the University of California in Berkeley.

Mr. Hendrickson is a Registered Profes-
sional Engineer in the State of Pennsylvania
and he’s listed in Who’s Who in Engineer-
ing, Who’s Who in Industry and Technol-
ogy, Who’s Who in Chemistry, American
Men of Science, and Who’s Who in the
East.

G. R. KORNFELD NAMED ED REP
FOR ECD MEMORY PRODUCTS

George R. Kornfeld has been appointed to
serve as RCA ENGINEER editorial represen-
tative for ECD’s Memory Products Division.
Mr. Kornfeld replaces L. Thomas in this
capacity and will serve on C. A. Meyer's
Editorial Board.

George R. Kornfeld graduated from
Temple University in 1950 with a B.A.
degree in English. After working for
several months as librarian at the Univer-
sity, he was drafted, and was trained by the
Army as a radar technician. He joined the
RCA Service Company, Government Service
Division, Technical Publications, as a tech-
nical writer in 1953. From 1953 to 1959 he
worked as writer, editor, and group leader
of field technical writing groups, preparing
technical reports on the development of
proximity fuses for Frankford Arsenal and
Diamond Ordnance Fuse Laboratories, and
on the development of ballistic aircraft
escape systems for Frankford Arsenal. Mr.
Kornfeld then worked for a short time pre-

G. R. Kornfeld

paring instruction books for the C-Stellara-
tor at Princeton, and later was transferred
to the Bedford. Communications Projects
Office (Massachusetts) to write evaluation
reports on Time Division Data Link systems.
He left the Service Company in 1960 to
join the Memory Products Operation at
Needham, where he was in charge of Engi-
neering Systems and Procedures. In Spring
1961, he taught technical writing at the
Cambridge Center for Adult Education. In
1964 he left RCA to work at Massachusetts
Institute of Technology Instrumentation
Laboratory as an Administrative Assistant
on the Apollo program. He then returned
to RCA in December 1965 and has been
working in the design of shipping packages
and engineering standards since then.

K. C. SHAVER NEW ED REP
FOR B&CP MICROWAVE ENGINEERING

Karl C. Shaver has been named RCA EnclI-
NEER editorial representative for the Micro-
wave Engineering, Broadcast and Communi-
cations Product Division in Camden. He
will serve on D, R. Pratt’s B&CP Editorial
Board.

Mr. Shaver received his BSEE from the
University of Illinois in 1950 and joined
Public Service Company of Northern
Illinois. His work, then in the Communica-
tions Department, was concerned primarily
with veF mobile radio and telephone sys-
tem. Mr, Shaver later spent two years on
active duty with the Signal Corps at Fort
Monmouth, N. J. in electronic counter-
measures. He joined RCA in 1953 with the
Systems Engineering Group of the Engi-
neering Products Division. This work
involved the preparation of technical pro-
posals and special equipment design for
microwave and vHF mobile systems. He left
RCA in 1957 to work with the Lenkurt

K. C. Sﬁuver

G. Smoliar

Electric Company. Mr. Shaver rejoined
RCA in 1960 with the Microwave Section of
Industrial Electronics Product Division.
His assignments included microwave station
assembly design, system test procedures,
multiplex unit design and a return to sys-
tems engineering. Mr. Shaver was promoted
to Leader, Systems Engineering Group, in
the Broadcast and Communications Prod-
ucts Division in 1966.

EDP NAMES G. SMOLIAR AS
TECH. PUBL. ADMINISTRATOR

Gerald Smoliar has been appointed to serve
as Technical Publications Administrator for
the Electronic Data Processing Division,
Camden, N.J. He is a Staff Engineer, re-
porting to A. D. Beard, EDP Chief Engi-
neer. In this capacity, Mr. Smoliar is
responsible for review and approval of all
technical papers and presentations by his
division. He also will serve as Consulting
Editor on the RCA ENcINEER; he will assist
in editorial activities in cooperation with
the Editors and Editorial Representatives.

Mr. Smoliar received his BSEE in 1937
from CCNY. After eight years in civil
service in various positions he entered the
field of digital computers in 1947 as a
design engineer in the company that even-
tually became the Univac division of Sperry
Rand. For the past 19 years he has worked
continuously in this field as a designer
and as a supervisor of engineers. He joined
RCA in 1962 as a manager of computer
product design. Mr. Smoliar is a Registered
Professional Engineer in the state of Penn-
sylvania and holds two patents on computer
components, He is the author of several
articles pertaining to digital equipment and
teaches logic design to engineers in the
RCA training program.
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Editorial Representatives

The Editorial Representative in your group is the one you should contact in
scheduling technical papers and announcements of your professional activities.

DEFENSE ELECTRONIC PRODUCTS
F. D. WirrMoRre® Chairman, Editorial Board, Camden, N. J.

Editorial Representatives
Aerospace Systems Division
D. B. Dosson Engineering, Burlington, Mass.

West Coast Division
R. J. ErLis Engineering, Van Nuys, Calif.

Astro-Electronics Division
J. PamLrips Equipment Engineering, Princeton, N. ].

1. SEmEMAN Advanced Development and Research,
Princeton, N. J.

Missile & Surface Radar Division
T. G. Greene Engineering Dept., Moorestown, N. J.

Communications Systems Division

C. W. FieLps Engineering, Camden, N. J.

H. GoopMmAN Engineering, Camden, N. ]J.

M. P. RoseNTHAL Systems Labs., New York, N. Y.

Defense Engineering

C. Dunarer Defense Microelectronics, Somerville, N. J.
J. R. Henprickson Central Engineering, Camden, N. J.
M. G. Ptz Applied Research, Camden, N. J.

J. E. Friepman Applied Research, Camden, N. J.

H. EpsTEIN Systems Engineering, Evaluation, and Research,
Moorestown, N. J.

BROADCAST AND COMMUNICATIONS
PRODUCTS DIVISION

D. R. PraTT® Chairman, Editorial Board, Camden, N. J.

Editorial Representatives

C. E. HrrtLE Closed Circuit TV & Film Recording Dept.,
Burbank, Calif.

R. N. Hurst Studio, Recording, & Scientific Equip.
Engineering, Camden, N. J.

K. C. SuavER Microwave Engineering, Camden, N. J.

N. C. CoLpY Mobile Communications Engineering,
Meadow Lands, Pa.

R. E. WinN Brdcest. Transmitter & Antenna Eng.,
Gibbsboro, N. ].

NEW BUSINESS PROGRAMS

L. F. Jongs Engineering, New Business Programs,
Princeton, N. J.

ELECTRONIC DATA PROCESSING

G. SmoL1aR* Chairman, Editorial Board, Camden N. ]. .
Editorial Representatives -
M. Morra EDP Engineering, Camden, N. J.

R. R. HEmp Palm Beach Engineering,
West Palm Beach, Fla.

GRAPHIC SYSTEMS DIVISION
Dr. H. N. Crooks Engineering, Princeton, N. J.

RCA LABORATORIES
C. W. SaLL* Research, Princeton, N. J.

RCA VICTOR COMPANY, LTD.
H.J. RusseLL® Research & Eng., Montreal, Canada

ELECTRONIC COMPONENTS AND DEVICES
C. A. MEYER* Chairman, Editorial Board, Harrison, N. J.

Editorial Representatives
Commercial Receiving Tube & Semiconductor Division

P. L. Farina Comimercial Receiving Tube and
Semiconductor Engineering, Somerville, N. J.

J. Korr Receiving Tube Operations, Woodbridge, N. J.

G. R. KornNFELD Memory Products Dept., Needham and
Natick, Mass.

R. J. Masox Receiving Tube Operations, Cincinnati, Ohio
J. D. Youne Semiconductor Operations, Findlay, Ohio

Television Picture Tube Division

J. H. Lipscomske Television Picture Tube Operations,
Marion, Ind.

E. K. Mapenrorp Television Picture Tube
Operations, Lancaster, Pa.

Industrial Tube & Semiconductor Division

M. B. ALExANDER Industrial Semiconductor Engineering,
Somerville, N. .

R. L. KaurrMan Conversion Tube Operations, Lancaster, Pa.

K. LoorBurrow Semiconductor and Conversion Tube
Operations, Mountaintop, Pa.

G. G. TaoMmas Power Tube Operations and Operations Svcs.,
Lancaster, Pa.

H. J. WoLksTEIN Microwave Tube Operations, Harrison, N. J.

Special Electronic Components Division
R. C. Fortin Direct Energy Conversion Dept., Harrison, N. J.
1. H. Kavisu Integrated Circuit Dept., Somerville, N. J.

Technical Programs
D. H. WamsLEY Engineering, Harrison, N. ].

RCA VICTOR HOME INSTRUMENTS
K. A. Currrick® Chairman, Editorial Board, Indianapolis, Ind.

Editorial Representatives
J. J. ArmstrONG Resident Eng., Bloomington, Ind.
D. J. Caruson Advanced Devel., Indianapolis, Ind.

R. C. GranaM Radio “Victrola” Product Eng.,
Indianapolis, Ind.

P. G. McCase TV Product Eng., Indianapolis, Ind.
J. Osman Electromech. Product Eng., Indianapolis, Ind.
L. R. Wovrter TV Product Eng., Indianapolis, Ind.

RCA SERVICE COMPANY
M. G. Ganper*® Cherry Hill, N. ].
B. AaroNT EDP Svc. Dept., Cherry Hill, N. ].

W. W. Cook Consumer Products Svc. Dept.,
Cherry Hill, N. ].

K. Haywoob Tech. Products, Adm. & Tech. Support,
Cherry Hill, N. J.

T. L. ELL1OTT, JR. Missile Test Project, Cape Kennedy, Fla.
L. H. FETTER Govt. Svc. Dept., Cherry Hill, N. J.

RCA COMMUNICATIONS, INC.

C. F. Frost® RCA Communications, Inc.,
New York, N. Y.

RCA VICTOR RECORD DIVISION
M. L. Wartenurst Record Eng., Indianapolis, Ind.

NATIONAL BROADCASTING COMPANY, INC.
W. A. Howaro* Staff Eng., New York, N. Y.

RCA INTERNATIONAL DIVISION
L. A. SuoTLIFr® New York City, N. Y.

* Technical Publication Administrators for their major operating unit.
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