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editorial
input

Several significant changes in the
microwave field confronted the
editors ‘‘head-on"” this issue—
these changes, occuring in a brief
10-year span, concern not only the
quality and effectiveness of micro-
wave equipment but the nature and
extent of the engineering behind
the equipment.

Years ago, transmitters, microwave
devices, electron tubes, or tran-
sistors, though related, were fairly
well defined . . . and the distinction
between the roles of the system
designer and the device designer
were likewise clearly defined. To-
day, the “devices’ perform a new
and more comprehensive set of
microwave functions—while the
systems are becoming still more
complex and more versatile.

One outstanding result of such
change is the gradual disappear-
ance of a well-defined interface
between the system designer and
the device designer. This "‘fuzzy”
interface gave the editors no little
difficulty in planning the present
issue (devoted to Microwave de-
vices) and the subsequent issue
(devoted to Microwave systems).
Originally planned as just one is-
sue on microwave devices, the
response to a call for papers
brought forth articles with both sys-
tem emphasis and device em-
phasis. The large number of papers
and their varying contents seemed
sufficient to justify two issues. An
arbitrary split between devices and
systems seemed natural enough at
the time, but now that we have the
“devices” issue ‘‘on the press”
and the '‘systems’’ issue in prepa-
ration, we are still not convinced
that we have all the devices papers
in this issue with the systems
papers in the next.

Our dilemma indicates a trend
toward a higher degree of system
involvement on the part of device
manufacturers, and this trend is
not limited to the microwave field.
For example, the advent of inte-

dilemma. ..

devices or systems?

grated circuitry coupled with com-
puter-aided design and computer
techniques has defined new roles
for device, circuit, and systems en-
gineers throughout the electronics
industry. (See the article by H.
Kihn, “The Impact of Integrated
Circuits on Engineering,” Vol. 13,
No. 3, Oct/Nov. 1967, RCA En-
gineer).

This idea was expressed another
way by Dr. George H. Brown in
the June/July 1967 issue (Vol. 14,
No. 1) of the RCA Engineer when
he described the present unifica-
tion as “a pulling together of the
separate disciplines, devices, sys-
tems, and applications which make
up the science and practice of
electronics.”

The authors in the present issue
give eloquent testimony that they
recognize the close tie between
devices and systems—a '‘reforma-
tion” currently revolutionizing the
microwave industry. Each micro-
wave device paper demonstrates
an acute awareness of the total
system environment surrounding
the device. The bulk of the papers
were contributed by authors from
the Microwave Device Operations
Department and Special Electronic
Components of Electronic Com-
ponents.

This close relationship between
devices and systems is further em-
phasized by the papers from the
RCA Laboratories, the Defense
Communications Systems Division,
the Advanced Technology Labora-
tories, and the Missile and Surface
Radar Division.

Special thanks go to Herb Wolk-
stein, Manager of TWT Product
Design and Editorial Representa-
tive for the Industrial Tube Division
at Harrison, N.J., whose careful
planning and initiative helped
produce an issue that documents
RCA’s lead position in the rapidly
changing microwave field.
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Future Issues

The next issue of the RCA Engineer features
Microwave Systems. Some of the tcpics to
be discussed are:

Microwave phased-array systems
Frequency-division multiplex equipment
Phased-array radars

Velocity extractor for missile radar
Millimeter wave applications

Integrated electronics for microwave systems
Mobile radio systems

Microwave phase shifters

Modern optics

Discussion of the following themres are
planned for future issues:

Interdisciplinary aspects of modern engineering
Lasers

RCA engineering on the West Coast

Linear integrated circuits

Consumer electronics

Computerized educational systems

Computers: the next generation
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Legal restraints on the
exportation of technical
data—an update

R. J. Modersbach

An authoritative article on the subject of legal restraints on the exportation of technical
data, by C. E. Yates, appeared in the RCA Engineer in 1964', and a short note appeared
later in the year? outlining several modifications to the restrictions that had occurred
since publication of the original article. Since that time, other modifications to the
various export regulations have been made, illustrating the fluid nature of these most
complex regulations. The purpose of this note is to briefly describe the current regula-
tions controlling exportation of technical data, and to remind the engineer of their

importance and broad nature.

HE TWO SETS OF LAWS AND REGU-
T LATIONS most pertinent to the ex-
portation of technical data are the
Mutual Security Act of 1954 with its
Regulations, pertaining to the so-
called Munitions List. and the Export
Control Act of 1949 with its accom-
panying Regulations. The Department
of State administers the relevant por-
tions of the Mutual Security Act,
while the Office of Export Control,
Department of Commerce, is respon-
sible for the Export Control Act. The
underlying Congressional objectives
in enacting these laws are to protect
the domestic economy, to further US
foreign policy, and to provide vigi-
lance over exports relating to the na-
tional security. Beyond the scope of
this note are the requirements relative
to classified technical data, special
clearances required by government
contract, exportation of commodities,
and restrictions imposed by the Patent
Act of 1953.

Technical data

The definitions given technical duta
are sufficiently broad to permit the
obscrvation that most technical papers
written by engineers will comprise
technical data as will, in many in-
stances, the subject matter of oral dis-
cussions involving technical matters.
Likewise, the definitions given to “ex-
portation” are equally broad. They
include:

Mailing or shipping technical data to a

destination outside the United States;

Carrying technical data by hand outside
the United States;

Reprint RE-15-2-12
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Disclosing technical data through for-
cign visits by American personnel (such
as, for example, through forcign visits
by RCA cmployees to visit their for-
eign counterparts or to participate in
conferences or symposia); or
Disclosing technical information to
foreign nationals in the United States
(such as, for cxample, employees of
RCA’s foreign subsidiaries and RCA
technical aid licensees, exchange visi-
tors. plant visitors, attendees at con-
ferences or symposia, and others who
are in the United States temporarily
on some other basis)

The release of technical data to for-
eign licensces under RCA technical
assistance agreements is administered
by International Licensing. Shculd
questions arise concerning written,
oral or visual communications with
licensecs, such questions should be
routed through International Licens-
ing or the Law Department.

Prior publication exception

If the material is technical data and is
intended for possible export, the car-
dinal question arises: “Can it be ex-
ported?”” Among the many exceptions
presently contained in the two sets of
Regulations is onc important excep-
tion which is contained in each and
which permits the exportation of tech-
nical data to any country without re-
striction. This exception relates to
unclassified data available in pub-
lished form. Such data can be ex-
ported when one or more of the fol-
lowing criteria are met:

1) Sold at newsstands and bockstores;

2) Available by subscription or pur-
chase without restrictions to any per-
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Roger J. Modersbach
Law Department
Princeton, New Jersey

received the AB from the University of Missouri
in 1958 and the LLB from the University of
Missouri School of Law in 1963. He practiced
with the Law Firm of Shughart, Thomson and
Kilroy in Kansas City, Missounn from 1963 to
1965, when he joined the RCA Law Department
in Harrison, New Jersey. Since February 1968, he
has been counsel for Astro-Electronics Division,
Graphic Systems Division and the Laboratories.
He is a member of the Missouri and American
Bar Associations.

son or available without cost 10 any
person;

3) Freely available at public libraries;
4) Data released orally or visually at
open conferences, lectures, trade shows
or other media open to the public; or
5) Granted 2nd class mailing privileges
by the U.S. Government (applies to
Munitions List items only).

This exception, which is appropriately
termed the “prior publication” excep-
tion, represents a liberalization of the
State Department Regulations since
the appearance of Mr. Yates’ articles
in 1964."% At that time, data could not
be released to Communist-controlled
countries, whether or not previously
published, unless a validated export
license was secured.
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Purely scientific information

Another important modification was
recently made to the Regulations of
the Office of Export Control. Effective
January 17, 1969, the three gencral
licenses for export of technical data
(GTDP, GTDS and GTDU) were
abolished and replaced by two general
licenses—GTDA and GTDR. The ef-
fect of general license GTDA is to per-
mit, without restriction, the export
of technical data which is exempted
by virtue of its prior publication or
which is purely scientific in nature,
viz., information not dircctly related
to design, production or utilization in
industrial processes. General license
GTDR, on the other hand, permits
only ccrtain restricted cxportation
under an exceptionally complex regu-
latory scheme. Without coverage

under one of these two general li-
censes, technical data controlled by
the Oflice of Export Control can be
exported only after a validated license
from that office has been securcd.

Conclusion

The above description of the export
restrictions on technical data is ad-
mittedly general and limited in scope.
Its purpose is threefold:

1) To update an important subject
which Mr. Yates previously treated in
great detail;

2) To make the enginecr aware of the
existence of the myriad and complex
obligations and requirements which
are imposed; and, conscquently,

3) To alert all employees who may be
involved in the exportation of tech-
nical data that proper guidance and
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Wit TIA/ G

approval from the Law Department
should be secured prior to such
exportation.

In many cases, these will be accom-
plished as a matter of routine by oper-
ation of applicable major operating
unit and divisional policies and pro-
cedures relating to technical reports,
presentations. etc. Under these pro-
cedures, the Technical Paper Ad-
ministrator (TPA) is the focal point
in initiating and sccuring required
approvals.
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Recent technical books
by RCA authors

Presented here are brief descriptions of technical books which have recently been
authored by RCA scientists and engineers, or to which they have made major contri-
butions. Readers interested in any of these texts should contact their RCA Technical
Library or their usual book supplier. For previous reviews of other books by RCA
authors, see the August-September 1967 and August-September 1968 issues of the
RCA ENGINEER. RCA authors who have recently published books and who were not
cited in these listings should contact the editors, Bldg. 2-8, Camden, Ext. PC-4018.

The lonosphere and its Interaction
with Satellites

M. A. Kasha
Research Laboratories
Montreal

It is useful to consider this book as com-
posed of two parts, the first consisting of a
simplified description of thc ionosphere,
not so much as a physical entity but rather
as an environment in which some system
is required to operate. An important con-
ponent of this part of the book is the series
of graphs showing the variation with alti-
tude (out to 100,000 km) of not only the
basic parameters of the ionosphere, but
also the derived functions. A chapter giv-
ing an elementary introduction to the sub-
ject of the transmission of waves through
the ionospheric medium can be classed
with this description of the environment.
The rest of the book is devoted to a discus-
sion of the various forms of interaction
that are possible between the ionospheric
medium and an artificial satellite. This
takes into account such problems as the
surface potential of the satellite, the exist-
ence of sheaths and wakes about such a
body, specific problems associated with
the passage of a satellite through the
earth’s magnetic field, and the behavior of
antennas in the anisotropic ionospheric
medium. (Gordon and Breach, Science
Publishers, Inc., N.Y., June, 1969)

MICHAEL KASHA graduated in 1957
from London University with a BSc in
Honours Physics. After a short time as
Lecturer in Mathematics and Physics at
the Harrow Polytechnic, he joined the
United Kingdom Energy Authority at Har-
well, to work in the Controlled Thermo-
nuclear Reactions Division. There he was
engaged on plasma physics studies, which
work was continued, in 1961, at the Cul-
ham Laboratory of the UKAEA, where he
worked on Tarantula, an experiment using
a 100 kV, 100 kilojoule machine. Mr.
Kasha joined the Research Laboratories of
RCA Limited in 1964, at which time was
engaged on studies of satellite interactions
with the ionosphere, using simulation
techniques in the Laboratory. He has since
continued in the field of satellite technol-
ogy and space science, with reference to
various satellite systems, especially the
ISIS series of satellites. He is an Associate
of the Institute of Physics (UK) and a
Member of the American Geophysical
Union.

An Introduction to the Luminescence

of Solids . oy
Humbolt W. Leverenz K E
Laboratories b=

Princeton, N.J.

| "
bl
Observations regarding luminescent mate-
rials are hundreds of years old. However,
an understanding of the process of lumines-
cence (as contrasted to the emission of
light due to temperature) has been reached
only within the last 30 years. The pres-
ent volume is particularly important in
gathering, integrating and evaluating these
data, offering a consistent system of ter-
minology, notations, and definitions. Not
simply an encyclopaedia of phosphors, it
is an casily followed introduction to the
area in terms of preparations, composi-
tions, structures, and physical character-
istics. Although this book is intended for
science graduates and nonspecialists in
luminescence, it will be useful as a text in
rraining future specialists and in aiding
scientists who wish to use phosphors for
detecting radiation. (This Dover edition.
first published in 1968, is an unabridged
and corrected republication of the work
first published in 1950 by John Wiley &
Sons, Inc.; price §4.50).

HUMBOLDT W. LEVERENZ graduated
from Stanford University in 1930 with the
BA. He studied Physics and Chemistry as
an exchange fellow of the Institute of In-
ternational Education at the University of
Mucnster, Westphalia, Germany, from
1930 to 1931. He joined the Electronic
Rescarch Group at RCA in Camden, N.J.
as a chemicophysicist in 1931, In 1938, he
transferred to RCA in Harrison, N.J.. and
in 1942 to RCA Laboratories at Princcton,
N.J., where he has been in charge of re-
search on electronically active solid mate-
rials. In 1954 he was named Dircctor,
Physical and Chemical Research Labora-
tory. In 1961 he was appointed Associate
Director of RCA Laboratories, a post he
held for five years, when he became a Staff
Vice President in 1966. Mr. Leverenz is a
Fellow of the American Physical Society,
the Optical Society of America, the IEEE,
thc American Association for the Advance-
ment of Science, and the American Chem-
ical Society. He is a member of the Swiss
Physical Society, Sigma Xi, and Phi
Lambda Upsilon. He has been issued 67
patents for his inventions, and has written
many technical and educational articles.
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Optical Properties and Band
Structure of Semiconductors
David L. Greenaway | Gunther Harbeke

RCA Laboratories, Zurich, Switzeriand

(photographs and biographies of the authors were
not available for this issue).

An introduction, from the experimental
viewpoint, to the study of the deep-lying
energy-band structure of semiconductors
from investigations of their optical prop-
erties. For the sake of completeness, there
is some discussion of the theoretical con-
cepts behind the experimental work, e.g.
theory of interband transitions, group
theorctical considerations, and classifica-
tion of e¢lectronic states. Potential reader-
ship extends over solid state physics and
electronics, materials science and theoreti-
cal physics. International Series of Mono-
graphs in the Science of the Solid State—
Volume 1. (Published by Pergamon Press,
Ltd., Elmsford, N.Y., 1968; price $9.00).

Planning for Effective Utilization of
Technology in Education

Dr. W. R. Bush
(contributor)
Instructional Systems
Palo Alto, California

This volume is the sixth in a series pre-
pared and edited by Edgar .. Morphet and
David L. Jesser who are directors of
“Designing Education for the Future: an
Eight-Statec Project” which is funded by
ESEA. Title V. Dr. Bush contributed a
chapter entitled, “Systems Analysis: A
Method for Logical Decision-Making”
(Bradford Printing, Denver, Colorado,
1968: price $2.00).

W. R. BUSH, Manager of Educational
Research and Planning for the Instruc-
tional Systems Division, received the AB
and MA from Brown University and the
PhD from the University of Rochester in
1954. On the faculty at the University of
Rochester, he taught graduate and under-
graduate courses in Physiology and Psy-
chology, and directed a research program
in Aerial Reconnaissance for the Air
Force. Dr. Bush joined RCA in 1956 and
has held a series of positions in Defense
Electronic Products from that date until
1967. In January, 1967, Dr. Bush
joined RCA Instructional Systems where
he has been responsible for studies in-
volving the usc of data processing systems
in instruction and school administration,
for developing functional specifications
for instructional systems products which
incorporate the requirements and needs of
the education community, and for the
preparation and implementation of study
and research contracts.

Forward Edge in American
Education, Book |: The New System
Dr. W. R. Bush (contributor)

(photograph and biography are given above)

This volume represents a series of papers
discussing education and the applications
of technology and has largely been sup-
ported by the Office of Education. Dr.
Bush contributed a chapter entitled,
“Applications of Systcms Managcment”
‘National Center for Educational Inno-
vation, Tempe, Arizona).
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Microwave operations—

an introduction

W. G. Hartzell

AND THE MICROWAVE DEVICES OPER-
ATIONS DEPARTMENT were born into
RCA Electronic Components with a
rich heritage of materials and process-
ing technology. This technology has
been vital to our growth and technical
success. Only with this foundation—
which also developed such revolution-
ary components as the camera tube
and the color picture tube—could we
have come as far as we have, and have
so many promising prospects for future
achievement.

S PECIAL ELECTRONICS COMPONENTS

In our fast-moving cra, however, we
cannot rely on what we already know.
We must continue to innovatc, using
both our existing technologies and
new ones synergistically, to produce
new components and to attain higher
standards of component performance.
[ sec this as the mission of the Micro-
wave Devices Operations Department
and Speccial Electronic Components
and 1 have attempted to provide that
type of direction. The articles in this
issuc illustrate quite well this approach
to the development of componcnts.

Microwave components, for example,
have always required the intimate
coupling of the active component with
the passive circuit. Only when this
coupling was achieved in such devices
as the klystron and magnetron, and
later in the traveling-wave tube, could
the microwave age begin. So the older
technologies of the vacuum tube were
blended with the newer microwave
circuit technologies to create new de-
vices and higher standards of compo-
nent performance.

This necessary blending of the two
technologics, however, brought on
additional technical challenges. Pri-
marily, it did away with our ability to
design broadbased components. the
plug-ins, so to speak. Each component
had to be designed with the ultimate
user in mind, because there is no such
thing as an all-purpose circuit. And, lo,
we were now required to be in the
circuit business.

Reprint RE-15-2-17
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This need for making specific devices
for specific customers brought us
closer to system problems and put us
squarely in the middle of strange new
interfaces. Our next step was to be-
come more expert in the technologies
of system packaging, power supplies,
and modulators. We also had to be-
come more sophisticated in the envi-
ronmental and space sciences. In some
cases, we solved technical and finan-
cial problems by supplying integral
power supplies and control circuits
directly with the component.

In the non-technical aspects of the
business, there have had to be parallel
adjustments and accommodations. The
salesman no longer has his catalog and
his warehouse stock list. His catalog
is the past accomplishments of our
business and his stock is the technol-
ogy and fast responsc of our opera-
tions personnel. He describes our
technological capabilities to the cus-
tomer, and once again we adjust and
innovate to satisfy new needs.

In many respects, our relationship
with the customer has changed to one
of junior partner rather than vendor.
This new relationship compels us to
run a customer's development pro-
gram at his pace, but not necessarily
at our optimum pace.

Just as our operations have success-
fully blended the two technologics—
that of the older vacuum tube and that
of the new microwave tubes—we arc
now offering industry and the govern-
ment new, useful, economically pro-
duced components that arc the result
of the newer technologies of the micro-
wave solid-state art, thermoelectricity,
and superconductivity. This process of
technological change is the great vital-
ity of the components business. This
change must begin here and continue
here if the electronic industry is to
achieve its full potential.

I am proud of the accomplishments
of our engineers told in the following
articles and hope this introduction will
add to your perspective and under-
standing as you read on.
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Witliam G. Hartzell, Mgr.

Microwave Devices Operations Department
{ndustrial Tube Division

Electronic Components

Harrison, N.J.

received the MSEE from Lehigh University and the
BS in Physics from Franklin and Marshall College.
From the time he joined RCA in 1950, he has had
a number of varied assignments. As an engineer
in the Industrial Tube Products Division in Lan-
caster, Pa., he worked on the design and develop-
ment of test equipment. As a manager in the same
division in Marion, Ind., he was responsible for
establishing a reliability engineering group and
reliability and control procedures. Back again in
Lancaster, he became an administrator in the
Power Tube Product Planning group. His next
assignment was as administrator of Market Ptan-
ning for the Microwave Tube Operations Depart-
ment in Harrison, N.J. He then moved up to the
post of Manager of Product Operations of the De-
partment. In this capacity, he directed a staff
engaged in planning and exercising production
controls and in the manufacture of RCA pencil
tubes, magnetrons, traveling-wave tubes, and solid-
state microwave devices. Mr. Hartzell was recently
appointed Manager of the Microwave Devices Op-
erations Department. Some of the products de-
signed and manufactured by the Department were
and are used in such equipment as weather radar.
ground microwave relay equipment, satellite trans-
mitters (the Relay satellite), airborne electronic
countermeasures equipment, and the voice trans-
mitters of the Project Mercury astronauts. Other
products are used in missiles and electronic count-
ermeasures systems, and still others are being pre-
pared for use in the coming Apollo moon project.
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A review of microwave
devices and their applications

F. E. Gehrke

This paper provides a survey of the microwave field in historical form. Starting first with
the gridded tubes of the World War II era through magnetrons, TWT’s, and amplitrons
to some of the recent (and future) developments in solid-state microwave devices. This
treatment serves well as an introduction to many of the microwave papers in this issue.

HE TREND OF FREQUENCY SPEC-
TTRUM UTILIZATION has been pro-
gressing upward in an exponential
manner over the past 50 years. Micro-
waves first experienced widespread use
in 1940 through the use of radar and
the development of the magnetron.
Initially associated with the military
needs of World War 1I, microwave
systems have today become a necessary
medium for commercial and industrial
applications, as well as military uses
in communications, surveillance, guid-
ance, navigation, telemetry, and a host
of others.

Table I lists major active microwave
devices. Tubes predominated as
sources of microwave energy at all
power levels and frequencies until
about 1960. During this time, practi-
cally all microwave systems were used
by the military. The rapid technologi-
cal advances in transistors and other
solid-state devices, primarily varactors
and tunnel diodes, opened the micro-
wave spectrum to these devices and
thus set the stage for the surge in
microwave system developments, both
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Final manuscript received May 14, 1969.

commercial as well as military, which
is under way today.

Table II lists the major military appli-
cations of microwaves, which span the
many types of radars and ECM systems
at frequencies covering L-band (1000
to 2000 MHz) to X-band (8000 to
12,000 MHz), as well as a variety of
IFF and communications systems.

Table II1 shows the applications of
microwaves in a rapidly growing com-
mercial/industrial market. Major non-
military uses of microwaves include
avionics systems such as weather-avoid-
ance radar, air-traffic-control trans-
ponders and interrogators, and% the
soon-to-be-operational collision-avoid-
ance systems for all commercial and
general aviation carriers. Non-avionic
commercial applications of micro-
waves for food processing and con-
trolled heating for a variety of
industrial processes will lead to an
industrial revolution in microwaves ex-
pected during the next decade.

Gridded tubes

In the decade beginning with World
War 11, vacuum tubes of many shapes
appeared on the electronic scene; each
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Fig. 1—State of the art in bulk devices compared with varactors and transistors.

Table [—Types of microwave devices.

Tubes

Gridded tubes
Magnetrons

Klystrons

Traveling-wave tubes
Backward-wave oscillators
Carcinotrons

Amplitrons

Crossed-field amplifiers

Solid-State Devices

Transistors

Tunnel diodes

Varactors (frequency multiplier—paramp)
Gunn devices (TEO’s)

Avalanche (IMPATT) diodes
Step-recovery diodes

Hot carrier diodes (Schottky barrier)

PIN diodes

shape was intended to improve tube
performance or integration into the
microwave system. Early techniques
for adapting tubes to microwave sys-
tems involved the transition from the
standard octal-socketed tube to dou-
ble-ended tubes and then to tubes in
which the internal elements were
brought out in a most direct manner
to sleeves and cylinders in order to en-
chance high-frequency performance
by reducing electron transit time, in-
ternal inductance, and capacitance.
The acorn, lighthouse, and pencil
tubes, in all of which RCA played a
leading part, are examples of this evo-
lution of the gridded microwave tube.

The RCA pencil tube, developed at
Harrison and first appearing in 1949,
is typical of triodes used at low power
levels from UHF through C-band. Ap-
plications for these tubes included the
ARC-34 Airborne Radio Communica-
tions equipment operating in the 225-
to-400-MHz frequency range and the
AMT-4 radiosonde weather tele-
metry transmitter used in the 1660-
to-1700-MHz range.

Magnetrons and klystrons

While these developments were taking
place with gridded tubes, other avenues
were also being followed. The need to
generate and amplify microwaves to
higher frequencies at higher power
brought on to the scene in rapid se-
quence magnetrons and klystrons.
These tube designs carried the work
going on with gridded tubes one step
further: the tuned circuit into which
they operated was made an integral
part of the tube structure. They de-
parted from gridded tubes in a most
important aspect: instead of transit
time being a limitation upon upper
frequency and power of operation,
transit time was used to advantage by
devising structures for increasing the
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interaction time for the tuned circuit to
act with the stream of electrons.

The magnetron, basically a single-fre-
quency free-running oscillator, has high
pulsed-power capability at high ef-
ficiencies and is still the lowest-cost
(dollars per kilowatt) transmitter tube
in the microwave field. These devices
can be mechanically tuned over a 10%
to 15% bandwidth.

The high-power form of the klystron
is used mostly as an amplifier to high
power levels, pulsed or cw, where ab-
solute control over frequency or phase
is retained by lower-level stages. Ef-
ficiencies are good, but not as high as
those of the magnetron; frequency and
power-handling capabilities are about
the same. The klystron, however, can
be electronically tuned over approxi-
mately a 20% bandwidth.

The reflex klystron is a specialized ver-
sion of the klystron which operates
only as an oscillator. It is highly fre-
quency stable and is capable of being
designed to operate at a very high
microwave frequency. It can also be
electronically tuned, but only over a
relatively restricted range (5%).
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_Table I[I—Military microwave systems.

Radar

Fire control

Search

Early warning

Acquisition

Guidance

Terrain avoidance (altimeters)
Mortar and personnel locating
Beacons

ECM (electronic countermeasures)
Evasive

Jamming

Deceiving

Decoy

ECCM

Table lll—Commercial Industrial microwave
systems.

Radio relay

Television

Phone

Teletype

Radar

Weather avoidance

Traffic control

Surveillance (airport)
Intrusion alarms
Radiosondes—Rocketsondes
Telemetry
Transponders—interrogators
Distance measuring equipment

IFF (ldentification—friend or foe)
Interrogators (airborne, ground, shipboard)
Transponders (airborne—hand carried)
Surveillance receivers

Altimeters

Data Link and Telemetry
Rocketsondes—Radiosondes

Communications
Satellite

Radio relay
Troposcatter

Altimeters
Collision-avoidance systems
Test equipment
Communication satellites
Accelerators (particle)

Industrial heating

Food processing
Material processing
Home kitchen appliances
Cooking

Fast thawing

TWT’s and backward-wave
oscillators

The traveling-wave-tube amplifier and
its close relative, the backward-wave
oscillator, were the next devices on the
scene to turn the previous limitations of
transit time to greatest advantage. The
helix-type interaction circuit used in
most low-power-level TWT’s, being non-
resonant, is limited in instantaneous
frequency coverage only by the ability
of the designer to devise input and out-
put coupling circuits of sufficient band
pass. Practical limitations allow an oc-
tave, although TwT’s with two and even
three-octave bandwidths have been
built. Gain also is high, and is limited
only by the ability of the designer to
suppress coupling of energy from the
output back to the input. Most TwWT’s
are designed for 30 to 40 dB of gain; 50
to 60 dB can be obtained over a more
restricted bandwidth.

The backward-wave oscillator is basi-
cally a Twrt in which coupling from the
output is allowed to re-enter the output.
Although it is not as frequency stable as
the reflex klystron, its advantage is its
ability to rapidly sweep electronically
an octave range of microwave
spectrum.

Carcinotron and amplitron

The carcinotron and amplitron are
basically special variations of the mag-
netron. The carcinotron is an electron-
ically tunable high-power oscillator.
Tuning speed is limited, and band-
widths are about 15%.

The amplitron can best be compared
to a locked oscillator in which output

varies with the amplitude of the injec-
tion frequency. Phase variations are
not followed, however, and therefore
the output is not a faithful replica of
the input. Gain is about 15 dB; power
levels are measured in kilowatts and
bandwidths are 10% to 15%.

Solid-state devices

The development of high-frequency
transistors, particularly the interdigi-
tated and overlay types, in the early
1960's made solid-state microwave de-
vices a reality. While they were initially
employed in low-frequency (below
1000 MHz) low-level cw applications,
these devices competed very effectively
with small gridded tubes in applica-
tions where size, warmup, power-
supply simplicity, and long life were
important system considerations. Al-
though they did not outperform vacuum
tubes in efficiency, cost, and environ-
mental capability, solid-state devices
nevertheless began to carve their
unique niche in microwave systems.

Varactors and tunnel diodes

Close on the heels of UHF and micro-
wave transistor development came
technological advances in varactors
and tunnel diodes. Varactors with ex-
tremely high cutoff frequencies allowed
the design of transistor and varactor
frequency multipliers to achieve micro-
wave power not yet attainable through
the use of transistors alone. Transistor-
oscillator multipliers (TOM’s) are now
being used as sources of microwave
power at frequencies between 2000 and
16,000 MHz for local oscillators and
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low-level cw transmitters (phased ar-
ray, portable radars and homing de-
vices, beacons, intrusion alarms, and
rocketsondes) where they compete
with triodes and reflex klystrons. Con-
tinued rapid developments in transis-
tors and varactors are advancing power
capabilities of these devices at any par-
ticular frequency at about 3 dB per
year.

Tunnel-diode amplifiers find extensive
use as low-noise, broadband amplifiers
in many radars and radio-relay links.
Their small size and relatively simple
circuitry make them a very attractive
substitute for the more expensive and
complicated parametric amplifiers and
traveling-wave tubes for microwave re-
ceivers in which their restricted dy-
namic range can be tolerated.

Bulk-effect and avalanche devices

Newest solid-state stars in the micro-
wave firmament are the bulk and
avalanche devices such as Gunn-effect
and avalanche (IMPATT) oscillators.
These devices promise to revolutionize
the microwave industry because they
not only represent the simplest, most
economical method of obtaining micro-
wave energy but also hold promise for
achieving truly monolithic microwave
integrated circuits of extreme minia-
turization and reliability. Current state-
of-the-art bulk devices and a
comparison of transistor and varactor
capability are shown in Fig. 1.

Hot-carrier diodes

Hot-carrier (Schottky barrier) diodes
are a recent development in low-noise
devices which are finding increased
usage in low-noise mixer applications.
These diodes are replacing tunnel-
diode amplifiers and parametric ampli-
fiers in many microwave systems
because of their low cost, simplicity,
and reliability. The current state-of-the-
art in hot-carrier diodes is 5.5 to 6.0
dB noise figure in S-band.

PIN diodes

PIN (p-intrinsic-n) diodes are used in
fractional-microsecond switching in
phased arrays for antenna switching at-
tenuation and limiting applications.
Such devices are superior to conven-
tional switching devices; a typical PIN
diode switch possesses 80-dB isolation
between ports and 2-dB insertion loss
and 15-nanosecond switching time.
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Organizing effectively to
resolve system/subsystem

interfaces

W. E. Breen | H. K. Jenny

Increasing system complexity and progress in circuit integration technology are
pushing the interface between the system and component designer deeper and deeper
into the system. This evolution requires increased cooperative efforts between system
and component designer, as illustrated by very dynamic interface movement. This
trend, as shown in this paper, is not limited to young and new technologies, but is
equally applicable to mature product lines when sufficient initiative is shown to remain

competitive.

ODAY’S AFFLUENT SOCIETY iS sup-
Tp:)rting the continued rapid expan-
sion of technology in its quest for
higher and higher living standards.
The equipment designer of yesterday
who surrounded himself with a host of
component catalogs from which he
chose the most suitable, standard, off-
the-shelf building blocks has given way
to the highly specialized systems re-
searcher and developer thinking in
terms of black boxes or functions
which comprise his vast and sophisti-
cated systems. He is no longer able to
involve himself in all the details down
to the individual component level, but
secks “functions” or black boxes capa-
ble of fulfilling specific and usually
rather complex tasks.

The component designer, on the other
hand, is now deeply involved in utiliz-
ing a new complex technology in com-
bining many individual components
into “integrated circuits”, such as those
shown in Fig. 1, which are capable of
performing complex functions. Thus,
the task of both system and component
designers has become more complex.

Microwaves—integrated circuits
through necessity

The :nicrowave tube engineer has been
involved in “integrated circuits” for the
past twenty-five years. Microwaves,
covering very high frequencies where
circtit dimensions become comparable
to wavelengths, were confronted by the
problem of parasitic elements in their
early childhood. Because it was not
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practical to decrease the size of the
elements utilized, the only solution to
this problem was to combine the tube
elements proper with the key circuit
clements. The now well-known micro-
wave tubes such as magnetrons, klys-
trons, wave tubes, and other special
devices were all functional oscillators
or amplifiers containing tube and cir-
cuit in one indivisible envelope. They
greatly facilitated the task of the
equipment designer; on the other
hand, because of the limitations of the
built-in circuits, they were highly lim-
ited in their usefulness. For example
(although at lower frequency) a tube
could be used as an oscillator for any
application in the range from audio to
high frequencies; yet many magnetron
types were needed to cover a range of
several octaves in the microwave band.

Microwave tube engineers were thus
among the pioneers of the “function”
or “integrated-circuit” concept. The
wide gamut of work ranging from ma-
terials technology through process de-
velopment to circuit design and systems
understanding has been a highly moti-
vating force attracting top scientific
and engineering talent and providing a
most challenging field of endeavor in
the microwave area.

The following examples illustrate how
several microwave operations are ser-
ving the systems designers by supplying
them with applicable subsystems.

Microwave solid-state devices are new
and young, pushing the state of the art
and very much in flux. In this opera-
tion, the creative applied research and
development engineer plays the lead-
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ing role. The moderately mature
traveling-wave-tube product line re-
quires the incorporation of new char-
acteristics to fulfill very specific system
performance needs which put the prod-
uct design engineer into focus. The
mature pencil-tube line covering coax-
ial microwave triodes matches avail-
able experience and customer needs
and thus puts the customer service en-
gineer into a key role.

Microwave subsystems—
general requirements

The change of product from a standard
component to a subsystem means that
the interface between system and com-
ponent designer has moved deeper into
the system by a substantial amount.
Fig. 2 shows, as an illustrative example,
the evolution of a radar system.

The interface is not a well-established,
fixed boundary, but a rather dynamic
one which must be defined in every
application and has a tendency to move
as the system develops and new prob-
lems appear.

The task of adequately describing the
interface is now one of the major and
most important tasks of the com-
ponent designer and a major contribu-
tor to the success of the program.
Accuracy in describing the desired
function, determined by an understand-
ing of the system and its operation, has
more bearing on cost and time required
to develop a usable product than tech-
nical difficulties.

A close relationship between system
and component designer characterized
by good communications, respect, and
trust represents the real key to success-
ful performance.

A most important factor in the success-
ful interplay is the realization that the
interface represents a dynamic bound-
ary which may move rather substan-
tially during the development phases.
The interface change may result from
improvements in system concept or de-
sign, elimination of unexpected prob-
lems, or new requirements, or it may be
caused by a change required by the sub-
systems designer to improve perfor-
mance, reduce cost, increase reliability,
etc. Only excellent communication be-
tween system and subsystem designer
allows satisfactory control over the in-
terface. Interface changes are often
dictated by the necessary compromise
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between required performance and
available time and funds.

Microwave solid-state subsystems

The microwave solid-state art is still
very young and is moving rapidly for-
ward. A typical characteristic of this
stage of evolution is that of the systems
designer visualizing all of the advan-
tages of performance published from
laboratory data suddenly being avail-
able as a mature, proven product. The
result is very often disillusionment and
sometimes even the resubstitution of a
tube for a solid-state device.

In this environment, the role of the
mature component manager and en-
gineer is the key to the successful de-
velopment of the useful function or
subsystem (rather than standard com-
ponent) which allows the system en-
gincer to evolve not only a newer, but
a better operating system. A rather
well-operating method allowing suc-
cessful introduction of very new and
advanced subsystems has been devel-
oped, as shown in Fig. 3, and can be
described as follows. The component
manufacturer has three activities work-
ing as a unit:

1) Microwave Applied Research
(MAR), a function staffed with creative
and highly motivated scientists backed
with the necessary facilities and sup-
portive stafl. Very specific areas are
vigorously pursued and the state of art
is constantly being advanced.!

2) Microwave solid-state device or sub-
systems product development, a func-
tion staffed with product-oriented
engineers (motivated to develop eco-
nomic, reliable, systems-oriented prod-

ucts) and strongly supported by
customer-oriented  applications engi-
neers.

3) Manufacturing, a function capable
of producing complex subsystems eco-
nomically upholding pertinent com-
ponent and quality control.

The first technical contact between the
customer designing a new system and
the Microwave Applied Research
(MAR) member usually keys the major
decision. Having understood the cus-
tomer’s requirements, MAR will, based
on the advanced efforts going on in its
laboratories, recommend a specific ap-
proach to fulfill these needs. If the cus-
tomer is reasonably convinced that this
high-quality technical center is avail-
able and capable of helping him, an ap-
proach will evolve in an atmosphere
of mutual respect and trust which will
yield the most desirable interface. A
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program is then developed leading
from conception of the function,
through breadboard and prototype to
final design and producticn phases.

Example No. 1—weather radar

New subsystems keep weather radar
equipment in leading competitive role.
The creative cooperative working re-
lationship between systems and com-
ponent (subsystems) organization is
illustrated by the cxample of the RCA
weather radar systems (starting with
the AVQ-10 and evolving into the
new AVQ-30).

When these systems were first devel-
oped, about 15 ycars ago, the compo-
nent manufacturer developed a long-
life magnetron substantially better (by
more than an order of magnitude) than
any product available at that date to
give the system one of its distinctive
advantageous characteristics.

After a few years of successful life, a
tunnel-diode amplificr, which could be

Fig. 1—Comparison of products
supplied by the component man-
ufacturer yesterday and today.
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ponent supplier: 1) systems concept and
early design; 2) development of subsystems
prototype;3) development of final subsystem;
4) production of final subsystem.

retrofitted into the equipment, was
supplied to increase the system value
through enhanced sensitivity and
range. Lately, the system has been
thoroughly modernized and a new sub-
system, a high-power solid-state switch,
has been added to eliminate the use
of a gas TR (one of the major remain-
ing causes of failure) and to increase
substantially the system life and relia-
bility. Replacement of the local oscil-
lator with a TEO (transferred-electron
oscillator) subsystem is planned. These
new subsystems are shown in Fig. 4.
Modern integrated system modules for
the receiver function are presently
evolving in the subsystems designers’
minds as continuing contributions to
keep RCA weather radar systems num-
ber one in the business and further ex-
tend their usage and life.

Example No. 2—component supplier provides
complex function

Subsystems of higher complexity can
be illustrated by the solid-state power

sources used in the LM (lunar excur-
sion module) and in a missile system®.
In the case of the LM power sources,
four slightly different subsystems rep-
resent the nucleus of the radars that are
used as altimeters, velocity sensors,
rendezvous functions, and transpon-
ders. The missile local oscillator is an
electronically tunable subsystem capa-
ble of full specified performance over
a most adverse environment. In these
applications, the systems designers
were faced with extremely demanding
performance requirements and most
rigid environmental and reliability
needs. These goals could best be met
by breaking the system down into
manageable, self-contained functions
which could be adequately specified
and evaluated.

In the case of the LM power sources,
four slightly different subsystems that
represent the nucleus of radars are
used as altimeter, velocity sensor, ren-
dezvous function, and transponder.
The missile local oscillator is an elec-
tronically tunable subsystem capable of
full specified performance over a most
adverse environment.

During the carly development of these
subsystems, the function requirements
increcased rather substantially from
those foreseen at the outset of the pro-
grams. The interface negotiation be-
tween system and subsystem functions
was quite dynamic and extended over
most of the development period.” Fig.
5 shows thesc subsystems.

Pencil-tube subsystems

The pencil-tube product line is techni-
cally highly developed and vaunts a
mature and long-established lineage of
coaxial microwave triodes. With a
solid engineering foundation, featuring
economy and reliability, the pursuit of
subsystems devclopment was able to
follow the shortest course to meeting
the system designer’s needs. A useful
product was achieved with a minimum
of original design and experiment.

Success was primarily attained through
a complete shakedown of the existing
organizational structure, which cen-
tered around the manufacturing ac-
tivity, to one which established the
customer-service engineer in the role
of program manager, as shown in Fig.
6. The key concept was the placement
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of the customer in the primary decision
responsibility and the pencil-tube op-
cration in the reactive role.

In his move to the forefront, the
customer-service engineer assumes as
his fundamental responsibility that of
determining the customer’s needs.
From this base, he proceeds to defining
the technical objectives of the program:

Accurately estimating the magnitude of
the interface problem;

Establishing the interface responsibility
between system and subsystem manu-
facturer and keeping liaison between
these organizations;

Developing product specifications and
evaluating the performance against the
program objective;

Providing mutual technical assistance
and assuring continued compatibility
with the systems dynamic needs and
problems; and

Documenting the test and performance
criteria and establishing the quality-con-
trol system required to insure unremit-
ting performance.

The design engineer makes no uni-
lateral attempts to enter new product
areas, but instead finds his primary
assignments to be reactions to the
customer-service engineer. Highly crea-
tive pioneer effort becomes secondary
to rapid, economical development of
useful prototypes. His success is mea-
sured by the number of starts required
to demonstrate a product that can be
moved into an early fabrication cycle
without having to be phased through a
special model shop or lab. Throughout
this process, the customer-service en-
gineer remains the responsible coordi-
nator between the customer and
engineering.

Upon achievement of the desired per-
formance, the design engineer com-
pletes the product documentation and
turns the project over to the production
engineer. The production engineer, in
addition to his normal control of cur-
rent volume product, has production
development responsibilities for all
new and/or modified products. He re-
acts rapidly to implement the necessary
methods, facilities, and personnel skills
to supply either pilot or production
quantities. All his activity requires
evaluation and approval from the
customer-service engineer.

The manufacturing group finds its
initial task easier because it has fur-
nished the early support to the design
engineer. The team effort of the pro-


www.americanradiohistory.com

duction engincer assisting the design
engincer and the use of the resources of
the manufacturing group in place of
the lab facilities allows expeditious and
economical transfer of responsibility.
The customer-service engineer still con-
trols the project by monitoring the
technical competence of manufacturing.

Example—pencil-tube transponder
subsystem

The Pencil Tube Operation had vast
experience in the manufacture of cw
cavity oscillators for the well-known
“weathersonde” and from this base had
developed an excellent pulsed ceramic
oscillator capable of a high rate of
modulation and narrow pulse opera-
tion." A project involving this product
with a customer’s needs showed the ad-
visability of moving the interface
decper into the system.

During the carly stages of the system
development, serious problems arosc
as a result of antenna output loading,
and the frequency stability and pulse
shape of the oscillator were adversely
affected. A study of the problem by
the subsystem design engineer re-
sulted in the development of a buffer
amplifier between the oscillator and the
antenna. Qutput loading was climi-
nated, power output was markedly in-
creased, and improved pulse and fre-
quency stability resolved the initial
problem.

At this time, unanticipated changes
WAVEGUIDE
FILTER

B+ FILTER
RF QUTPUT

TRANSISTOR AMPLIFIER .~
{UNDER QUADRUPLER)

QUADRUPLER'/
TRIPLER

CHASSIS
BASE PLATE
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were made in the system requirements,
but the close relationship and mutual
assistance atmosphere that existed with
the customer led to the rapid introduc-
tion of temperature-compensation ma-
terials into the oscillator. In addition, a
pc choke was phased inte the amplificr
cathode circuit to provide improved
centering of the risetime. The interface
had moved even deeper into the system.

A serious mating problem between the
oscillator-amplifier chain and the mod-
ulator arose, and again the subsystem
designer was able to evaluate the situa-
tion rapidly. The study revealed that
a redesign of the modulator was a more
cconomic solution than a redesign of
the chain. This redesign was accom-
plished by the subsystem designer and
transferred to the customer, who built
the new modulator. The integration
problem was solved.

Already work is well along by the sub-
system designer to develop an integral
modulator built into the existing os-
cillator without a major form-factor
change. The interface continues to
move deeper into the system as new
needs or complexities arise. The sys-
tems designer has been served. A
photograph of the present transponder
package is shown in Fig. 7.

Traveling-wave tube subsystems

Traveling-wave tubes, in age and ma-
turity, lie somewhere between solid-

ISOLATOR
-GROUNDING LUG
—=-DC INPUT

b

Fig. 4—Weather radar microwave subsystems: a) low-noise
RF amplifier; b) high-power solid-state transmit-receive switch;
¢) local oscillator.
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Fig. 5b—Electronically tunable missils local oscillator; photo and block diagrem.
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Fig. 6—Pencil-tube supplier-customer interaction.

Fig. 7—Transponder package including pen-
cil tubes and cavities.

state and pencil devices. Some of the
applications, especially those con-
cerned with commercial communica-
tions systems, are quitc mature and
handled much like pencil devices.

However, in the many military applica-
tions of traveling-wave tubes, innova-
tion is still a key requirement and the
interface between subsystem and sys-
tem is quite complex. Systems require-
ments necessitate very close control of
all operating parameters over ex-
tremely wide frequency ranges, and
very often the only practical solution
allowing reasonable manufacture is to
combine a member of critical com.
ponents interacting with the traveling-
wave tube itself into a subsystem. In
such cases, the design engineer who is
intimately familiar with the balance of
parameters versus characteristics plays
the key role in determining the con-
figuration of the subsystem and de-
fining the interface and specifications.

For example, in a commercial com-
munications system, the components
manufacturer may supply a traveling-
wave-tube envclope containing gun,
helical rF structure, and collector (bot-
tle), while the subsystem used for an
ECM application may include bottle,
coupling structures, beam-focusing
structure, limiters and filters, and volt-
age rcgulators, as shown in Fig. 8. In
this latter application, the component
manufacturer has relieved the systems
designer from the almost impossible
task of adjusting a great many variables
to achieve satisfactory performance at
the cost of many test hours and also
selection of matching components.

Fig. 9—Traveling-wave-tube ECM system
evolution.

The intimate understanding of the sys-
tems requirements by the component
designer often yields the beneficial re-
sult of simplifying the system, as shown
by the example of an electronic coun-
termeasures system utilizing a memory
loop.® As shown in Fig. 9, the perfor-
mance previously obtained from two
traveling-wave tubes (a driver and a
loop tube) were combined into a single
tube with resulting gains in cost, space,
weight. and power requirements. The
composite tube must now meet much
more complex requirements: mini-
mum gain and overdrive, interface for
input and output tube, gain contour to
complement delay-line loss, memory
storage capacity, and opcration at in-
creased power level.

Thus, the component manufacturer has
greatly eased the system designer’s task
of mating, optimizing, and balancing
many parameters to obtain adequate
systems performance. These proce-
dures are now carried out during the
subsystem fabrication cycle, where a
higher degree of parameter control is
possible. Again, the interface has
moved deeper into the system and more
value has been added to the component
designer’s functional product.
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Fig. 8—Traveling-wave-tube subsystem evo-
lution: a) TWT without focusing structure; b)
TWT with focusing structure; c) TWT with
power supply; d) TWT amplifier subsystem.
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The microwave applied
research laboratory

Dr. F. Sterzer

This paper describes the Microwave Applied Research Laboratory which supports the
various Product Design groups of Electronic Components with applied research work
on hybrid integrated microwave circuits, microwave subsystems, avalanche and trans-
ferred-electron power sources, ferrite devices, gas lasers, and electro-optic products.

Fig. i—Members of the Microwave Applied Res=arch Laboratory. Not present when the photo-

graph was taken were A. Brum, A. Ehrlich, Dr. A. Gobat, W. Klatskin, D. E. Neison, J. P. Pacz-
kowski, and Dr. J. F. Reynolds. C. Harper is on the RCA Laboratories marketing staff and does
R & D marketing for MAR. Reading from left to right are: first row: C. Harper, H. J. Kuno, K.
Pinkerton, M. Markutec, B. Perlman, V. Lawson, S. Legates, J. O'Brien, A. Rosen, A. San Paolo,
and J. Bienek; second row: B. Berson, F. Sterzer, R. Steinhoff, M. Schindler, and V. Mankovich;
third row: E. McDermott, T. Walsh, R. Paglione, L. Zappulia, W. Levin, H. Johnson, A. Presser,
W. Solomon, E. Mykietyn, L. Guarino, and D. Blattner; fourth row: L. Mackey, L. Carr, J. Collard,
S. Y. Narayan, E. Belohoubek, R. Kipp, W. Siekanowicz, D. Stevenson, L. Semenistow, R. Marx,
and C. Sun. Dr. Walsh is now Manager, Microwave Solid State Technology Center in Harrison.

W. Solomon has left RCA.

Dr. Fred Sterzer, Manager
Advanced Technology Laboratory
Electronic Components

David Sarnoff Research Center

Princeton, N.J.

received the BS in physics from the College of the
City of New York in 1951, and the MS and PhD
from New York University in 1952 and 1955. re-
spectively. From 1952 to 1953 he was employed
by the Allied Contro! Corporation, New York. Dur-
ing 1953 and 1954 he was an instructor in
physics at the Newark College of Engineering,
Newark, New Jersey, and a research assistant at
the New York University. Dr. Sterzer joined RCA in
1954. He 1s now Manager of the Advanced Research
Laboratory in Princeton and the Technical Programs
Laboratory in Somerville. His work has been in the
field of microwave spectroscopy. microwave tubes,
light modulators and demodulators, microwave
soird-state devices including parametric amplifiers,
harmonic generators, tunnel diode amplifiers and
frequency converters, microwave computing cir-
cuits, and bulk effect devices. Dr. Sterzer is authcr
of over 50 technical papers. He is a feilow of the
|IEEE and a member of Phi Beta Kappa Sigma Xi,
and the American Physical Society. He holds 19
patents in the microwave field.

HE ORIGINS of the Microwave

Applied Research (MAR) Labora-
tory date back to the years immediately
following World War II, when an
Advanced Deveclopment group was
formed in the Microwave Department
of the Tube Division in Lancaster. In
1950 the Microwave Department
moved from Lancaster to Harrison,
and the Advanced Development group
moved with it. The group remained in
Harrison until December 1956, when

Reprint RE-15-2-4 (ST-3917)
Final manuscript received May 7, 1969.

it moved to its present location in
Building 3 in Princeton to become the
first Applied Research Laboratory at
the David Sarnoff Research Center. At
the time of the move to Princeton the
laboratory consisted of a manager, six
members of the technical staff, and
three technicians, and occupied 1500
square feet of floor space. During the
past twelve years, the size of the lab-
oratory has more than quadrupled;
today it consists of a director, three
group leaders, fifteen members of the
technical staff, three research associ-

wwWwW americanradiohistorv com

ates. three technical staff associates,
fifteen technicians, and two secretaries
(sce Fig. 1), and occupies over 6600
square feet of floor space. In May of
1969, MAR was administratively sepa-
rated from the Microwave Department
and combined with the Technical Pro-
grams Laboratory. The head of the
combined laboratory reports to E. O.
Johnson, Manager Engineering, EC
Technical Programs.

The pleasant research atmosphere pre-
vailing at the David Sarnoff Research

15
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Fig. 2—Section of a microstrip transmission line. In a typical
transmission tine, the thickness of the ceramic is in the range
of 0.02 to 0.05 inch.
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Fig. 3—Sequence of steps involved in making microstrip cir-
cuits; note that every step in the fabrication process lends itself
to batch processing.

Fig. 4a—L-band transistor amplifier Pin=1
watt; P..t=7 watts; center frequency=1450-
MHz; bandwid<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>