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REVIEW OF TWT DEVELOPMENTS ABOVE 18 GHz

J. Martin Weekley
Hughes Aircraft Company
Electron Dynamics Division

P.O. Box 2999
Torrance, CA 90509

ABSTRACT

Hughes Aircraft Company - Electron Dynamics Division experience in providing 20 and
30 GHz TWTs for space application is summarized. Development programs for 25 and 50
Watt TWTs at 20 GHz are reviewed. A brief overview of development efforts at 40 to 44
GHz is presented.

INTRODUCTION

The worldwide increase in satellite communications has resulted in significant orbital
congestion at the lower frequency bands. This condition will only worsen in the near
future. Development of communications technology above 18GHz will allow access to
relatively unused bands and wider bandwidths. This will provide higher data rates and a
greater number of circuits. Special military considerations(1),(2) such as anti-jamming
requirements also compel access to wider bandwidths at higher frequencies. Therefore, it
is timely to review the progress that has been made in developing traveling wave tube
(TWT) technology above 18 GHz.

This paper begins with an overview of Hughes’ experience in designing and manufacturing
TWTs at these higher frequencies. Special attention is given to two current development
programs. A 25 Watt, 20 GHz TWT is being developed as a part of the Air Force Space
Division’s Generic TWTA Program for application on the MILSTAR Program. The
Generic Program emphasizes utilization of proven design concepts to maximize reliability
and manufacturability. The TWT will be manufactured on a Monitored Production Line
which is also being established under the Generic Program. The second program to be
reviewed in detail involves a 50 Watt, 20 GHz TWT. This multimode TWT development
is directed toward application in NASA’s Advanced Communications Technology Satellite
Program. Finally, the objectives of three major development efforts in the 40 to 44 GHz
range are briefly summarized.



OVERVIEW OF HUGHES EXPERIENCE ABOVE 18 GHz

Hughes has been involved in manufacturing TWTs for space application since 1960. A
2.5 Watt, 2 GHz TWT (designated the 314H) was developed for the Syncom satellite
which demonstrated the feasibility of geostationary satellites for space communications.
Since that time, power and frequency capabilities have continually increased. Table I
summarizes Hughes’ experience in production programs and development efforts above
18 GHz. The first K-band devices were manufactured for the Applications Technology
Satellite (ATS-6). This satellite, launched in 1974, carried both 20 and 30 GHz TWTs.
Subsequent major programs include a 4 Watt, 19 GHz device for the Japanese
Communication Satellite (CS-I) launched in 1977 and a large production program for an
upgraded 4 Watt, 20 GHz TWT, also for space application.

Table I. EXTREMELY HIGH FREQUENCY (EHF) HELIX TWT’S
FOR SPACE APPLICATION

Hughes has recently completed two development programs above 18GHz. A 10 Watt
TWT (Model number 950HA) capable of operation at either 23 or 32 GHz was developed
for Intelsat’s Inter-Satellite Link under Contracts IS-048 and IS-053. The design of this
device includes a type-M cathode and a two-stage depressed collector. A low perveance
gun provides excellent focusing as evidenced by a measured beam transmission of
98 percent at saturated output power. An overall efficiency of 35 percent has been
demonstrated.



A second development effort has been successfully completed with the delivery of two
TWTs providing 75 Watts peak output power at 34 GHz. Output power as high as
100 Watts has been demonstrated. This pulsed tube (Model 924H) is modulated by a
modified aperture grid and operates at 20 percent duty. The device focuses extremely well,
with beam transmission of 99 percent at saturated output power levels.

Having briefly reviewed Hughes experience above 18 GHz, two major development
programs currently underway will be discussed in detail.

25 WATT, 20 GHz TWT DEVELOPMENT

The first of two major development efforts to be reviewed involves the 25 Watt, 20 GHz
TWTA being developed under the sponsorship of the Air Force Space Division’s Generic
TWTA/Monitored Production Line Program (AF Contract F04701-82-C-0023). The
amplifier development is beyond the scope of this paper and only the TWT effort will be
discussed here. The design of the TWT (Model number 927H) will be developed, qualified
for space, and put into flight model production in 1985 at a one per month rate. Presently,
the electrical and mechanical design have been completed and parts procurement has
begun. Breadboard testing will commence later this year.

The operating band for this device is 19.6 to 21.2 with a saturated gain of approximately
50 dB. Gain flatness and AM to PM conversion are expected to be less than 1.0 dB and
6.0E/dB, respectively. The total DC input power for the TWT should be less then 77 Watts
with an overall efficiency of 32 percent.

The primary requirement for all devices developed under the Generic Program is the
establishment of a highly reliable and manufacturable design. Proven concepts are being
employed in all aspects of the design. The design is being developed in strict adherence
with the Generic Design Standard, a compilation of extremely conservative design criteria
and guidelines. Major features of the design include a coated type-M dispenser cathode
operating at I A/cm2 loading mounted in an unpotted gun (high voltage potting has thereby
been eliminated), a Beryllium-oxide (BeO) helix support structure heat shrunk in a
conventional way, and a two-stage depressed collector which also employs an unpotted
design. By selecting the type-M dispenser cathode in place of the oxide cathode and by
eliminating high voltage potting, the two major contributors to TWT failures have been
avoided.

The Generic Design Standard mentioned above is but one of ten different standards
developed under the Generic Program. These standards were developed through a
cooperative effort between Hughes and the Aerospace Corporation in order to more
effectively control the design, its analysis, and the manufacturing and testing of TWTs.



The Analysis Standard is a comprehensive detailing of the thermal and structural analyses
which are to be performed to verify the integrity of the design under all manufacturing and
thermal and dynamic operational environments. A major portion of the design evaluation
involves the empirical verification of theoretical predictions through an extensive
environmental testing program. The objective of this detailed analysis and testing program
is to assure a conservatively designed device with demonstrated margins of safety before
the device is put into full scale production.

Other standards define the Monitored Production Line itself, covering all aspects of
manufacturing and testing. In-process sampling and monitoring, control of production
facilities and equipment, and training and qualification of operators are defined, as well as
the formal quality, reliability, and configuration management systems which will be
employed on the program. Other detailed standards define both the testing to be performed
to verify performance and the test equipment configuration. In a separate effort, a
computer-driven 20 GHz test station is being developed. This will not only significantly
reduce testing time, but should enhance considerably both the accuracy and repeatability of
the measurements.

Through the establishment of these Generic Standards there can be developed and
produced a family of devices which are conservatively designed, highly reproducible and
manufacturable, with the greatest possible commonality of design features consistent with
specific program requirements.

50 WATT, 20 GHz MULTIMODE DEVELOPMENT

Numerous efforts are underway at Hughes at even higher power levels than discussed
above. In terms of new technology being developed at 20 GHz, the most significant of
these is the 50 Watt, 20 GHz multimode TWT(3). This tube (Model number 918H) is being
developed for the NASA/Lewis Research Center (under Contracts NAS 3-22333 and NAS
3-23345) and is designed for satellite communications systems requiring operation in the
frequency range of 17.7 to 21.2 GHz. The most interesting performance feature of this
device is its multimode capability. It is capable of operation at three different saturated
power levels: 5, 17 and 50 Watts. This on-command multimodle operation allows TWT
output power (and the resulting DC input power to the tube) to be optimized for the
particular propagation losses being encountered at a specific time. In this way, power
consumption and thermal power dissipation can be minimized in best-case conditions and
need only be increased during worst-case conditions. This multimode performance is
achieved at constant beam voltage through anode modulation of the beam current. In
addition to the three saturated output modes, operation at reduced input drive levels is
possible. This operating mode approximates small signal drive operation and results in
extremely low distortion performance.



In order to obtain good efficiency over this wide range of operating conditions, a five-stage
depressed collector has been developed. This design allows the electrons entering the
collector from the RF circuit interaction region to be collected in a highly efficient manner.
For example, in the high power saturated and backed-off modes, collector efficiencies of
88 and 94 percent, respectively, have been demonstrated. In order to suppress emission of
secondary electrons from the collector, titanium-carbide coated collector electrodes have
been incorporated into the design. Secondary suppression through the use of pyrolytic
graphite electrodes is also being investigated in conjunction with this program.

A tungsten helix supported by a BeO support structure was selected to assure an adequate
thermal design. A direct helix-to-waveguide transition was developed for the output
section, thereby eliminating the conventional helix-to-coaxial line-to-waveguide design. A
conventional design, with the relatively small center conductor in the coaxial section and
with the helix-to-center conductor weld joint, would have been exposed to significant
thermal stresses at this power level. The direct helix to waveguide transition provides both
an extremely conservative thermal design and an excellent output match.

A considerable effort was directed toward developing a helix support structure employing
diamond rods. Several TWTs were manufactured with diamond support structures and
these devices produced up to 75 Watts of output power at 19 GHz. While considerable
advances were made in the manufacturing technology required to implement this design,
the power handling capability of the conventional BeO support structure proved to be more
than adequate for this application. The diamond supported helix design is now being
implemented on an internal research and development program for a 50 Watt, 40 GHz
TWT. This effort is discussed below. The performance and design features of the
multimode tube are summarized in Table II.

Table II.  FEATURES OF THE 50 WATT, 20 GHz MULTIMODE TWT (918H)



DEVELOPMENT EFFORTS AT 44 GHz

In anticipation that the trend to higher frequencies will not stop at the 2 GHz bands,
Hughes is already looking forward to the next available communication band at 40 to 44
GHz. Three development programs in the 40 to 44 GHz range are presently being pursued
at Hughes. These efforts are directed at power levels of 25, 50 and 150 Watts respectively,
all designed for CW operation.

An internal research and development effort is directed toward a 50 Watt device operating
at 40 to 44 GHz. In order to provide high efficiency operation at these power levels, the
support structure for the helix will be fabricated from diamond. The design includes a
direct helix-to-waveguide transition as is used on the 50 Watt, 20 GHz device described
above. A DC model beam tester has been successfully tested to evaluate the gun design
and focusing structure. Fabrication of RF devices is now underway and testing will
commence later this year.

CONCLUSION

The dramatic increase in satellite communications during the last decade has resulted in
considerable interest in the higher frequency communications bands in order to relieve
congestion in the lower freqeuncy bands and because of the advantages greater bandwidths
offer. Hughes has had considerable experience in providing 20 GHz TWTs for space
application, beginning in 1974 with 20 and 30 GHz devices for ATS-6 and continuing to
the 4 watt production program currently in progress.

TWT development programs have been successfully completed recently for 10 Watts at
both 23 and 32 GHz and also for 75 Watts at 20 percent duty and 34 GHz. Major
development efforts at 20 GHz include a 50 Watt device for NASA/Lewis and a 25 Watt
TWT for MILSTAR. The latter device is being developed on the Air Force Space
Division’s Generic TWTA Program which includes the establishment of a Monitored
Production Line for TWT manufacture. This effort will result in significant improvements
to TWT reliability and manufucturability through improved control of design and
manufacturing disciplines.

Continuing development programs in the 40 to 44 GHz range at power levels up to 150
Watts will assure the evolution of the technology base required to provide high reliability
TWTs for space application at frequencies well above 20 GHz for the next decade and
beyond.



REFERENCES

1. Frediani, D.J., “Technology Assessment for Future MILSATCOM Systems: The EHF
Bands”, Project Report DCA-5, Lincoln Laboratory, M.I.T., Lexington, MA, April,
1979.

2. Frediani, D.J., Stevens, M.L. and ZoInay, S.L., “Technology Assessment for Future
MILSATCOM Systems: An Update of the EHF Bands”, Project Report DCA-7,
Lincoln Laboratory, M.I.T., Lexington, MA, October, 1980.

3. Heney, J.F. and Tamashiro, R.N., “A 20 GHz, 75 Watt, Helix TWT for Space
Communications”, Proceedings of 16th Annual Electronics and Aerospace
Conference and Exposition, Washington, D.C., September 19-21, 1983.


