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EXTREMELY HIGH FREQUENCY (EHF)
TECHNOLOGY DEVELOPMENT

MAJOR THURSTON C. HOLLEY
HQ SPACE DIVISION

LOS ANGELES AFS, CA 90009

I. INTRODUCTION

The most common projected deficiencies for military satellite communications users
are greater anti-jam protection and additional capacity and/or channelization. To a first
approximation, these deficiencies are being addressed by moving service to the EHF
frequency band in the late 80’s and early 90’s. However, significant technology
development and demonstration are necessary if we are to provide reliable
communications with high confidence at these frequencies. The generic technologies
presently under investigation or planned for the near term include power amplifiers,
adaptive antennas, and hardened processors. The plan is to design pilot transponders
incorporating these technologies that will be placed in orbit to demonstrate the technology,
assist in terminal development and testing, develop and verify operational concepts, and
provide initial residual EHF service to selected users.

II. TECHNOLOGY DEMONSTRATIONS

There is a tendency to be quite conservative in the selection of technologies to be
used in future communication satellites due to the long design life times of these systems.
Consequently, there is considerable pressure to demonstrate with high confidence that a
technology is in fact proven. To this end, hardware components are subjected to extensive
design margin and reliability testing. Also, the component development planning is
approached from a systems perspective. This planning includes system level
demonstrations with these demonstrations conducted on orbit where appropriate.

The pilot transponder target for the wideband segment will operate at a center
frequency of 30 GHz on the uplink and 20 GHz on the downlink. It is presently targeted to
provide service to high data rate (average channel data rate of 100 MBps), mostly large,
fixed terminal users and medium data rate (average channel data rate of 2.4 KBps), mostly
small, mobile terminal users. The details of the transponder have not yet been decided. The
most likely candidate configuration based on present thinking and the assumptions upon
which present technology efforts are based are as follows:  The transponder employs a



time division multiple access (TDMA) scheme and uses autonomous uplink nulling. We
anticipate this transponder will be placed on orbit as a package on a host spacecraft in the
FY 85-86 time frame or be launched on a modified DSCS III in the FY 87-88 time frame.
Also, technology development to support an evolution of the DSCS system to provide
significant 30/20 GHz service in the mid-90’s, will begin in FY 81 and 82. We project this
DSCS IV system to incorporate fully autonomous uplink nulling, use radio frequency (RF)
or intermediate frequency (IF) switching for high data rate users and baseband processing
for the low data rate users, use TDMA as the primary access scheme, and employ satellite-
to-satellite crosslinking.

The pilot transponder for the mobile/tactical segment will operate at frequencies of
44 GHz on the uplink and 20 GHz on the downlink. It will employ a hybrid frequency
division/time division multiple (FDM/TDM) access scheme on the uplink and TDM access
on the downlink and use very fast frequency hopping as the spread spectrum technique. It
will employ some type of spatial antenna discrimination on the uplink and a single hopped
beam on the downlink. It will use baseband processing for approximately 70 simultaneous
channels and incorporate satellite crosslinks. We anticipate this payload to be launched on
a host spacecraft in the FY 85-86 time frame. System requirements or projections for
technology are tabulated in Table I.

III. SPACECRAFT COMPONENT TECHNOLOGY DEVELOPMENT

The technology developments in power amplifiers are concentrated at 20 GHz and
both solid state and traveling wave tube (TWT) technologies are under consideration. The
adaptive antennas address both uplink nulling and downlink beam hopping and/or scanning
and both active aperture and multiple beam are viable technologies. The generic processor
functions being considered are anti-jam despreading/respreading and baseband processing.
The processors are to be used in modern architectures involving multiple processor
systems.

Power Amplifiers

Traveling wave tube technology is proceeding with two primary thrusts. One
initiative is to increase the lifetime and the confidence we have in our lifetime predictions.
The second initiative is to develop successful EHF tube designs that meet our lifetime
requirements. To address the lifetime confidence problem, we are attempting to address
the problem of a suitable cathode, a viable lifetime test program, and a reliable screening
procedure to identify defective tubes. We are supporting tube developments at both 20 and
40 GHz. The 20 GHz program has two noncompatible objectives. One objective is to
develop, within a short time, a tube of nominal power (25 watts) employing essentially
state-of-the-art technology. The second objective is to produce a high power (75 watt)



TABLE I   CHARACTERISTICS OF PROJECTED PAYLAODS

TECHNOLOGY REQUIREMENTS LAUNCH (FY-YR) MULTIPLE ACCESS FREQUENCY (GHZ) PROCESSING ANTENNA FEATURES

up down up down up down

Wideband (Near Term) Late 80’s TD TD 30 20 None Nulling TBD

Mobile/Tactical Mid 80’s FD/TD TD 44 20 Baseband Spatial
Disc

Hopped

Wideband (Far Term) Mid 90’s TD TD 30 20 If Switch
and Baseband

Auto Null-
ing

TBD



tube, employing techniques that are on the forefront of technology, with a far more relaxed
schedule. The 25 watt tube is targeted for a 30/20 GHz transponder to be deployed on an
upgrade to the DSCS III satellite system and the Strategic Satellite System. The higher
power tube is targeted for the next evolution of the DSCS.

To circumvent the lifetime problems that we are having with TWT’s we initiated
several solid state developments. Present predictions indicate that most future SATCOM
requirements can be satisfied by solid state devices. The majority of our present efforts use
the Impact Ionization Avalanche Transit Time (IMPATT) diode technology in injection
locked oscillator circuits. we are pursuing developments at both 60 and 40 GHz using
silicon IMPATTS and we are using Gallium Arsenide (GaAs) IMPATTS at 20 and
40 GHz. The Gallium Arsenide Field Effect Transistor (GaAs FET) technology is looking
very promising at 20 GHz. We have recently joined NASA in 20 GHz GaAs FET
transmitter development. Present developments are, in general, meeting our goals, but
require more work in the areas of efficiency, bandwidth, and temperature stability. The
power output goals of these efforts and our perception of the state-of-the-art are included
in Table II.

TABLE II.   SOLID STATE DEVICE
ASSESSMENT

FREQUENCY IMPATT DIODES
POWER OUTPUT (WATTS)

GALLIUM ARSENIDE FET
POWER OUTPUT (WATTS)

PRESENT GOAL PAR TERM
PREDICTION

PRESENT GOAL FAR TERM
PREDICTION

20 Ghz

40 Ghz

160 GHz

1.0

0.8

0.8

6.0

1.0

1.0

10.0

4.0

2.0

0.5

0.0

0.0

1.5

0.0

0.0

2.0

0.5

0.0

We are presently embarking on a new initiative to achieve high output powers from
solid state sources. The combining technique we are using attempts to individually feed
antenna elements and spatially combine the radiated power by phase manipulation.
Inherent in this approach is the potential for multiple, adaptive beams. Also the life limiting
aspect of this amplifier/antenna are the solid state modules and our efforts will include a
significant reliability verification program. We are planning hardware developments at
20 GHz (30-40 watts) and 60 GHz (10-20 watts). The following table tabulates present
space segment targets for our amplifier efforts at 20 GHz.



TABLE III  20 GHz SPACE SEGMENT
AMPLIFIERS

Primary

Secondary

DSCS IIIU STRATSAT TACSATCOM II DSCS IV

IMPATT LOW RISK
TWT

ACTIVE
APERTURE

GaAs FET

Low Risk
TWT

Active
Aperture

IMPATT HIGH POWER TWT

Antennas

The antenna technologies we are pursuing are concentrated on agile beams on the
downlink and spatial discrimination on the uplink. The uplink antennas consists of first a
7-beam, frequency division multiple access (FDMA) compatible antenna capable of
nulling and operating at a carrier frequency of 44 GHz. The second uplink antenna is a
single, switched beam that is compatible with time division multiple access (TDMA),
autonomous nulling, and operation at carrier frequency of 30 GHz. The downlink antennas
are of two designs, both of which are to be active apertures operating at 20 GHz. One
design features a phased array forming a single psuedo random hopped beam. The second
design will features simultaneous, independently steered, multiple beams, ie., two to four
beams.

Processors

We expect that the explosion of microprocessor technology will result in most
spacecraft functions being placed under processor control. This means that there will be
several on-board processors in each future communications satellite. Consequently, we are
beginning to consider the inplications of a multiple processor subsystem and the host of
problems that it spawns. First, we are attempting to determine the optimum mix of
processing system autonomy and ground control. A closely allied, but different, problem is
to determine a multiple processor architecture that is an optimum choice between lowest
system implementation cost simultaneously with the highest degree of fault tolerance and
self healing. These architectures run the gamut from a master-slave system exhibiting
centralized control from the dedicated master to a fully distributed system including
distributed control and parallel processing. We are also concentrating on reducing the risk
of implementing hardware to process projected waveforms and data rates. These projected
requirements are driven by giga bit data rates, giga hertz wide spread bandwidths, and
interleaving. These requirements must be met with hardware that is radiation hard and
requires little prime power and volume.



We are projecting that space segments placed on orbit in the mid to late 80’s will
utilize a master-slave architecture with centralized control exercised by the master. The
master will be considerably influenced by ground command. We anticipate that space
segments placed in orbit in the mid to late 90’s will use a distributed type architecture
where by, there will be a master processor exercising central control. However the master
will not be different from the other processors and any processor in the system could be
the master at the command of the ground controller, we also expect little to no dependence
on ground commands for normal misssion modes.

III  SUMMARY

The movement to EHF frequencies will require significant technology development.
Also the correct operation and reliability of this technology will have to be demonstrated
with high confidence. Consequently, a systems approach through development and on orbit
testing would clearly meet these in the mid to late 80’s. The component technologies for
these systems include TWT and solid state amplifiers, adaptive antennas featuring uplink
nulling and downlink beam hopping, and anti-jam and baseband processing.
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