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The ACTS Multibeam Antenna

Frank A. Regier

Abstract—The Advanced Communications Technology Sat-
ellite (ACTS) to be launched in 1993 introduces several new
technologies including a multibeam antenna (MBA) operating
at Ka-band. The satellite is introduced briefly, and then the
MBA, consisting of electrically similar 30 GHz receive and 20
GHz transmit offset Cassegrain systems—both utilizing orthog-
onal linear polarizations, is described. Dual polarization is
achieved by using one feed assembly for each polarization in
conjunction with nested front and back subreflectors, the grid-

ded front subreflector acting as a window for one polarization

and a reflector for the other. The antennas produce spot beams
with approximately 0.3 degree beamwidth and gains of ap-

" proximately 50 dbi. High surface accuracy and high edge taper
produce low sidelobe levels and high cross-polarization isola-
tion. A brief description is given of several Ka-band compo-
nents fabricated for ACTS. These include multifiare antenna
feedhorns, beam-forming networks utilizing latching ferrite
waveguide switches, a 30 GHz HEMT low-noise amplifier and
a 20 GHz TWT power amplifier.

I. INTRODUCTION

HE Advanced Communications Technology Satellite
(ACTS), planned for launch in early 1993, will pro-
vide a demonstration of several new technologies.

ACTS was conceived in 1979 to help maintain U.S.
leadership in satellite communications, and a number of
proof-of-concept contracts for critical technologies were
awarded in the following years. In 1984 the ACTS prime
contract was awarded by NASA to RCA Astro with a ma-
jor subcontract being awarded to TRW for the Multibeam
Communications Package (MCP). In 1987 GE acquired
RCA Astro and early in 1988 took the MCP subcontract
in-house.

A number of experimenters have expressed an interest
in making use of the special features provided by ACTS,
and at present a 2-year experiment period following launch
has been funded. The satellite carries enough fuel to
mdintain station-keeping for 4 years, and it is possible
that the experiment period will be extended.

It is the purpose of this article to acquaint the reader
with the ACTS Multibeam Antenna (MBA) and associ-
ated Ka-band microwave components. We begin, how-
ever, with a general description of the satellite.

II. Tue ACTS SATELLITE AND TRANSPONDERS

ACTS is designed to be launched by the space shuttle
and has been assigned an orbital slot at 100 degrees W.
longitude in geostationary orbit. Fig. 1 is a photograph of
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" Fig. 1. Photo of accurate model of ACTS—Prominent are the solar panels '

and the 20 GHz transmit (left or west side) and 30 GHz receive multibeam
antennas, including main reflector, nested front and back subreflectors and
feed assemblies. Also visible are the steerable beam antenna on the South
side and Ka-band tracking, telemetry and command antennas on the North
side. A C-band TT&C omni antenna can also be seen atop the transmit
subreflector assembly -

an accurate model of the spacecraft in its deployed, on-
orbit, configuration. Prominent on the spacecraft are the
receive and transmit MBA’s, offset Cassegrain antennas
with 2.2 and 3.3 meter diameter main reflectors, respec-
tively. On-orbit the spacecraft is oriented so that the re-
ceive reflector is on its east side and the transmit on the
west. On the north and south sides are solar panels, which
rotate about the spacecraft once each 24 hours so as to
keep their surfaces facing the sun.

Also visible are three other antennas. On the south side
of the spacecraft is the 1.1 meter diameter steerable beam
antenna which, though having lower gain than the MBA,
can be directed toward any part of the earth’s surface vis-
ible from the satellite and beyond the horizon to low-earth-
orbit. The maximum slewing rate for this antenna is 1
degree/minute—high enough to track the space shuttle.
On the north side are two single-reflector Ka-band anten--
nas with beamwidths broad enough to cover the continen-
tal U.S. These are used for tracking, telemetry and com-
mand (TT&C). Finally, atop the transmit subreflector
assembly can be seen the C-band omni antenna—also a
TT&C antenna, to be used. in transfer orbit and also as a
backup during normal operation.

During launch the main reflectors, the solar array panels
and the C-band omni antenna are all stowed in a more
compact and rigid configuration.

When the satellite is in operational orbit the attitude
control system makes use of momentum wheel assemblies
and magnetic torquers to maintain three-axis stabilization
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[1]. When the transponders are operational, error signals
derived from an autotrack system are supplied to the at-
titude system processor to meet the 0.025-degree pointing
accuracy requirement. At other times an earth-sensor as-
sembly provides error signals to maintain a lower degree
of pointing accuracy.

Key features of the ACTS system are: the use of on-
board processing and switching, the use of rapidly
switched multiple-spot-beam antennas, the use of Ka-band
transmission—making possible the utilization of wider
bandwidths than are available at lower frequencies but also
entailing greater susceptibility to rain-fade attenuation,
and the use of rain-fade compensation.

Aside from the MBA and Ka-band components, the
ACTS technologies new to a communications spacecraft
are: a microwave switch matrix with 900 MHz band-
width, a baseband processor with memory, and adaptive
rain-fade compensation utilizing burst-rate reduction and
forward error correction, independently invoked on uplink
and downlink.

Fig. 2 is a block diagram of the ACTS Multibeam
Communications Package. This package consists of re-
ceive and transmit multibeam antennas, which are the
subject of the next section, and four transponders. The
transponders consist of 29-30 to 3-4 GHz downconvert-
ers, either of two types of switching, and 3-4 to 19-20
GHz upconverters with TWT output amplifiers.

No more than three transponders will be used at any
time, the fourth constituting a spare. ,

Either of two switching modes may be used [2]. These
are the microwave switch matrix and the baseband pro-
cessor (BBP). Both normally utilize a time-division mul-
tiplexed signal with a 1-millisecond frame interval and
serial minimum-shift keying (SMSK). SMSK is spectrally
efficient, having a null-to-null bandwidth of 1.5 times the
symbol rate. It also has a constant envelope, making pos-
sible the use of saturated amplifiers.

The microwave switch matrix normally operates in
conjunction with the three trunking beams—Cleveland,
Atlanta and Tampa. The system is designed to operate at
220 Mbps SMSK, but other rates are also possible. This
mode involves no storage or regeneration of signals, so
the transponders may handle other types of modulation as
well.

In the alternate mode, the baseband processor demod-
ulates and stores received signals from each of two hop-
ping beams. A baseband switch within the BBP intercon-
nects two uplink with two downlink beams by routing data
from input to output storage locations. The data is sub-

- sequently read out of storage, modulated, and transmitted
on a downlink beam. The data rate is typically 110 Mbps.

Although BBP switching is more complex than IF
switching, it offers several advantages [3]. Its ability to
reconfigure message routing makes it more efficient in us-
ing system capacity in situations with many isolated ter-
minals, and it also makes possible the use of forward er-
ror-correction and burst-rate reduction to compensate for
rain-fade on particular paths.
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Fig. 2. Block diagram of the ACTS Multibeam Communications Package.

III. THE MULTIBEAM ANTENNA

The ACTS MBA consists of two offset Cassegrain an-
tennas, one transmit and one receive, and an antenna sup-
port assembly. The two antennas are nearly identical
RF-wise, with the larger 20 GHz transmit main reflector
having a diameter of 3.3 meters and the smaller 30 GHz
receive reflector a diameter of 2.2 meters. Aside from a
common antenna support assembly each antenna consists
of three major sections: a main reflector, an assembly
consisting of one front and one back subreflector, and a
pair of feed assemblies, one having horizontal, and the
other vertical, polarization [4].

‘Because of its high strength, light weight, and low coef-
ficient of thermal expansion, graphite epoxy finds wide
use in the MBA. The entire MBA weighs about 900 1b
(408 kg) with the antenna support assembly, fabricated
from graphite epoxy tubes with titanium fittings, making
up about half this weight.

The basic geometry of the two antennas is shown in
Fig. 3.

ACTS utilizes the frequency ranges 29.0-30.0 GHz
uplink and 19.2-20.2 GHz downlink. Re-use of the same
frequency band without interference is made possible, in
some cases by spatial separation of low-sidelobe beams,
and in other cases, where beams need to be in close prox-
imity, by the use of orthogonal polarizations.

ACTS is an experimental prototype of an operational
communications system and incorporates three different
types of beam: 3 fixed or trunking beams, 13 switched
spot beams, and 34 switched triplet spot beams. The
trunking beams, which usually operate in conjunction with
the microwave switch matrix, achieve isolation through
spatial separation. The triplet and spot beams normally
operate in conjunction with the baseband processor and
are designed to provide continuous coverage of two ad-
jacent scan areas constituting about 20% of the area of the
continental US, as well as additional isolated metropoli-
tan areas. This coverage is shown in Fig. 4, which also
shows an example of the larger-area but lower-gain cov-
erage of the separate steerable-beam antenna. The polar-
ization shown is uplink. Downlink polarization is in all
cases orthogonal to uplink.

The use of spot beams makes possible antenna gains
about 20 db’s higher than would be possible for a single
beam covering the continental U.S. In the scan areas and
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Fig. 4. Geographical coverage of ACTS Multibeam Antenna—example of
steerable antenna beam also shown. Polarizations indicated are uplink.
Downlink polarizations are opposite.

between scan spots, beams are switched by switching feed
horns—in a manner analogous to switching between high
and low beams in an automobile headlight. In the case of
continuous scan area coverage, triangular triplets of three
feed horns are used, and one horn may at different times
be a constituent of more than one beam. ’

Because the transmit and receive antennas are offset
from the spacecraft in opposite senses, the transmit and
receive antenna patterns, though similar are not identical.
Scanning away from boresight causes some gain loss—
about 2 db for West Coast beams.

A. Reflectors and Subreflectors

The ACTS MBA incorporates a total of six main re-
flectors and subreflectors. High surface accuracy of these
reflectors is critical to the RF performance of the MBA.
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The largest of these units is the 3.3 meter 20 GHz transmit
main reflector. This was formed on a precision mold and
consists of 6-ply graphite epoxy front and back facesheets
separated by a kevlar honeycomb core. The reflector shell
is supported by a backing rib structure of similar construc-
tion. This reflector weighs about 80 1b (36.4 kg) and has
an rms surface accuracy of 3 mils (0.075 mm). The 30
GHz receive main reflector is similar in construction,
weighs about 30 1b (13.6 kg), and has the same surface
accuracy. The transmit and receive back subreflectors are
also similar in construction but are; of course, hyperbo-
loidal rather than paraboloidal. ' :

The construction of the front subreflectors is very: dif-
ferent. Because the front subreflector is required to trans-
mit RF at one polarization and to reflect the orthogonal

' polarization, it is necessary to make the basic reflector as

transparent to RF as is consistent with mechanical rigid-
ity. The front subreflector shells are formed from Astro-
quartz facesheets and nomex core, each shell having a
thickness of approximately three-quarters of a wavelength
at the frequency in question. There is no ribbing behind
the central section of the subreflector, but a peripheral rib
provides rigidity. Each front subreflector has formed cop-
per gridding on its front facesheet to serve as a polariza- -
tion-selective reflector. The 2-way insertion loss of each-
front subreflector is below 1 db. Reflection loss is about
1/4 db. ' ‘

It was at one time planned that the reflecting surfaces
of the main reflectors and the back subreflectors should
be metallized. However, it -has been determined that the
conductivity of the bare graphite surface is high enough
to ensure ‘adequate performance. To limit temperature ex-
cursions the reflecting surfaces of all reflectors and sub-
reflectors are coated with low-insertion-loss thermal paint.

‘Fig. 5 is a photograph showing a portion of the MBA
during testing. Clearly seen are the nested front-and back
transmit and receive subreflectors, the receive main re-
flector, and also three of the four feed assemblies. In-
cluded in the photo is some non-flight material, such as
bubble wrap on the antenna support assembly and tooling
balls in the apertures of some of the feed horns.

B. Feed Assemblies and Beam-Fbrming Networks

The four feed assemblies. are basically graphite epoxy
boxes containing a number of Ka-band components, in-
cluding beam-forming networks (BFN’s), feed horns, and-
the latching ferrite switches which are found both in the
BFN’s and elsewhere in the feed assemblies. Also in-

-cluded are the electronics boxes needed to drive the ferrite

switches. Each feed assembly operates with a single po-
larization. To provide both vertical and horizontal polar-
ization, transmit and receive, requires four feed assem-
blies.

A transmit BFN is a waveguide network whose func-
tion is to receive RF power at a single waveguide junction

- and deliver it divided 3-ways but in-phase, to a selectable

triplet of waveguide flanges.
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Fig. 5. Photo showing a portion of the ACTS MBA during testing—visible
are the 2.2 meter receive main reflector, transmit and receive nested front
and back subreflector assemblies and 3 of the 4 feed assemblies. Antenna
support assembly tubes are covered with bubble wrap, and there are tooling
balls in the apertures of some of the feed horns.

A receive BFN operates in the reverse sense, equally
weighing in-phase input signals from a selectable triplet
and combining them into a single signal at an output
waveguide flange.

Each BFN consists of a 3-way power divider (or com-
biner), sections of waveguide with bends and step-twists,
and ferrite switches. The BFN is designed so that all RF
path lengths are accurately matched to insure in-phase op-
eration of all horns in a triplet beam. The West BFN’s
provide 19 flanges and make possible the selection of 22
triplet beams while the East BFN’s use 12 flanges to make
possible the selection of 12 beams. The BFN’s were fab-
ricated under a subcontract with Electromagnetic Sci-
ences of Norcross, GA.

Fig. 6 is a schematic diagram of the transmit West BFN
and spot beam network. The receive West schematic dia-
gram is identical. Fig. 7 is a photo of the engineering
model of the receive. West BEN. The 3-way power di-
vider, gold-plated electroformed copper waveguide sec-
tions, ferrite switches, waveguide loads, and triplet
flanges can all be seen. Also visible are the flex cables,
low characteristic impedance, parallel flat-conductor
transmission lines, used to provide the high-current pulses
required to operate the ferrite switches.

The 3-way power dividers are 6-port networks with 2
of the ports being internal resistive loads. This is analo-
gous to the use of a magic-T with a matched resistive load
on the series port (a 4-port network) as a 2-way power
divider, to provide a better match than is possible with a
simple waveguide T. The ferrite switches are latching
3-port waveguide circulator switches whose sense of cir-
culation is established by the polarity of a current pulse
through a single latching wire loop. These switches have
low insertion loss (about 0.1 db), low mismatch loss, and
better than 18 db isolation across a 1 GHz bandwidth.
Insertion loss is about 1 db for the 30 GHz receive BFN’s
and is lower for the 20 GHz transmit units.

3-way —
— power
divider [~

RF
output
from
TWTA

New Orleans
Memphis
Dallas/Ft. Worth
White Sands

— Denver
Phoenix
San Fracisco
Steerable antenna

olndicates ferrite switch

Fig. 6. Schematic diagram of transmit West Beam-Forming Network—re-
ceive west is similar.

Fig. 7. Photo of engineering model of Receive West Beam-Forming Net-
work—visible are the 3-way power divider, electroformed waveguide sec-
tions, ferrite waveguide switches and 19 feed horn flanges. The flex cables
used to transmit latching current pulses to the ferrite switches can also be
seen.

The feed assemblies incorporate three different types of
feed horn [4]. These are illustrated in Fig. 8. Not shown
are the transitions from rectangular to circular waveguide.
Fig. (8a) shows a multiflare horn designed to provide the
circularly symmetrical primary pattern needed to provide
efficient illumination of the reflector. This horn is used
for the three trunking beams and provides an edge taper
of —17 db at +13 degrees, resulting in very low sidelobe
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Fig. 8. Diagrams of the three types of Transmit Feed Horns.

levels, more than 30 db below peak at 2 half-power beam-
widths from peak. A multiflare horn was chosen in pref-
erence to either a dual mode horn or a corrugated horn,
both capable of good symmetry, because of the narrow
bandwidth of the former and the weight and manufactur—
ing difficulties of the latter.

Fig. 8(b) shows the multiflare horn designed for the
scan spot beams. It is similar to the trunking horn, except
for an edge taper of —10 db at +13 degrees. The scan
array horns, Fig. 8(c), are simpler single flare horns with
an edge taper of about 3 db. '

C. Gain and Efficiency

The expected peak gains of the transmit and receive
spot and trunking beams range from 48 to 54 dbi, with
the lower gains being for West Coast beams, where the
‘scanning loss is greater. The minimum gain, transmit and

receive, over the entire East and West scan sector areas -

is expected to be about 47 dbi.
The expected efficiency of the antenna is of the order
of 50%.

IV. OTHER Ka-BAND COMPONENTS

A number of new 20 and 30 GHz components have been
developed specifically for ACTS. In addition to those al-
ready described in conjunction with the MBA, these are:
- a 30 GHz low-noise amplifier, a 20 GHz travelling-wave
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tube power amplifier, and 20 and 30 GHz waveguide fil-

- ters. These are briefly described below.

- A. 30 GHz Low-Noise Amplifier

The ACTS low-noise amplifier contains a 3-stage high-
electron-mobility transistor (HEMT) amplifier which, to-
gether with a diode-ring mixer and associated units, com-
prise the downconverter, whose function it is to translate
the 29-30 GHz received signal to a 3-4 GHz IF.

The HEMT’s are made by GE Electronics Laboratory

‘and are one-quarter micron gate AlGaAs /GaAs units. The

individual HEMT’s have a noise figure of 1 db maximum
and a gain of 11 .db minimum. All are from the same lot
but thé quietest are selected for the first stages.

Each 3-stage amplifier has a rated noise figure of
3.4 db, beginning-of-life, and 3.6 db, end-of-life, and a
gain of 20 db. '

B. 20 GHz Travelling-Wave Tube Amplifier

The ACTS downlink power amplifiers are Watkins-
Johnson WJ3712-4 TWT’s. The performance of this tube
is optimized for data communication. The tube operates
in the saturated mode with a power output of at least
46 W and a gain of over 50 db. This tube has a dual-stage
depressed collector and an M-type dispenser cathode ca-
pable of a 10-year life. It has an efficiency of greater than
42%.

C. Waveguide Filters

The receive image/beacon reject filter is a cascade of a
reduced-width waveguide for image rejection and a 4-pole
circular cavity waveguide filter of invar construction to
reject the so-called uplink fade beacon—actually a down-
link beacon on the spacecraft, used to facilitate ground
measurement of uplink frequency propagation conditions.
This filter has an insertion loss of léss than 0.2 db from
28.9-30.0 GHz and a rejection of greater than 35 db from
21.9-23.0 and at 27.505 GHz.

The transmit waveguide filter is a cascade of a
6-section, electroformed copper waffle-iron band-pass fil-
ter and an invar 3-pole circular cavity notch filter. It has
an insertion loss of less than 0.5 db from 19.2-20.0 GHz
and rejections of greater than 50 db from 0-13 GHz,
greater than 40 db at the downlink telemetry and beacon
frequencies of 20.185 and 20.195 GHz, and greater than
50 db in the 29.0-30.0 GHz uplink communications band.

V. CONCLUSION

The expected growth in satellite communications in the
coming years will require the extension of existing capa-
bilities. ACTS represents an important advancement in
these capabilities in several respects, and it is anticipated

:that ACTS will provide an important impetus to the future

use of the Ka-band and multibeam antennas in commu-
nication satellites.



1164

(1]

2]

B3]
4]

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 40, NO. 6, JUNE 1992

REFERENCES

J. C. Grabner and W.. F. Cashman, ‘‘Advanced Coimmunications
Tectinology Satellite: System description,” in IEEE Global Commu-
nications Conf: Rec., vol, 1, Dec. 1986, pp. 559-567.

F. M. Naderi and S. J Campanelld, ““NASA’s Advanced Communi-
cations Techinology Satellite (ACTS)—An overview of the satellite, the
network and the underlying technologies,”” in 12th 'AIAA Int. Com-
munication Satellite Systems Conf. Rec., Mar. 1988, pp. 204-224.

R. Moat, *ACTS baseband processing,” in IEEE Global Telecom-
miunications Conf. Rec., vol. 1, Dec. 1986, pp. 578-583.

Y. H. Choung and W, C. Wong, ‘‘Multibeam antenna design and de-
velopment for NASA Advanced Communications Technology Satellite
(ACTS),”’ IEEE Global Telecommunications Conf. Rec., vol. 1, Dec.
1986, pp. 568-573. )

Frank A. Regier was born in Montgomery, WV
in 1928. He received the B.A. degree in mathe-
matics from Bethel College in Kansas in 1948, the
B.S. and M.S. degrees from the University of
California at Berkeley in 1955 and 1957, respec-
tively, and the Ph.D. from Yale University in
1968, all i electrical engineering.

He worked as an electronics technician at
Boeing Airplane Co. in Wichita, KS, and subse-
quently in the U.S. Army during the Korean War.
From 1957 to 1964 and from 1968 to 1984 he was

a faculty member in the Department of Electrical Engineering at the Amer-
ican University of Beirut in Lebanon.

Since 1985 Dr. Regier has been with the ACTS Project Office at the

NASA Lewis Research Center in Cleveland, OH.




