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Dual-Band Multiple Beam Antenna System Using
Hybrid-Cell Reuse Scheme for Non-Uniform Satellite

Communications Traffic

Jim Wang, Sudhakar K. Rao, Minh Tang, and Chih-Chien Hsu

Abstract—An advanced dual-band antenna system suitable for broad-
band satellites that is capable of providing higher EIRP, higher G/T, and
improved copolar isolation among frequency reuse beams is presented. The
antenna system employs a hybrid-cell frequency reuse scheme instead of
conventional fixed cell reuse (4-cell or 7-cell) in order to efficiently use spec-
trum based on traffic demands. It is shown that the advanced antenna em-
ploying high-efficiency horns and shaped reflectors provides about 1.0 dB
EIRP improvement, 2.0 dB G/T improvement, and 3.0 dB improvement in
C/I when compared to conventional antennas.

Index Terms—Dual-band horns, high efficiency horns, reflector an-
tennas, satellite antennas.

I. INTRODUCTION

There has been a significant growth in the broadband communi-
cations satellite market in the recent past. These systems provide
communications among several users that are spread over a given
coverage region by using multiple overlapping spot beams. Communi-
cations among users is established through the hubs and the satellite.
The users within the coverage region establish two-way communi-
cations links with other users via the satellites and the hubs through
forward (hub uplink and user downlink) and return (user uplink and
hub downlink) links. This requires that each spot beam on-board the
satellite needs to support simultaneously Ka-band uplink signals and
K-band downlink signals that are spread over large bandwidth ratio
of about 1.64. This communication discusses advanced dual-band
antenna system employing dual-band high efficiency horns (DBHEH)
[1], shaped reflectors, and use of hybrid-cell reuse scheme [2] that
provides significant improvements in RF performance and efficient
traffic distribution within the coverage region.

II. HYBRID-CELL REUSE SCHEME

Fig. 1 shows typical layout of the multiple beam antenna (MBA) in
the deployed view of the spacecraft. It employs four multiple reflector
apertures, where by each reflector is fed with multiple horns producing
about one fourth of the total number of spot beams. The beams from the
four reflectors are interleaved on ground with hexagonal grid layout and
providing contiguous spot beam coverage from a given orbital location
of the satellite.

Conventional layout of the beams using a 4-cell fixed reuse scheme is
shown in Fig. 2. There are 45 spot beams covering CONUS from 105
W orbital slot, each with a diameter of 0.7� and with adjacent beam
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Fig. 1. Typical MBA spacecraft layout.

Fig. 2. Conventional MBA using 4-Cell reuse.

Fig. 3. MBA using proposed “hybrid-cell” reuse.

spacing of 0.6�. RF performance of each beam needs to be evaluated
by expanding the beam diameter including satellite pointing error. Al-
ternate beams are generated from the same reflector. A total of 16 chan-
nels are used with each beam carrying four channels on the four-cell
re-use pattern using cells A, B, C, & D. The disadvantage with this ap-
proach is that each beam has the identical capacity independent of the
population density and demand, carries a total of 180 channels that are
too many to support for any spacecraft, and requires a large number (12
for this example) of hubs on the ground.

The hybrid-cell reuse scheme, shown in Fig. 3, overcomes most of
above limitations of the fixed-cell reuse scheme. Each beam has desig-
nations of the beam number, hub number, and specific channel numbers
it is using out of the 16 available channels (8 channels are left-hand
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circularly polarized and the remaining 8 channels are right-hand cir-
cularly polarized). It employs a 4-cell reuse scheme for the densely
populated areas such as east-coast and west-coast and an N-cell reuse
scheme �� � �� for the low population regions of the contiguous US
(CONUS). All the east-coast and west-coast beams with high popu-
lation density carry 4 channels each, while the beams located in the
mid-west, north, and south-west of CONUS with low population den-
sity carry 1 to 3 channels each depending on the population and traffic
demand in these beams. This method provides capacity in each beam
based on the traffic demand, requires only 107 total number of chan-
nels that can be supported by several spacecrafts in the industry, and
demands only 8 hubs to support both forward and return channels.
The hybrid-cell reuse scheme provides tremendous flexibility in the
beam/channel layout, and provides better overall antenna carrier-to-in-
terference ratio (C/I) for the beams. The C/I is the aggregate value
where all the copolar and cross-polar interferers are added in power
and compared to the carrier within the beam.

III. DUAL-BAND ANTENNA

The MBA shown in Fig. 1 employs four graphite reflectors, each
being fed with about 12 horns to generate about 12 beams. The an-
tenna has to support downlink beams at K-band (20 GHz) and uplink
beams at Ka-band (30 GHz). Conventional antennas are designed with
reflector size meeting the desired beam size at the downlink K-band.
However, the uplink beams at Ka-band are 50% smaller than the down-
link beams due to larger electrical size of the reflector and suffer from
lower edge-of-coverage (EOC) gain, increased gain loss due to pointing
error, and suffer from large peak-to-edge gain variation and lower C/I.

Advanced MBA design for the dual-band antenna employs the fol-
lowing design features to achieve significant performance advantages
at both bands.

• High-efficiency dual-band horns [1], [3] with more than 82% effi-
ciency at both bands (conventional corrugated horn has about 54%
efficiency) to provide more illumination taper on the reflector re-
sulting in improved EOC gain and lower sidelobes that improve
C/I on the downlink;

• Shaped reflector surface to broaden the receive beams to improve
EOC gain, reduce peak-to-edge variation, and improve C/I on the
uplink beams. The shaping will have minimal impact on downlink
beams EOC gain;

• Stepped-reflector to generate a flat-top receive beam and improve
G/T performance;

• Use of hybrid-cell reuse scheme to provide non-uniform traffic
based on the population density, to reduce the number of required
hubs, and to improve C/I.

The high efficiency horn (HEH) employs TE1m type modes (TE12,
TE13, TE14, TE15 etc.) in addition to the dominant TE11 mode to
make the aperture illumination more uniform resulting in higher effi-
ciency. The DBHEH typical geometry is shown in Fig. 4 and it employs
five “slope-discontinuities” to generate the desired higher order modes
in order to achieve high efficiency of �82% at both bands. The horn
geometry is synthesized using the mode-matching analysis of discrete
step-junctions combined with a generalized scattering matrix (GSM) to
evaluate the horn performance. Fig. 5 shows performance of DBHEH
compared to other conventional horns, such as corrugated and Potter
type horns. Note that the Potter horn model is ideal and can not be re-
alized in practice due to its bandwidth limitations. These primary pat-
terns are used to evaluate the secondary patterns of an 80 in. offset
reflector antenna. The reflector surface is shaped mainly to broaden
the receive beams and thereby improving the radiation patterns at Rx
frequencies. The edge of coverage gain and worst case C/I of the an-
tenna beams are evaluated by enlarging the beam size to account for
the satellite pointing error of ��� ����� i.e., using 0.8� beam instead

Fig. 4. Typical geometry of DBHEH using “slope-discontinuities”.

Fig. 5. Aperture efficiency and edge taper comparison of various dual-band
MBA horns.

TABLE I
RF PERFORMANCE COMPARISON OF PRIMARY AND SECONDARY PATTERNS OF

THE DBHEH WITH CONVENTIONAL CORRUGATED HORN

of the nominal 0.7� beam. The carrier-to-interference ratio (C/I) is cal-
culated in an aggregate manner that includes power addition of all the
copolar interferers coming from several adjacent beams that re-use the
same frequency as the carrier and also cross-polar interferences. Table I
summarizes performance comparison of the MBA with DBHEH and
conventional corrugated horn. The DBHEH improves the EOC gain by
about 0.9 dB at Tx and by about 2.0 dB at Rx, and improves the Tx C/I
by about 3.0 dB.
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Fig. 6. Concept of “Stepped Reflector Antenna”.

Fig. 7. Near-field phase distribution of the SRA at Rx frequencies.

Fig. 8. Computed DMBA patterns of the SRA showing “flat-topped” beam
with increased EOC gain.

The DMBA performance can be further improved by the use of
Lockheed Martin’s patented “stepped-reflector antenna” (SRA) tech-
nology [4]. The SRA concept is illustrated in Fig. 6 where it employs
an outer annular region that is stepped relative to the central region.
The height of the stepped region is designed in conjunction with the
DBHEH feed phase characteristics at the Rx frequencies in order to
provide a 180 degree phase reversal in the stepped region resulting in
a “flat-topped” receive beam with improved EOC gain. Both central
and outer annular regions can be shaped to improve the overall RF
performance and the transition region can be blended smoothly near
the stepped region to avoid abrupt discontinuities.

The computed near-field phase patterns of the SRA plotted in
Fig. 7 show the 180-degree phase reversal at Rx frequencies near the
transition region of the step. As a result, the Rx beam patterns com-
puted in Fig. 8 show “flat-topped” radiation patterns with increased

Fig. 9. Computed EIRP contours of MBA.

Fig. 10. Computed C/I contours of Tx MBA.

EOC gain. EOC gain improvement at Rx band is about 1.2 dB rela-
tive to the conventional reflector. The feed horn will have a quadratic
error across the reflector aperture due to the fact that it is typically
aligned with the reflector such that the Tx phase center coincides with
the focal-plane of the reflector. The Rx phase center will be away
from the focal-plane and inside the horn which results in a quadratic
phase front across the reflector aperture. This property could be uti-
lized to reduce the step height from quarter wavelength to less than
quarter length depending on the DBHEH design. The reduced step
size eases the fabrication of the shaped reflector blending the smaller
step smoothly into its surface.

By combining the fed quadratic phase variation and the phase varia-
tion due to the stepped region, the height of the step can be minimized
allowing the stepped region to be blended with the reflector shape. The
SRA concept works well for wide angle coverage regions like CONUS
and achieves significant improvements in Rx gain, Rx C/I, Tx C/I,
and moderate improvement of Tx gain when compared to a reflector
without the step region. Typical computed EIRP and C/I patterns of the
spot beams over the CONUS coverage are shown in Figs. 9 & 10, re-
spectively. The EIRP is weighted to give higher values over the rain
regions and the C/I values are better than 18 dB on the average. The
coverage region is not shown in Fig. 9 for those beams with EIRP com-
putations for better clarity.

IV. SUMMARY AND CONCLUSION

An advanced multiple beam antenna that provides communications
traffic based on the population density and demand is presented. It
employs a hybrid-cell frequency reuse scheme to provide non-uniform
traffic distribution. By employing dual-band high efficiency horns,
shaped reflectors, and stepped-reflector with annular region, it is
shown that significant improvement of the order of 1.0 dB for EIRP,
3.0 dB for G/T, and 3.0 dB for C/I can be achieved over conventional
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MBA designs. It is feasible to provide limited on-orbit reconfigura-
bility for future satellites in terms of number of channels per beam
by using switch matrices at the payload repeater level. The trades are
the flexibility versus added complexity of the switch matrices and its
associated losses.
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A Low Cross-Polarization Smooth-Walled Horn With
Improved Bandwidth

Lingzhen Zeng, Charles L. Bennett, David T. Chuss, and
Edward J. Wollack

Abstract—Corrugated feed horns offer excellent beam symmetry, main
beam efficiency, and cross-polar response over wide bandwidths, but can
be challenging to fabricate. An easier-to-manufacture smooth-walled feed
is explored that approximates these properties over a finite bandwidth.
The design, optimization and measurement of a monotonically-profiled,
smooth-walled scalar feedhorn with a diffraction-limited �� FWHM
beam is presented. The feed was demonstrated to have low cross polariza-
tion ( 30 dB) across the frequency range 33–45 GHz (30% fractional
bandwidth). A power reflection below 28 dB was measured across the
band.

Index Terms—Feeds, horn antennas, millimeter-wave antennas.

I. INTRODUCTION

Many precision microwave applications, including those associated
with radio astronomy, require feedhorns with symmetric �- and
�-plane beam patterns that possess low sidelobes and cross-polariza-
tion control. A common approach to achieving these goals is a “scalar”
feed, which has a beam response that is independent of azimuthal
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angle. Corrugated feeds [1] approximate this idealization by providing
the appropriate boundary conditions for the ���� hybrid mode at the
feed aperture. Alternatively, an approximation to a scalar feed can be
obtained with a multimode feed design. One such “dual-mode” horn is
the Potter horn [2]. In this implementation, an appropriate admixture
of ���� is generated from the initial ���� mode using a concentric
step discontinuity in the waveguide. The two modes are then phased to
achieve the proper field distribution at the feed aperture using a length
of waveguide. The length of the phasing section limits the bandwidth
due to the dispersion between the modes. Lier [3] has reviewed the
cross-polarization properties of dual-mode horn antennas for selected
geometries. Other authors have produced variations on this basic
design concept [4], [5]. Improvements in the bandwidth have been
realized by decreasing the phase difference between the two modes by
�� [6], [7].

To increase the bandwidth, it is possible to add multiple concentric
step continuities with the appropriate modal phasing [8], [9]. A varia-
tion on this technique is to use several distinct linear tapers to generate
the proper modal content and phasing [10], [11]. Operational band-
widths of 15–20% have been reported using such techniques. A re-
lated class of devices is realized by allowing the feedhorn profile to
vary smoothly rather than in discrete steps. Examples of such smooth-
walled feedhorns with �15% fractional bandwidths exist in the litera-
ture [12], [13].

In this work, we describe the design and optimization of a smooth-
walled feed that has a 30% operational bandwidth, over which the
cross-polarization response is better than �30 dB. The optimization
technique is described, and the performance of the feed is compared
with other published dual-mode feedhorns. The feedhorn described
here has a monotonic profile that allows it to be manufactured by pro-
gressively milling the profile using a set of custom tools.

II. SMOOTH-WALLED FEEDHORN OPTIMIZATION

The performance of a feedhorn can be characterized by angle- and
frequency-dependent quantities that include beam width, sidelobe
response and cross-polarization. Quantities such as reflection coef-
ficient and polarization isolation that only depend on frequency are
also important considerations. All of these functions are dependent
upon the shape of the feed profile. In the optimization approach
described, a weighted penalty function is used to explore and optimize
the relationship between the feed profile and the electromagnetic
response.

A. Beam Response Calculation

The smooth-walled horn was approximated by a profile that consists
of discrete waveguide sections, each of constant radius. With this ap-
proach, it was important to verify that each section is thin enough that
the model is a valid approximation of the continuous profile. For pro-
files relevant to our design parameters, section lengths of �� � �����
were found to be sufficient by trial and error, where �� is the cutoff
wavelength of the input waveguide section. It is possible in principle to
dynamically set the length of each section to optimize the approxima-
tion to the local curvature of the horn. This would increase the speed
of the optimization; however, for simplicity, this detail was not imple-
mented in our study.

For each trial feedhorn the angular response was calculated di-
rectly from the modal content at the feed aperture. This in turn was
calculated as follows. The throat of the feedhorn was assumed to
be excited by the circular waveguide ���� mode. The modal con-
tent of each successive section was then determined by matching
the boundary conditions at each interface using the method of James
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