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Abstract—This contribution presents preliminary results of
a 1.8-m reflectarray antenna proposed to generate a complete
multi-spot coverage for transmission in broadband satellite
communications in Ka-band. The antenna is designed
according to a recently validated design method of
reflectarrays which allows to produce four adjacent beams per
feed by discriminating simultaneously in frequency and
polarization. The simulations consider 27 dual-polarized feeds
to illuminate the reflectarray, so the 1.8-m reflectarray is
expected to generate 108 beams separated 0.56 degree at two
frequencies and two polarizations. The concept enables a
reduction in the number of antennas and feeds required on
board geostationary communication satellites to provide multispot coverages in Ka-band.
Index
Terms—beam
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antennas,
reflectarrays, single feed per beam, high throughput satellites.
I.

INTRODUCTION

In recent times, the communication geostationary
satellites are experiencing a continuous shifting towards
broadband services in Ka-band. The HTS systems employ
multiple spot beam antennas on board the satellite to increase
the transmission capacity while the available bandwidth
remains unaltered [1]. The existing geostationary HTS
include between 50 and 100 overlapping spot beams with a
frequency and polarization reuse scheme based on four
colours (using two frequencies and two polarizations) [2].
The most common solution for the antenna subsystem
consists on the use of reflector antennas, which allow to
operate simultaneously at both transmit (Tx) and receive
(Rx) frequency bands with the same antenna aperture.
Typically, the reflectors operate with a single-feed-per-beam
(SFB) architecture, offering high-gain pencil beams through
a well-known mature technology. The SFB configuration
implies a simple hardware architecture with good electrical
performance. The main drawback of this solution is that
conventional reflectors cannot provide closely spaced beams,
so that adjacent beams are produced by interleaving the
beams generated by different reflectors. As a result, the
antenna farm typically requires four reflectors illuminated by
bulky feed arrays. Each reflector generates all the beams in
the same colour (same frequency and polarization), since no
spot has a neighbour with the same colour.

Different attempts have been made to propose an antenna
payload solution suitable to generate a complete multi-spot
coverage with a single aperture [3], using direct radiating
arrays [4] or a single oversized reflector [5]. However, the
SFB architecture presents advantages with respect to the
previous configurations in terms of simplicity, feasibility,
cost and accommodation onboard.
Recent works have proposed the use of reflectarrays to
reduce the number of antennas by generating two different
colours with each feed, either in two polarizations [6], or two
frequencies [7]. A reflectarray antenna combines advantages
of both reflector and array antennas, providing high values of
gain and radiation efficiency with a low-profile nature.
In this paper, the authors propose a satellite reflectarray
antenna able to generate four adjacent beams per feed by
discriminating simultaneously in frequency and polarization.
In this way, a 1.8-m reflectarray could generate a complete
multi-spot coverage for the Tx link, as will be shown below.
II.

MISSION SCENARIO

The proposed reflectarray antenna is intended to provide
broadband services in Ka-band from a geostationary satellite
for a Continental mission scenario, in particular, the selected
scenario is for a typical pan-European coverage.
TABLE I. ANTENNA SYSTEM REQUIREMENTS

Parameter

Requirement

Mission Covergae

European area

Number of beams

>80

reuse scheme

4 colours (2 freqs. / 2 pol.)

Spot diameter

0.65°

Spot lattice

triangular

Tx freq. Band

(18.2 - 18.7) / (19.7 - 20.2) GHz

EOC Gain

>43.8dBi

Roll-Off

<= 4,3 dB

Single Entry C/I

>20dB

The main system requirements associated to the mission
are presented in Table I , considering common specifications
from relevant operative communications satellites at Ka
band. The European region will be covered by more than 80
high-gain beams with 0.65º spot diameter and an angular
separation between adjacent spots of 0.56º.
As a result of the design process shown in Section III, the
use of relatively separated operating frequencies allows to
obtain a larger operating bandwidth. Thus, the authors have
considered a current tendency for the next generation of H T S
systems towards shifting the gateway link to Q , V or W band
[8]. The change of the gateway link allows to use the
frequencies between 17 and 20 GHz for the users’ link in
Ka-band and to define operating frequencies relatively
separated one from each other (18.45 GHz and 19.95 GHz).
III.

in the horizontal direction are generated in different
frequencies, while in the other direction, forming 60º with
the previous one, the beams are generated in orthogonal
polarizations.

DESIGN PROCESS O F THE REFLECTARRAY ANTENNA

A reflectarray antenna has been designed to produce four
adjacent beams per feed by the simultaneous polarization and
frequency discrimination. The design method has been
recently validated through the manufacturing and testing of a
40-cm reflectarray demonstrator in Ka-band [9]. According
to this design technique, the beams are generated at two
closely spaced frequency bands by means of the beam squint
effect, as well as a dual band optimization of the reflectarray
elements to provide a slightly different phase distribution at
each operating frequency.
The beam squint effect, which is a well-known
phenomenon in offset reflectarrays that produces a deviation
in the beam direction when the operation frequency changes
[10], has been exploited to generate adjacent beams at two
close frequencies [7]. The feed position can be computed in
order to achieve a desired beam squint that points the beams
in the required directions, according to the specified
operating frequencies. Hence, the directions of radiation are
reached in a natural way, achieving a minimum difference
between the required phase distributions at the operating
frequencies. The use of close operating frequencies produces
strong variations of the beam directions with the frequency
(0.1º/100MHz in [7]), resulting in a prohibitive beam
pointing error (BPE) for H T S systems. The use of more
separated operating frequencies (18.45 and 19.95 GHz)
enables to minimize the required beam squint, achieving a
scan aberration lower than 0.09º within the specified
frequency sub-bands, which could even be reduced by the
optimization procedure required to provide a different phase
distribution at each operating frequency [11].
According to the design method, four different phase
distributions must be implemented on the reflectarray, one
for each frequency and polarization. Since dual polarized
feed-horns are assumed to illuminate the antenna, each horn
generates two adjacent beams in orthogonal polarizations for
each frequency, forming a triangular spot lattice. The
simulated and measured contour patterns at -4 dB respect to
the maximum gain for the four beams generated by the 40cm demonstrator illuminated by a single feed, reported in
[9], are shown in Fig. 1. As can be seen, the adjacent beams

Fig. 1 Contour patterns at -4 dB respect to the maximum gain of four
beams generated by a single feed.

This contribution constitutes a first essay of satellite
reflectarray antennas with frequency and polarization
discrimination that continues the work presented in [9].
Thus, a 1.8-m reflectarray antenna has been designed to
operate in dual linear polarization (dual-LP), as in [9], where
the discrimination in dual-LP is achieved by the use of
appropriate reflectarray cells based on sets of stacked parallel
dipoles for each orthogonal L P . Since Ka-band H T S systems
commonly operate in dual circular polarization (dual-CP),
the variable rotation technique of the elements can be applied
to generate the beams in dual-CP, as shown in [6].
IV.

DESIGN O F THE ANTENNA SYSTEM

Considering the previous requirements in terms of gain
(see Table I), a 1.8-m diameter has been selected for the
reflectarray antenna. The reflectarray cells present a period
of 7.5 mm, close to λ/2 at the operating frequencies to avoid
the appearance of grating lobes for incidence angles up to
47.8º. Thus, the reflectarray consists of 44,125 cells arranged
in a 239 x 235 grid (179.25cm x 176.25cm). Due to the large
number of elements, ideal reflectarray cells providing the
required phase-shift are assumed in these preliminary
simulations. The reflectarray cell used for a real case would
be similar to the one described in [9].
The 1.8-m reflectarray is illuminated by a feed block
made up of 27 dual polarized feed-horns (see Fig. 2), whose
positions have been computed applying the beam squint
technique, according to the required beam spacing (0.56º)
and the central operation frequencies (18.45 and 19.95 GHz),
and taking into account the possible blockage effect
produced by the cluster as well as the minimum physical
separation between feed-horns. The feed element considered
for the simulations is a 54-mm feed-horn based on a realistic
model of a Ka-band feed characterized by Airbus [12], which
is able to operate from 17.7 GHz to 20.2 GHz for the Tx link

in Ka-band. According to the feed characterization, the field
radiated by the horn has been modelled using a cosq(θ)
distribution with q = 28, which provides around -12 dB edge
illumination on the reflectarray. The phase centre of the
central horn of the feed ensemble is placed at coordinates
(xF, yF, zF) = (-85.01, 0, 254.96) cm with respect to the
reflectarray centre, leading to a F/D ratio of 1.5, and the
resulting separation, centre to centre, between adjacent feeds
is 56 mm.

located in the rows C, D and E of the feed block have been
simulated and their 46 dBi contours are shown in Fig. 4,
according to the four-colour frequency and polarization reuse
scheme. The level of the contours (46 dBi) has been selected
as the EOC gain for the beams, satisfying the requirement
established in Table I.
The resultant multi-spot coverage provided by the 1.8-m
reflectarray is shown in Fig. 5. The maximum gain of the 64
beams generated by 16 feeds varies between 48.7 and 50.2
dBi, with an average value of 49.6 dBi. The average spotwidth at 46 dBi is 0.66º.

Fig. 2 Upper view of the feed block with the feeds numbering

The four required phase distributions on the reflectarray
surface have been computed considering the central horn of
the feed cluster. The phase distribution required for Xpolarization at the lower operating frequency is shown in
Fig. 3. The other distributions present a similar appearance.

Fig. 4 Contours for 46 dBi of 64 beams generated by the 16 feeds together
with the representation of some selected cuts.

Fig. 5 Gain levels of the multi-spot coverage provided by the reflectarray
illuminated by 16 feeds.

Fig. 3 Required phase distribution for X-polarization at 18.45GHz.

Since each feed-horn generates four beams, the 1.8-m
reflectarray illuminated by 27 feeds will produce a coverage
of 108 spot beams with 0.56º separation between adjacent
spots (centre to centre), at 18.45 GHz and 19.95 GHz in
dual-LP.
V.

SIMULATED RESULTS

Due to the symmetry of the antenna system with respect
the xz-plane, the simulations consider only three rows of the
cluster of feeds (the outer rows are symmetrical: rows A and
B with respect to rows E and D , see Fig. 2). Thus, the
radiation pattern for the beams generated by the 16 feeds

The radiation pattern performance has been also
evaluated in some cuts parallel to the principal planes of the
triangular grid. The radiation patterns are presented together
with masks to indicate the EOC gain and the level of
interference produced by the adjacent beams of the same
colour. The simulated radiation patterns associated to cuts in
the horizontal direction for the beams generated in Xpolarization by the central row of feeds (see Fig. 4) are
represented in Fig. 6. In terms of the normalized angular
coordinates (u, v), the radiation patterns show cuts in ‘v =
constant’, where each cut contains beams generated in the
two orthogonal polarizations at the same frequency band.
Although each cut contains two different spot colours, they
are represented separately in order to appreciate the
interference levels. The beams are referred according to the
number of the feed that generates it, following the numbering
scheme shown in Fig. 2. It can be seen that the beams
generated at 19.95 GHz (Fig. 6-b) reach values of maximum

gain approximately 0.5 dB higher than the beams generated
at 18.45 GHz (Fig. 6-a), due to the larger electrical
dimensions of the antenna at that frequency. There is no
appreciable differences between the radiation performance in
X- and Y- polarizations.

of EOC gain, roll-off and spot diameter. The single entry C/I
should be enhanced in a more detailed design, considering
optimization techniques to improve the shaping of the beams
and to reduce the side-lobe level. Furthermore, the single
entry C/I could be improved by defining a slightly larger
antenna diameter, which will reduce the beam distortion. In
this case, the antenna dimensions should not exceed 2.3-m in
diameter, which is a typical value for conventional reflectors.

(b)
Fig. 6 Simulated radiation patterns in ‘v=0’ at (a) 18.45 GHz and (b) 19.95
GHz for the beams generated by the row C of feeds in X-polarization.

The single entry C/I between the closest spots operating
in the same frequency and polarization varies between 25.9
and 11.8 dB. As shown in Fig. 6, the worst cases of C/I are
associated to the interferences produced by the extreme
beams of the coverage, which are the most broadened beams.
In the same way, the radiation patterns associated to cuts
that form 60º with the previous horizontal direction have
been studied. Note that, in this case, each cut contains only 3
spots of the same colour (see Fig. 4). Some of the resulting
radiation patterns associated to the previously defined cuts
are shown in Fig. 7 at both operating frequencies. By
comparing the patterns shown in Fig. 6 and Fig. 7, it can be
seen that the single entry C/I levels obtained in the radiation
patterns associated to the 60º cuts present a better
performance than those resulted from the horizontal cuts.
Note that simulated radiation patterns present a good
agreement with the requirements defined in Table I in terms

(b)
Fig. 7 Simulated radiation patterns associated to planes forming 60º with
respect to the horizontal direction, as shown in Fig. 4, for beams generated
in X-polarization at (a) 18.45 GHz and (b) 19.95 GHz.

Therefore, due to the symmetry of the antenna system,
the complete feed block, consisting of 27 dual polarized
feed-horns, is expected to generate 108 beams with similar
values of gain and beamwidth, providing a promising multispot coverage with a four-colour frequency and polarization
reuse scheme. As a result, Fig. 8 shows the whole coverage
of 108 directive spot beams covering the European region
defined as the Continental mission scenario in Section II,
considering a spot diameter of 0.65º. Note that the feed
cluster should be slightly rearranged, including a few
additional feeds, in order to completely cover Spain, Portugal
and north of Scandinavia.

VI.

CONCLUSION

Preliminary simulations have been presented for a
satellite reflectarray antenna fed with 27 dual-polarized
horns, producing 108 contiguous beams in a four-colour
reuse scheme. The reflectarray has been designed according
to a recently validated technique to produce four closely
spaced beams, in different frequency and polarization, for
each feed. The simulated beam present values of maximum
gain close to 50 dBi and a spot diameter at the E O C gain
near 0.65º, providing promising results for a typical multispot coverage for Tx in Ka-band
The proposed concept, applied to communication
geostationary satellites in Ka-band, will allow a reduction in
the number of feeds (each feed produces four beams) and
antennas required when using conventional reflectors,
producing a significant mass saving on the spacecraft. The
four reflector antennas operating in Tx and Rx could be
reduced to two reflectarray antennas, one for Tx and other
for Rx.
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