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Abstract—This contribution proposes the use of single and
dual reflectarray configurations to provide multi-spot coverage
in Ka-band from a geostationary satellite, using a smaller
number of apertures and feeds than conventional reflector
systems. First, a 1.8-m parabolic reflectarray antenna has been
designed to produce multiple spot beams through the
generation of two beams per feed in orthogonal circular
polarization (CP) at Tx and Rx frequencies. Moreover, a dual
RA configuration has been designed to produce two spot
beams in orthogonal CP from a single feed in dual linear
polarization (LP). The simulated results are compared for the
two designed antennas, showing the feasibility of both
configurations and their potential to be used for multiple beam
applications in Ka-band.
Index Terms—parabolic reflectarray, dual reflectarray,
multi-beam antennas, geostationary satellites, Ka-band.
I.

INTRODUCTION

Modern multibeam satellite antennas need to produce an
increasing number of spots by reusing frequency and
polarization in a four-color coverage scheme [1]. In a singlefeed-per-beam (SFB) configuration, due to the closely
spaced beams required and the size limitation of the usable
focal plane, the traditional reflector antennas can provide just
one color and typically four reflector antennas operating in
transmission (Tx) and reception (Rx) are required. The use of
dual polarized reflectarrays (RAs) [2] allows to produce two
separated beams by feeding the RA surface with a single
dual polarized feed, enabling a reduction of the number of
aperture antennas from 4 to 2 [3]. Reflectarrays provide
greater flexibility than lens-fed reflectors [4] to handle the
generation of adjacent beams in orthogonal polarization at
Tx and Rx, while keeping the simplicity of SFB operation
versus the complex feeding and beamforming networks used
in multiple-feed-per-beam (MFB) architectures [5].
In this contribution, the performance of single and dual
RA configurations has been studied for multi-spot satellite
applications in Ka-band. First, a 1.8-m parabolic reflectarray
antenna has been designed to produce multiple spot beams
through the generation of two beams per feed in orthogonal
circular polarization (CP) at Tx and Rx frequencies. A new
reflectarray cell has been proposed to introduce a progressive
phase shift of opposite sign in each CP operating at both Tx
and Rx frequencies by applying the variable rotation
technique (VRT) [3]. Moreover, a dual RA configuration has

been designed to produce two spot beams in orthogonal CP
from a single feed in dual linear polarization (LP). In this
case, the flat RA sub-reflector is used to provide the required
angular separation between the beams by implementing a
different phase distribution in each LP, while the parabolic
main RA performs the conversion from dual-LP into dualCP at Tx and Rx frequencies in Ka-band.
The multibeam performance of the two antenna
configurations (single parabolic RA and dual RA) has been
evaluated in a realistic multi-spot scenario. For this purpose,
27 feeds have been placed on a plane perpendicular to the
horn axis. Since each feed will generate two adjacent beams
in RHCP and LHCP at both Tx and Rx, a total of 54 beams
separated 0.56° will be generated when the antenna is
illuminated by 27 feeds, providing one half of the spots (two
colors) required for a typical multi-spot coverage, see Fig. 1.
Therefore, a multi-spot coverage with 108 beams can be
achieved by only two antennas, where each antenna will
generate 54 beams using 27 feeds. Since each feed produces
two beams, the number of feeds is also reduced by a 50%.

(a)

(b)

Fig. 1. Configuration of 27 feed-horns (a) and beams generated (b), in red
for RHCP and green for LHCP.

II.

DESIGN OF A PARABOLIC REFLECTARRAY

The antenna configuration is a single offset parabolic
reflector with 1.812 m of diameter and 2.718 m of focal
length, as can be seen in Fig. 2. The required progressive
phase distributions on the parabolic surface to provide a
beam deviation of 0.28° in RHCP and -0.28° in LHCP have
been computed at 19.7 GHz and 29.5 GHz. The ideal
radiation patterns corresponding to the previous phase
distributions obtained by Physical Optics (PO) simulation are

shown in Fig. 3. The results are compliant with the mask for
minimum gain at the end of the coverage (EOC gain = 45
dBi) and interference produced with the adjacent beams in
the same color (C/I < 20 dB) at 19.7 and 29.5 GHz, as can be
seen in Fig. 3.
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GHz), combining different types of printed elements. The
printed elements for Tx frequencies consist of two
symmetrical circular arcs [6] (see Fig. 4(a)) to discriminate
in CP by VRT. Two orthogonal sets of three coupled
parallel dipoles [7] (see Fig. 4(b)) have been employed to
apply VRT at Rx frequencies and to introduce an additional
phase adjustment.
In Tx, the parabolic surface will focus the beam and the
two printed symmetric arcs are rotated to generate two
adjacent beams in dual-CP per feed, as described in [3]. The
phase distribution in Rx is adjusted for each linear
component of the electric field by varying the length of
three parallel dipoles. Two sets of dipoles printed on the
opposite sides of a thin dielectric, orthogonal to each other,
are used to independently control each field component. The
phase correction at Rx is used to ensure the same
beamwidth in Rx and Tx. The printed dipoles are rotated in
the opposite direction than the arcs, in order to generate
adjacent beams in dual-CP with the opposite polarization
than in Tx, as required by the application.

Fig. 2. Parabolic reflectarray configuration.
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Fig. 4. Printed elements used on the reflectarray cell: (a) symmetric arcs
for Tx and (b) orthogonal sets of parallel dipoles for Rx.
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The reflectarray cell has been defined with a period of
6.5 mm x 6.5 mm, with a lower substrate of thickness 1.524
mm (erA = 2.3, tandA = 0.0057) and a thin upper substrate
(0.127mm thick, with erB = 2.17, and tanSB = 0.002). The
phases of the co-polar reflection coefficients for both
orthogonal CP components have been computed at 19.7
GHz when the arcs are rotated clockwise. The results are
shown in Fig. 5 as a function of the rotation angle arot (from
-90° to 90°). The simulations have been obtained by an SDMoM electromagnetic code developed at UPM and
University of Seville [2]. Note that the phase-shift in RHCP
shown in the figure is proportional to twice the rotation
angle, with an error less than 7 degree. The phase-shift in
LHCP presents a similar variation of opposite sign. The
simulated level of losses (not shown) is below 0.2 dB.
Copolar circular polarizations

0
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Fig. 3. Simulated radiation patterns in the plane 'v = 0' (<p = 0°),
superimposed to the mask of requirements (minimum gain at EOC = 45
dBi, C/I = 20dB) at 19.7 GHz (a) and at 29.5 GHz (b).
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A. Reflectarray cell
The reflectarray cell used for the design of the parabolic
RA consists of two stacked dielectric layers and two levels
of metallization. The element has been designed to operate
at Tx and Rx frequencies in Ka-band (19.7 GHz and 29.5
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Fig. 5. Phases of the cell reflection coefficients vs arc rotation angle for
RHCP and LHCP at 19.7 GHz.

B. Reflectarray antenna design and performance
According to Fig. 5, the rotation angle of the arcs is
defined from the required phase distribution in RHCP at Tx.
In a similar way, the rotation of the dipoles is defined from
the required phase distribution in RHCP at Rx, being the
rotation in the opposite direction than the arcs. The required
phase-shift at 19.7 GHz for X'-polarization (the linear
component in the direction of the x'-axis in the rotated
system, see Fig. 4) should be constant, since the focusing of
the beam is made by the parabolic surface. For Rx, we are
using a set of three parallel dipoles for each polarization that
can be adjusted to provide any value of phase, while keeping
the phase-shift of 180° between X' and Y' components, in
order to introduce the progressive phasing by VRT [3]. The
SD-MoM code has been used for the analysis and design of
each reflectarray cell, assuming it is placed on a locally-flat
periodic array and accounting for the real incidence angles
and cell dimensions on the parabolic surface. Further details
about the design of the parabolic RA can be found in [8].
For generating multiple beams, 27 feeds have been
placed on a plane perpendicular to the horn axis. According
to the technique described before, each feed will generate
two adjacent beams in RHCP and LHCP. Then, 54 beams
separated 0.56° will be generated when fed by 27 feed-horns
polarized in dual-CP, providing one half of the spots required
for the full multi-spot coverage, as shown in Fig. 1. As a
result, Fig. 6 shows the simulated radiation patterns in the
plane v = 0 (offset plane) produced by the feeds located in
the central row (y = 0) at 19.7 GHz. Similar patterns are
obtained at 29.5 GHz and for the other planes (both
horizontal and forming 60° with the x-axis), although they
are not included here. The beam directions and beamwidth
(around 0.65°) in both polarizations and frequencies are in
good accordance with the requirements. However, the side
lobes for some of the beams are higher than expected and it
will produce a C/I a few dBs higher than the 20 dB
requirement. When the radiation patterns are computed at
other frequencies close to the design frequency (e. g., 19.2
and 20.2 GHz), the cross-polar radiation is drastically
increased (3 dB below the co-polar levels at EOC).
Therefore, an additional effort is required to ensure the
antenna performance in the required frequency band.
III.

DESIGN OF A DUAL REFLECTARRAY ANTENNA

A dual RA antenna with a parabolic main RA and a flat
RA sub-reflector has been designed to produce two spot
beams in orthogonal CP from a single feed in dual-LP, at
both Tx and Rx frequencies in Ka-band. The dual RA
antenna is an evolution of a baseline Cassegrain system with
the geometric parameters described in Table 1, see Fig. 7.
The flat RA sub-reflector is placed tangent to the hyperbolic
sub-reflector for maximum closeness between the
hyperboloid and the flat RA. The geometric parameters of
the flat RA sub-reflector are given in Table 2. Note that the
nominal sub-reflector has been extended to allow its
illumination from the whole set of horns which are required
to produce the multibeam operation.
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Fig. 6. Radiation patterns of the single parabolic RA at 19.7 GFIz
generated by feeds in the central row: (a) in LHCP and (b) in RHCP.
TABLE I. NOMINAL CASSEGRAIN BASELINE CONFIGURATION

Parameter
Main reflector aperture diameter
Main reflector focal length
Main reflector offset heigth
Inter-focal length
Feed location
Magnification factor
Hyperboloid eccentricity
Half subtended angle

Value
D= 1.8 m
/ = 2.4 m
hoff = 1.8 m

2c =0.4f= 0.96 m
( 0 , 0 , -0.96) m
M= 1.25
e=9
ft = 15.7°

TABLE III. GEOMETRIC PARAMETERS OF THE FLAT RA SUB-REFLECTOR

Parameter
Reference tangency point
Unit normal vector
Feed axis pointing to RS0
RA size (not extended)
Half subtended angle
Extended RA size

Value
RS0= (0.356, 0,-0.413) m
ns = (0.0667, 0, -0.9978)
zf= (0.5459, 0, 0.8379)
0.484 mx 0.378 m
ft = 15.8°
0.777 m x 0.706 m

orthogonal circular polarizations, RHCP and LHCP. The
polarizing cell has been implemented using printed dipoles
technology over a reflective surface, following a similar
approach to that shown in [10]. The geometric parameters of
the cell have been adjusted to provide 90° difference between
the phases of the two orthogonal components of the reflected
field at both 19.7 GHz and 29.5 GHz, so that the reflected
field will be circularly polarized, being RHCP or LHCP
depending on the direction of the incident field (Y or X).

Fig. 7. Baseline Cassegrain configuration and nominal flat RA subreflector.

B. Dual reflectarray antenna design and performance
The dual RA configuration has been designed with the
previously described reflectarray cells and using the SDMoM electromagnetic code, which takes into account the
real values of angle of incidence on each cell and period on
the parabolic surface. Some difficulties were found in the
design of the flat RA cells due to the wide variation of
incident angles from the feeds, which resulted in larger
degradation of the radiation patterns for the most external
horns (as will be shown later, see Fig. 9). Then, advanced PO
simulations have been performed using in-house software
tools based on [11] and [12], in which the surface is
discretized in small patches for which both electric and
magnetic currents are considered. The surface reflection at
each RA is modelled by a matrix formulation relating the
incident and reflected fields. The matrix is computed for
each cell by MoM considering a periodic environment [13]:

{EE) = {RX Ry)(%Cc)
\cy/

Fig. 8. Reflectarray cell used for the design of the flat RA sub-reflector in
the dual RA antenna.

A. Reflectarray cells
The reflectarray cell used for the design of the flat RA
sub-reflector consists of two orthogonal sets of five parallel
dipoles printed on a dielectric layer, and two additional sets
of three parallel dipoles stacked above the previous sets and
printed on the top of a second dielectric sheet (see Fig. 8).
The phase introduced in X-polarization will be controlled by
the lengths of the dipoles in the direction of the x-axis,
whereas the phase introduced in Y-polarization will be
achieved with the appropriate lengths of the dipoles in the
direction of the >>-axis. Similarly, the dipoles on the lower
layer will adjust the phases at transmit frequencies in Kaband (19.2-20.2 GHz), while the dipoles on the higher layer
will provide the phase at receive frequencies (29-30 GHz). A
similar reflectarray cell has been previously used in [9] to
introduce a different phase-shift in each LP at both 12 and
19.5 GHz. In this case, the geometric parameters of the cell
have been adjusted to allow operation at Tx and Rx
frequencies in Ka-band.
The parabolic main RA in the dual RA configuration
must work as a polarizer at both Tx and Rx bands, so that the
incident field in dual-LP will be converted into two
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As described before, each feed will generate two adjacent
beams in RHCP and LHCP, so the dual RA configuration fed
by 27 horns will produce 54 beams in two different colors, as
shown in Fig. 1. The simulated radiation patterns in the plane
v = 0 produced by the feeds located in the central row (y = 0)
at 19.7 GHz are presented in Fig. 9, for both LHCP and
RHCP polarizations. Similar patterns were obtained for 29.5
GHz and for lines of horns at an angle of 60° with respect to
the M-axis. As in the single parabolic RA, the beam directions
and beamwidth in both polarizations and frequencies are in
good agreement with the requirements. On the other hand,
the side lobe levels do not fulfill the CÍÍ specification (C/I >
20 dB) for some of the beams, and the cross-polar levels (not
shown in Fig. 9) are larger than expected, especially in the
case of the extreme beams, where the cross-polar maximums
are between -17 dB and -15 dB below the EOC gain of the
spots. Note that the cross-polar levels are larger than in the
parabolic RA antenna shown in the previous section, where
the cross-polar maximums were about -25 dB below the
EOC gain. Further details about the design and performance
of the dual RA antenna can be found in [ 14].
When comparing the performance of the two proposed
antenna configurations (single RA and dual RA), it can be
appreciated that in general the single-offset configuration
presents better results (lower side lobes, lower cross-polar
levels, etc.). The results presented here are promising, but an

additional optimization effort is still required to improve
some aspects of the antenna performance (bandwidth, C/l,
cross-polarization, etc.).

could be reduced to two
simultaneously at Tx and Rx.

reflectarrays

operating
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