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Abstract- This contribution proposes the use of dual 
reflectarray (RA) 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. A dual-RA configuration formed by a parabolic main 
RA and a flat RA subreflector has been designed to produce two 
spot beams in orthogonal circular polarization (CP) from a 
single feed in dual linear polarization (LP). The flat RA 
subreflector provides 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 dual-CP. The simulated results show the 
feasibility of the proposed configuration and its potential to be 
used for multiple beam applications in 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 single-
feed-per-beam (SFPB) 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 
independent beams by illuminating the RA with a single 
dual-polarized feed, enabling a reduction of the number of 
aperture antennas from four to two [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 SFPB operation 
versus the complex feeding and beamforming networks used 
in multiple-feed-per-beam (MFPB) architectures [5] and 
direct radiating arrays [6]. 

In the recent years, several works have proposed the use 
of dual-RA antennas for some applications demanding large 
bandwidth, dual-band operation, beam reconfigurability or 
generation of multiple beams [7]-[10], taking advantage of 
the greater flexibility provided by the phase control in two 
RA surfaces, which allows to obtain a better performance 
than conventional single and dual reflector antennas. In this 
contribution, the performance of dual-RA configurations has 
been studied for multi-spot satellite applications in Ka-band. 
A dual-RA configuration formed by a parabolic main RA and 
a flat RA subreflector has been designed to produce two spot 
beams in orthogonal circular polarization (CP) from a single 
feed in dual linear polarization (LP). In this case, the flat RA 
subreflector 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 dual-CP at Tx 
and Rx frequencies in Ka-band. 

The multibeam performance of the dual-RA antenna 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 separated 0.56° in RHCP and LHCP at both Tx and 
Rx, a total of 54 beams 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 complete multi-spot coverage with 108 beams 
can be achieved by only two dual-RA antennas, instead of 
using four reflectors. Since each feed produces two beams, 
the number of feeds is also reduced by a 50%. 

(a) (b) 

Fig. 1. (a) Configuration of 27 adjacent feed-horns and (b) the 54 beams 
generated, in red color for RHCP and in green for LHCP. 

II. DESIGN OF A DUAL REFLECTARRAY ANTENNA 

A multibeam dual-RA antenna formed by a parabolic main 
RA and a flat RA subreflector 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 parabolic 
surface of the main RA will focus the beam in a natural way, 
while the printed elements will perform the conversion from 
dual-LP to dual-CP and additionally can provide an 
adjustment to correct phase errors. The flat RA subreflector 
will discriminate the orthogonal LP at Tx and Rx, providing 
the required beam deviation by implementing a different 
phase distribution for each LP. 

A. Geometry of the dual reflectarray antenna 

The dual-RA antenna is an evolution of a baseline 
Cassegrain system with the geometric parameters described 
in Table 1, see Fig. 2. In a first approach, the flat RA 



subreflector was designed to implement the phase adjustment 
required to emulate the hyperboloid and to deviate the 
reflected field in opposite directions for each LP. In a second 
approach, the original configuration was modified to reduce 
the incidence angles and to eliminate the hyperbolic phase 
correction on the RA subreflector (a magnification factor 
equal to 1), see Fig. 2. In this case, the phase adjustment to 
be implemented in the flat RA subreflector reduces to that 
necessary for deviating the beams ±0.28° by polarization 
discrimination. As an example, Fig. 3 shows the phase 
distributions required on the subreflector at 19.7 GHz for 
each linear polarization. Note that the nominal subreflector 
has been extended to obtain a proper illumination from the 
whole set of horns shown in Fig. 1. 

T A B L E 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 
Nominal subreflector size 

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° 
0.484 m x 0.378 m 

Fig. 2. Dual reflectarray system, showing the original Cassegrain geometry 
and the reflectarray cells used for the design of the RA subreflector and the 

parabolic main RA. 

(a) (b) 
Fig. 3. Phase adjustment (in degrees) required on the RA subreflector at 19.7 

GHz to deviate (a) the X-polarized beam to +0.28° and (b) the Y-polarized 
beam to -0.28°. 

B. Reflectarray cells on the subreflector 

The reflectarray cell used for the design of the flat RA 
subreflector 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. 4). 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 y-
axis. Similarly, the dipoles on the lower layer will adjust the 
phases at transmit frequencies in Ka-band (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 [11] to introduce a different 
phase-shift in each LP at both 12 GHz and 19.5 GHz. 

In this case, the geometric parameters of the cell (dipole 
lengths, widths and separations) have been adjusted to allow 
operation at Tx and Rx frequencies in Ka-band. The 
dimensions of the reflectarray cell have been chosen as PX = 
5.4 mm and PY = 5.2 mm, which is close to X/2 at the higher 
frequencies (29-30 GHz), in order to avoid the appearance of 
grating lobes. A quite independent phase control based on the 
lengths of upper and lower dipoles can be observed in Fig. 5, 
which shows the variation in the phase of the cell reflection 
coefficient associated to X-polarization at 19.7 and 29.5 GHz 
for (0i = 35°, cpi = 0º) incidence, associated to the central part of 
the RA subreflector. The upper dipoles do not disturb the 
phase response at 19.7 GHz, as they are shorter than those in 
the bottom layer. On the other hand, the lower dipoles have a 
certain influence on the phase at 29.5 GHz, but this effect will 
be compensated during the design process, obtaining the 
appropriate lengths for the upper dipoles once the dimensions 
of the lower layer elements have been fixed. Thus, the dipole 
lengths can be obtained separately for each reflectarray layer: 
first, the dipoles on the bottom layer are adjusted to provide 
the required phase at 19.7 GHz, and then those on the top layer 
are adjusted to do the same at 29.5 GHz. 

Fig. 4. Reflectarray cell used for the design of the flat RA subreflector in the 
dual-RA antenna. 

(a) (b) 
Fig. 5. Phase (in degrees) of the cell reflection coefficient with respect to the 

lengths of the dipoles in both layers, considering X-polarization (a) at 19.7 
GHz and (b) at 29.5 GHz. 



C. Polarizing cells on the parabolic reflector 

The parabolic main RA in the dual RA configuration must 
work as a polarizing reflector at both Tx and Rx bands, so that 
the incident field in dual-LP will be converted into two 
orthogonal circular polarizations, RHCP and LHCP. The 
polarizing cell (see Fig. 6) has been implemented using printed 
dipole technology, following a similar approach to that shown 
in [12]. The lengths of the dipoles on each cell of the parabolic 
polarizer are adjusted to provide 90º difference between the 
phases of the reflected x’ and y’ components for each incident 
LP at both 19.7 GHz and 29.5 GHz (see Fig. 7), so that the 
reflected field will be circularly polarized, being RHCP or 
LHCP depending on the direction of the incident electric field 
(Y or X). The adjustment of the dipole lengths on each cell 
takes into account the real angles of incidence and cell 
dimensions on the parabolic surface. The use of three dipoles 
provides more degrees of freedom for the design, at the same 
time as it results in a broadband and steady response of the 
phase difference curve within the 19-31 GHz band, see Fig. 7. 

(a) (b) 
Fig. 6. Concept for converting dual-LP into dual-CP with the polarizing cell 
used for the design of the main-RA: (a) with the incident electric field in the 
direction of the x-axis, and (b) with the incident electric field in the direction 

of the y-axis. 

Fig. 7. Phase of the cell reflection coefficients associated to the linear 
components x’ and y’ and difference between them. 

D. Analysis and design of the dual reflectarray antenna 

The flat RA subreflector and the parabolic main RA have 
been designed using the previously described reflectarray 
cells. The dimensions of the printed dipoles have been 
adjusted element-by-element to provide the required phase-
shift at each design frequency (19.7 GHz and 29.5 GHz). An 
in-house electromagnetic code that applies the Method of 
Moments in the Spectral Domain (SD-MoM) [13] has been 
used for the analysis and design of each reflectarray cell. The 
SD-MoM code assumes that the cell is placed on a locally-flat 
periodic array and takes into account the real angles of 
incidence and (in the case of the main RA) the real cell 
dimensions on the parabolic surface. Note that the lattice of 
cells of the main RA is initially defined in the chordal plane of 
the paraboloid, and then, the cells are projected over the 

parabolic surface, which results in small variations in the 
horizontal and vertical cell dimensions. 

The surface reflection at each RA is modelled by a matrix 
formulation relating the incident and reflected electric fields. 
The reflection matrix is computed for each cell by SD-MoM, 
considering it is placed in a periodic environment [14]: 
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Advanced Physical Optics (PO) simulations have been 

carried out to obtain the radiation patterns of the designed 
dual-RA antenna, combining the reflection matrices of the 
reflectarray cells with in-house software tools based on [15], 
in which the surface is discretized in small patches for which 
both electric and magnetic currents are considered. 

III . GENERATION OF A MULTI-SPOT COVERAGE IN KA-BAND 

The multibeam operation of the dual-RA antenna has been 
studied according to the horn and beam cluster scenario 
depicted in Fig. 1. Each feed will generate two adjacent beams 
in R H C P and L H C P by combining discrimination in linear 
polarization with linear-to-circular polarization conversion, so 
the dual-RA configuration fed by 27 horns will produce 54 
beams in two different colors, as shown in Fig. 1. The correct 
location of each horn to produce the desired beam directions is 
determined by a Geometrical Optics (GO) estimation and 
afterwards corrected following P O results, as described in 
[16]. The electromagnetic field radiated by the feed-horns has 
been modeled using conventional cosq(θ) functions with q = 
28 at 19.7 GHz and q = 43 at 29.5 GHz. . 

The radiation patterns of the designed dual-RA antenna 
have been simulated as explained in Section II(D). The gain 
levels associated to the multi-spot coverage produced by the 
dual-RA antenna are shown in Fig. 8. The average maximum 
gain of the spots is 49.4 dBi at Tx and 51.6 dBi at Rx, and the 
center-to-center separation between adjacent spots is 0.56º, 
which is a typical requirement in current high-throughput 
satellite applications. There is a small difference in maximum 
gain between the R H C P and the L H C P beams, which is due to 
phase errors introduced in X-polarization by the flat R A 
subreflector (caused by the large incidence angles from the 
feed-horns). As can be seen in Fig. 8, the designed dual-RA 
antenna is able to produce half of the spots for a conventional 
multi-spot coverage in Ka-band. 

(a) (b) 
Fig. 8. Gain levels (in dBi) associated to the multi-spot coverage produced 
by the designed dual-RA antenna in RHCP (R) and LHCP (L): (a) at 19.7 

GHz and (b) at 29.5 GHz. 



The simulated radiation patterns for the ‘u = 0’ cut at 19.7 
GHz and 29.5 GHz for the beams generated in LHCP by the 
central row of feeds are presented in Fig. 9. The patterns 
include the masks for the end-of-coverage (EOC) gain (a 
typical value of 45 dBi) and maximum interference levels 
between adjacent beams in the same polarization (20 dB 
below the EOC gain). The beam directions and beamwidth at 
both frequencies are in good agreement with the requirements. 
The C/I ratio is close to 20 dB for all the beams, but the cross-
polar maximums are up to -16 dB below the EOC gain for 
some of the extreme beams. Note that similar results are 
obtained for the beams in RHCP, not included here. 

(a) 

(b) 
Fig. 9. Cuts of the radiation patterns in the plane ‘u = 0’ for the beams 
generated in L H C P (a) at 19.7 GHz and (b) at 29.5 GHz, including the 

masks for the E O C gain and maximum interference levels. 

These results prove the feasibility of the proposed dual-RA 
configuration to provide half of the multi-spot coverage (two 
colors) for Tx and Rx in Ka-band, using a parabolic main R A 
to transform dual-LP into dual-CP and a flat R A subreflector 
to discriminate the orthogonal L P . The design still requires 
some additional improvements by optimizing the printed 
elements in order to reduce the cross-polar levels. A second 
dual-RA antenna should be designed following an analogous 
procedure to produce the other two colors of the coverage. 

I V . CONCLUSIONS 

In this work, dual-RA configurations have been proposed 
for multi-spot satellite applications in Ka-band. A dual-RA 
configuration with a flat R A subreflector and parabolic main 
R A has been designed to provide 54 beams separated 0.56º 
when fed by 27 dual-LP horns, at both Tx (19.7 GHz) and Rx 
(29.5 GHz) frequencies. The discrimination in L P at the R A 
subreflector is combined with the transformation from dual-
L P into dual-CP at the main R A , whose parabolic surface 
provides the focusing of the beams in a natural way. The 
simulation results show the feasibility of this configuration 

and its potential to be used for multiple beam applications in 
Ka-band, although it still requires some optimization to 
reduce the cross-polar levels. The proposed configuration 
will allow a reduction in the number of feeds and in the 
number of apertures required for a multi-spot coverage when 
compared with conventional multibeam antennas based on 
S F P B reflectors. The four reflector antennas could be 
reduced to two dual-RA antennas operating in dual band and 
dual polarization, each able to produce half of the coverage. 
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