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Abstract- This contribution describes the design and 
simulation results of a parabolic reflectarray antenna to 
produce multiple spot beams from a geostationary satellite, 
which generates two adjacent beams per feed in orthogonal 
circular polarization (CP), separated 0.56 degrees, 
simultaneously at 19.7 and 29.5 GHz. The parabolic reflectarray 
uses a unit cell that introduces a progressive phase shift of 
opposite sign in each CP by applying the variable rotation 
technique independently at Tx (19.7 GHz) and Rx (29.5 GHz) 
frequencies. The proposed antenna can be suitable for multiple 
spot beam satellites in Ka-band since it allows a reduction by a 
50% in the number of antennas and feeds needed to provide the 
multi-spot coverage. 

I. INTRODUCTION 

Multiple beam antennas on board the existing high-
throughput satellites in Ka-band are required to generate 
around 100 slightly overlapping spot beams in a four-color 
reuse scheme (using two frequencies and two polarizations) 
[1]. The antenna system used in such applications usually 
consists of several reflector antennas, each illuminated by a 
feed array operating in a single-feed-per-beam configuration. 
Due to the limited dimensions of the antenna system and the 
minimum physical distance between adjacent feeds, the 
reflectors cannot provide closely spaced beams and typically 
four reflector antennas operating simultaneously in 
transmission (Tx) and reception (Rx) are required to generate 
a four-color coverage, one reflector per color. 

Parabolic reflectarray antennas have been recently 
proposed [2] to reduce the number of antennas by generating 
two different beams in orthogonal circular polarization (CP) 
with each feed, by means of the variable rotation technique 
(VRT) applied to the reflectarray elements. However, the 
dual-band performance to operate at Tx and Rx frequencies 
in Ka-band (20/30 GHz) presents several challenges: first, 
the reflectarray cells must be able to operate independently at 
each frequency band and then, the beams at Rx should be 
properly shaped to provide the same beamwidtii that the 
beams at Tx (note that the parabolic reflectarray antenna 
presents a larger electrical size at Rx than at Tx, which leads 
to narrower bands). 

This contribution presents the design of a 1.8 m parabolic 
reflectarray antenna to produce multiple spot beams through 
the generation of two beams per feed in orthogonal CP 

simultaneously at Tx and Rx. The reflectarray has been 
designed using a novel reflectarray cell that is able to 
introduce a progressive phase shift of opposite sign in each 
CP, operating at both Tx and Rx frequencies by applying the 
VRT. The proposed multibeam antenna has been evaluated in 
a realistic multi-spot scenario, considering 27 feeds polarized 
in dual-CP to illuminate the reflectarray and produce 54 spot 
beams with 0.56° angular separation, which constitutes one 
half of the spots required for typical European multi-spot 
coverage in Ka-band. Therefore, a complete coverage with 
108 beams can be achieved by only two antennas, reducing 
the number of feeds (each feed produces two beams in Tx 
and Rx) and the number of aperture antennas (from four to 
two) compared with conventional reflectors. 

II. REFLECTARRAY CELL 

The proposed reflectarray cell is made up of two stacked 
dielectric layers with two levels of metallization, combining 
different types of printed elements: two orthogonal sets of 
three parallel dipoles and two symmetrical arcs (see Fig. 1) 
[3]. The reflectarray cell has been defined with a period of 
6.5mm x 6.5mm, with a lower substrate of thickness 1.524 
mm (erA= 2.3, tandA = 0.0057) and a thin upper substrate 
(0.127mm thickness, with erB = 2.17, and tanSB = 0.002). The 
operation by VRT consists of designing the reflectarray cells 
to introduce a 180° phase difference between the two 
orthogonal linear components of the field when the 
reflectarray is illuminated by a CP incident field [4], [5]. 
Under this condition, the rotation of the cell element by an 
angle arot results in a phase shift of 2a r o t for RHCP and -
2-cuforLHCP. 

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 [2]. The 
length of the symmetrical circular arcs is adjusted through its 
angle Q, (see Fig. La) to fulfill the 180° phase difference 
between the orthogonal field components (R 'rr = -R 'xx). In 
Rx, the dimensions of each set of parallel dipoles are 
employed to independently control each linear component of 
the field, providing a phase range larger than 360°, as 
proposed in [6], while enforcing the condition of 180° phase-
shift between linear components at the same time. In this 
way, the crossed dipoles are able to introduce a phase 



correction to properly shape the beams at Rx frequencies 
while discriminating for each CP by VRT. Note that the 
uncoupling of the phase response between Tx and Rx 
elements enables that arcs and dipoles can be rotated in 
opposite directions, in order to generate adjacent beams in 
dual-CP with the opposite polarization in Tx than in Rx, 
which constitutes a real requirement in current multi-spot 
satellite applications. 

Fig. 1. Schematic view of the reflectarray cell where the elements printed in 
the upper and lower layer are represented in red and blue color, respectively. 

Fig. 2 shows the phase of the reflection coefficients 
associated to the linear components in the rotated coordinate 
system (R'XX and R’YY) at 29.5 GHz as the lengths of the 
dipoles are increased. The graphic only indicates the length 
of the central dipole on the upper layer, lB, since the length of 
the dipoles on the lower layer is adjusted between lA = 2.5 
mm and lA = 5 mm to provide the 180º phase difference. The 
length of the arcs has been fixed to £2 = 107º and the 
elements have not been rotated yet. The phases present a 
smooth variation with a phase range larger than 400º, where 
the 180º phase difference is fulfilled, which enables to adjust 
the lengths of the dipoles on one layer to provide the phase 
shift required for the phase correction at 29.5 GHz, while the 
orthogonal dipoles on the other layer are adjusted to fulfil the 
180º phase difference. The simulations have been obtained 
by a code based on the Method of Moments in the Spectral 
Domain (SD-MoM) developed at UPM and University of 
Seville [7], [8], whose results are in close agreement with the 
ones obtained by the commercial software CST Microwave 
Studio [9]. 
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Fig. 2. Phases of the linear polarization reflection coefficients vs. the upper 
central dipole length at 29.5 GHz (Rx) 

I I I . DESIGN OF PARABOLIC REFLECTARRAY 

A. Antenna Configuration 
The reflectarray surface presents the geometry of a single 

offset parabolic reflector defined by a diameter of 1.812 m, 
an offset height of 1.256 m and 2.718 m of focal length, as 
shown in Fig. 3. Note that, although the period of the 

reflectarray cells has been initially defined as 6.5 x 6.5 mm, 
in practice it will not be the same for all the cells, due to the 
parabolic surface of the antenna: to obtain the real cell 
dimensions along the x and y axes, a grid with constant 
period (PX = PY = 6.5 mm) has been placed in the aperture 
plane of the paraboloid, and then, projected over the 
parabolic surface, resulting in reflectarray cells with variable 
dimensions between 6.3 and 6.8 mm. The complete antenna 
has 62,654 reflectarray cells and each cell is designed 
accounting for the real values of angle of incidence and 
period on the parabolic surface by a home-made routine 
based on the SD-MoM and the local periodicity approach. 

Fig. 3. Parabolic reflectarray configuration 

B. Reflectarray Design 

Since the parabolic surface of the reflectarray provides 
the focusing of the beam in a natural way, the phase 
distribution on the reflectarray reduces to that required to 
deviate a focused beam in the appropriate direction, which is 
opposite for each CP. The required progressive phase 
distributions for RHCP on the parabolic surface to provide a 
beam deviation of 0.28º are shown in Fig. 4 at 19.7 GHz (Tx) 
and 29.5 GHz (Rx). The required phases for LHCP are 
symmetrical to the previous ones. According to the VRT 
method, the rotation of the reflectarray elements is obtained 
from the required phase-shift in RHCP at each frequency 
divided by a factor of two, being the resultant angle of 
rotation of the elements as shown in Fig. 5 (note that the 
dipoles rotate in the opposite direction than the arcs). The 
required phase-shift at 19.7 GHz (Tx) for the horizontal 
polarization in the rotated coordinate system (X’ 
polarization) should be constant, since the focusing of the 
beam is entirely made by the parabolic surface, while at Rx 
the three parallel dipoles associated to each linear 
polarization can be adjusted to provide any value of phase, 
while keeping the phase-shift of 180° between X’ and Y’ 
components, as shown in Fig. 2. This enables to add a phase 
correction in addition to the progressive phase variation. In 
this case, the phase-shift at 29.5 GHz for the linear 
components is also constant, without considering phase 
corrections. The ideal radiation patterns corresponding to the 
previous phase distributions are shown in Fig. 6, where it can 
be seen that the beams present a side lobe level (SSL) and a 



C/I level better than 20 dB. Note also that the beams at 29.5 
GHz present higher values of maximum gain, due to the 
larger electrical size of the parabolic reflectarray. 

(a) 
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Fig. 4. Required phase distribution on the parabolic reflectarray for RHCP at 

(a) 19.7 GHz and (b) 29.5 GHz 

(a) (b) 
Fig. 5. Rotation angle of the (a) Tx- and (b) Rx-elements required to deviate 

the beams in orthogonal CP ±0.28º. 
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Fig. 6. Ideal radiation patterns at 19.7 GHz and 29.5 GHz 
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Fig. 7. Simulated radiation patterns after optimization of RA cells. 

The proposed 1.8 m parabolic reflectarray has been 
designed by optimizing the lengths of the arcs and the 
dipoles to ensure the phase-shift of 180° between X’ and Y’ 
components at 19.7 and 29.5 GHz simultaneously. The 

simulated radiation patterns associated to the feed placed on 
the antenna focus are shown in Fig. 7 for both polarizations 
at 19.7 and 29.5 GHz. These patterns show that the beams 
are deviated ±0.28 degree at both Tx and Rx, as prescribed. 
Note that the side lobes level is slightly higher as a result of 
the design process at the Tx frequency. 

I V . MULTIBEAM PERFORMANCE 

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 R H C P and L H C P at both Tx and Rx 
frequencies. Then, 54 beams separated 0.56 degree will be 
generated when the reflectarray is fed by 27 feeds polarized 
in dual-CP, providing one half of the spots required for a 
conventional four-color coverage, see Fig. 8. 
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Fig. 8. Horn and beam configuration with the reference systems considered 

Due to the symmetry of the antenna system with respect to 
the xz-plane, the simulations consider only three rows of the 
cluster of feeds (feeds 1 to 16 in Fig. 8). Thus, the radiation 
pattern of the parabolic reflectarray has been computed 
considering the reflection matrix coefficients obtained 
through the SD-MoM analysis for every reflectarray cell. Fig. 
9 shows the pattern contours of the 32 spot-beams generated 
simultaneously at Tx and Rx frequencies by the 16 feeds, 
according to the four-colour frequency and polarization reuse 
scheme. The level of the contours is 46 dBi for the beams 
generated at 19.7 GHz and 45 dBi for the beams generated at 
29.5 GHz, which are the levels associated to a beamwidth of 
0.65º. The beams generated at 29.5 GHz reach values of 
maximum gain close to 53 dBi, while the beams generated at 
19.7 GHz present a maximum gain around 50 dBi. As 
previously defined, the beams at 19.7 GHz are generated in 
the orthogonal CP than the corresponding beams at 29.5 GHz 
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Fig. 9. Contours of 32 beams generated by 16 feeds simultaneously at 19.7 
GHz and 29.5 GHz 

The radiation pattern performance has been evaluated in 
cuts parallel to the principal planes of the triangular grid 
(horizontal cuts and cuts in 60º with the x-axis). Fig. 10.a 
shows the simulated radiation pattern in the plane v = 0 



(offset plane) produced by the feeds located in the central 
row (y=0) in RHCP at 19.7 GHz, there are no appreciable 
differences between the radiation performance in RHCP and 
LHCP at the same frequency. At 29.5 GHz, the beams 
radiated at the same directions than the previous beams are 
generated in the orthogonal CP, as shown in Fig. 10.b. The 
beam directions in both polarizations and frequencies are in 
good accordance with the requirements. 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. 
Furthermore, the beams at 29.5 GHz present a maximum 
gain around 2.5 dB higher than that the beams at Tx, which 
results in narrower beams for the same gain level. 
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Fig. 10. Patterns for the beams generated by feeds 1 to 5 for the cut v=0 in 

(a) RHCP and (b) LHCP at 19.7 and 29.5 GHz, respectively. 

The single-entry C/I could be enhanced by defining a 
slightly larger antenna diameter, which will reduce the beam 
distortion and the SLL, while the difference between the 
maximum gain of the beams at each frequency can be 
corrected by the phases introduced by the dipoles at Rx. As 
shown in Fig. 2, the dipoles can provide phases within a 360º 
phase range where the 180º phase difference between LP is 
fulfilled, in order to introduce phase corrections at 29.5 GHz 
at the same time as providing discrimination by VRT. A 
straightforward solution would consist of implementing an 
outer ring of phase noise on the phase distribution at Rx, in 
order to broaden the beam. This solution only requires two 
values of phases in the rotated system of the dipoles: a 
constant value φ for most of the reflectarray elements, as in 
the Tx phase distribution, and the supplementary value, 
φ+180º, for the reflectarray cells responsible for introducing 

the phase noise. In addition, the phase provided by the 
dipoles can be used to compensate the different position of 
the phase center of the horn at 29.5 GHz 

V . CONCLUSION 

A 1.8 parabolic reflectarray has been designed to provide 
54 beams separated 0.56 degree in one direction when it is 
fed by 27 feeds polarized in dual-CP at Tx and Rx 
frequencies. The simulated results presented here are 
promising and demonstrate the capability of reflectarrays to 
generate two beams per feed by discriminating in dual-CP 
simultaneously at Tx and Rx. 

The proposed antenna will allow a reduction in the 
number of feeds (each feed produces two beams in Tx and 
Rx) and number of antennas required for a multi-spot 
coverage, when compared with conventional reflectors. The 
four reflector antennas could be reduced to two reflectarrays 
operating simultaneously at Tx and Rx. 
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