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Abstract This communication presents a novel low-profile broadband 
polarizing reflector to convert dual linear polarization (LP) into dual 
circular polarization (CP). The polarizing cell is based on printed dipole 
technology and presents a wideband performance in Ka-band. The 
dimensions of the printed dipoles are adjusted cell by cell to improve the 
reflection phase performance against variations in the incidence angles or 
in the cell dimensions. A 25-cm flat polarizing reflector demonstrator has 
been designed, fabricated and tested. The design has been optimized for 
transmit (19.2-20.2 GHz) and receive (29-30 GHz) frequencies in Ka-
band, but the broadband behavior of the cell provides satisfactory results 
also at the intermediate frequencies. The measured patterns show a good 
agreement with the simulations, with an axial ratio lower than 1.8 dB 
within the 19.2-30 GHz band. The proposed polarizing reflector can be 
used for novel multibeam antenna configurations to produce multi-spot 
coverage in Ka-band with a smaller number of apertures. 

 

Index Terms Polarizing reflector, dual polarization, circular 
polarization, multibeam antennas, satellite communications. 

I. INTRODUCTION 

The design of polarizing reflective surfaces has attracted an 
increased interest over the last years, due to their applications in 
multiple beam antenna (MBA) systems for communication satellites 
in Ka-band. Current MBAs typically employ four reflector apertures 
operating in a single feed per beam (SFPB) basis to provide cellular 
coverage at transmit (Tx) and receive (Rx) frequencies in Ka-band, 
exploiting  frequency and polarization reuse to increase the system 
capacity [1]-[2]. A significant effort has been done to reduce the 
number of antennas required to produce the complete coverage [3]-
[9]. Some of the proposed MBA concepts, such as multiple feed 
per beam (MFPB) architectures [3], direct radiating arrays [4] and 
active lenses [5] have the drawbacks of higher complexity and cost 
than standard SFPB reflector technology. Reflectarray antennas have 
been investigated to generate two spaced beams per feed in 
orthogonal circular [6] or linear [7]-[8] polarization (CP, LP), but a 
further effort is required to demonstrate their capability to fulfill the 
stringent requirements of satellite MBAs. 

One attractive solution to produce adjacent spots in right-hand and 
left-hand CP (RHCP, LHCP) that keeps SFPB operation is based on 
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two dual-reflector systems with a polarization selective subreflector 
(PSS) [9]. The PSS allows to combine two separate feed clusters 
operating in orthogonal polarization, so that only two main apertures 
are required to produce a four-color multispot coverage for Tx and 
Rx in Ka-band. The two antennas can be accommodated in one of the 
lateral faces of the satellite, with a substantial reduction in volume 
and weight compared to the standard four-reflector configuration [9]. 
One possible implementation of the dual-reflector system is based on 
a CP selective subreflector illuminated by dual-band CP feeds. CP 
selective surfaces based on multi-layer meander line designs [10]-
[11] have been proposed to be used as PSS, but they require a large 
number of stacked layers. A two-layer CP selective surface has been 
shown in [12], but it provides limited bandwidth. On the other hand, 
the use of an LP selective subreflector (e. g., a dual-gridded reflector 
[13] or a flat reflectarray [14]-[15]) illuminated by dual-band LP 
feeds reduces the design complexity of the PSS, although it requires a 
polarizing main reflector to convert dual-LP into dual-CP at both Tx 
and Rx frequencies [9]. 

Several works have been reported on the design of linear-to-
circular polarizing reflective surfaces based on periodic arrays of 
printed elements [16]-[19]. Broadband polarizing surfaces were 
demonstrated in Ku-band [16], showing a 3-dB axial ratio relative 
bandwidth of around 60%. In [17], a dual-band polarizing reflective 
surface was shown to provide orthogonal CP in Tx and Rx bands, but 
the large unit-cell dimensions can lead to the appearance of grating 
lobes. The dual-band polarizing cell presented in [18] avoids this 

-
layer polarizer operating in reflection was designed and demonstrated 
[19], showing a conversion from dual-LP into dual-CP from 20 to 30 
GHz with low axial ratio (less than 2 dB) for angles of incidence of 
up to 20º; however, the axial ratio increases for larger angles of 
incidence. Polarizing surfaces in transmission mode typically require 
a larger number of layers than their reflection counterparts [19]-[21]. 
A dual-band transmission polarizer has been recently demonstrated in 
[22] using three layers. In all the previous works, the geometry of the 
polarizing cell is adjusted for specific incidence and periodicity 
conditions, and then the cell is replicated to form a periodic array of 
elements. In [23], some aperiodic adjustments were introduced in the 
cells of the polarizing surface to reduce the cross-polarization. 

In this paper, the authors propose a novel low-profile broadband 
polarizing reflector to convert dual-LP into dual-CP. The polarizing 
cell is based on printed dipole technology and presents a wideband 
performance in Ka-band (a relative bandwidth larger than 50% with 
an axial ratio less than 2 dB). The dimensions of the dipoles on each 
cell are adjusted to provide an improved performance and 
compensate the variations in the incidence angles or in the cell 
dimensions between neighbor cells. A 25-cm flat polarizing reflector 
prototype has been fabricated and measured in order to demonstrate 
the proposed concept for LP-to-CP conversion. This technology can 
be used to design the main reflector of a dual-reflector configuration 
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as the one shown in Fig. 1, where the subreflector is a dual-band 
reflectarray illuminated by a cluster of feeds radiating in dual-LP. 
The reflectarray subreflector will be able to provide independent 
phase adjustment in each LP at both Tx and Rx, through the use of 
reflectarray cells as those presented in [14]-[15]. This will allow to 
deviate the RHCP and LCHP beams produced by the main reflector 
in opposite directions, changing the sign of the deviation between the 
Tx and Rx bands in order to produce orthogonal spots at Tx and Rx, 
as it is typically required for multispot coverages in Ka-band [2].  

 
Fig. 1 Dual-reflector configuration to produce multiple beams in dual-CP, 

formed by a flat reflectarray subreflector and a parabolic polarizing reflector. 

II. BROADBAND POLARIZING CELL 

The polarizing cell consists of three parallel dipoles placed 
forming an angle of 45º with respect to the x-axis in the absolute 
reference system of the cell, as shown in Fig. 2(a). The dipoles are 
characterized by their length (Li), width (wi) and separation (S). The 
lateral dipoles have the same dimensions, in order to reduce the 
cross-polar components by keeping the symmetry with respect to the 
central dipole. The cell is composed of two dielectric layers, see Fig. 
2(b). The upper dielectric is a Rogers Rflex3000 flexible substrate, 
with thickness hB rB = 2.9 and 

B = 0.0025. This layer acts as a protective coat (the dipoles would 
be printed on its inner side) and it will be bonded to a foam of 
thickness hA = 3 mm (Divinycell-HT81, with rA A = 
0.0005), which is backed by the ground plane. Note that a second 
reference system (x y
the xy-plane of the absolute x and y axes. The definition of the 

i i) is depicted in Fig. 2(c). 
The operating principle of the polarizing cell can be explained as 

follows. Assuming a linearly polarized wave with the electric field in 
the direction of the x-axis that strikes at normal incidence the periodic 
cell, the incident electric field can be decomposed into two 
orthogonal components of the same amplitude, one in the direction of 
the positive x -axis and the other in the direction of the negative y -
axis, as shown in Fig. 3(a). The geometrical parameters of the cell 
(dipole lengths, widths, etc.) can be adjusted to provide 90º difference 
between the phase of the reflected x -component (controlled by the 
dipoles) and the phase of the reflected y -component (orthogonal to 
the dipoles, so it will be reflected by the ground plane). The same 
applies when the incident field is oriented in the direction of the y-
axis, and two orthogonal components in the directions of the positive 
x y Fig. 3(b). Thus, if the requirement of 
introducing 90º phase shift between x y
the reflected field will be circularly polarized, being RHCP or LHCP 
depending on the polarization of the incident field. This principle can 

be applied in the same way for a wave striking at oblique incidence.  
The reason for using three dipoles is to provide more degrees of 

freedom for the design of the polarizing reflector. The lengths of the 
dipoles on each cell will be adjusted to compensate the effect of 
variations in the incidence angles or in the cell dimensions (which is 
not the case of a flat polarizing surface, but it is significant in a 
parabolic reflector, as the one shown in Fig. 1) in the cell response, in 
order to keep the 90º phase shift between the reflected x y
components. Also, the three-dipole cell provides a broadband 
response of the phase difference curve, as will be shown later.  

 
(a) 

 

 
(b) 

Fig. 2 Upper (a) and lateral (b) views of the polarizing cell, which consists of 
three coplanar parallel dipoles placed with 45º slant with respect to the x-axis.

  
(a)                                                  (b) 

Fig. 3 Concept for converting dual-LP into dual-CP: (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. 

The geometrical parameters of the cell have been adjusted to 
provide 90º phase difference between the reflected x y
components of the electric field at both Tx (19.2-20.2 GHz) and Rx 
(29-30 GHz) frequencies in Ka-band, considering oblique incidence 

i i = 0º). The dimensions of the cell have been 
set to PX = PY 
the appearance of grating lobes at the higher frequencies. The values 
selected for the dipole dimensions are as follows: L1 = 3.2 mm, w1 = 
0.4 mm, L2 = 4 mm, w2 = 0.6 mm, S = 1.1 mm. Fig. 4 shows the 
amplitude and phase of the reflection coefficients associated to the 
linear components in the rotated reference system (x y
polarizing cell designed with the previous parameters under i = 20º, 

i = 0º incidence. The cell has been analyzed using an in-house 
Method of Moments in the Spectral Domain (SD-MoM) code [24] 
and assuming it is placed in a periodic environment. The SD-MoM 
simulations have been validated using the commercial software CST 
Microwave Studio [25], and both results are included in Fig. 4. As 
can be seen, there is a quite good agreement between the curves 
obtained by the SD-MoM code and by CST. The amplitude of the 
reflection coefficients associated to the x y
than 0.03 dB for frequencies below 31 GHz (the simulations account 
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for the dielectric losses of the substrates; the conductivity losses of 
the copper are almost negligible at these frequencies). The amplitude 
of the cross-polar coefficients is lower than -20 dB within the 17-32 
GHz band. The difference between the phases of the co-polar 
reflection coefficients presents a steady response within the 18-31 
GHz band, with values close to -90º. The geometrical parameters of 
the polarizing cell have been adjusted to achieve exactly -90º at 19.7 
and 29.5 GHz (central frequencies for Tx and Rx in Ka-band), but the 
broadband performance of the cell allows to obtain very good results 
also at the intermediate frequencies.  

 

   
(a) 

 
 (b) 

 
(c) 

Fig. 4 
amplitude of the (a) co-polar and (b) cross-polar reflection coefficients 

associated to the x y -polar reflection 
coefficients and difference between them. 

Fig. 5 shows in solid lines the variation in the phase difference 
between the reflected x y

i and the cell period PX, considering the lengths of 
the dip i i = 0º and PX = 5 mm 
(named as design A). It can be observed that the variation of the 
previous parameters has a negative impact on the performance of the 
polarizing cell, leading to significant errors with respect to the 
required -90º phase difference, especially at 30 GHz. To overcome 
this problem, the lengths of the dipoles have been adjusted by means 

of a dual-frequency optimization technique to maintain the -90º phase 
at both 19.7 and 29.5 GHz. The dipole lengths resulting from the 
optimization are as follows: 1) L1 = 2.975 mm and L2 = 4.25 mm for 

i = 0º and PX = 5 mm (design B), 2) L1 = 2.9 mm and 
L2 i = 10º and PX = 4.75 mm (design C), and 3) L1 = 
3.54 mm and L2 i = 28º and PX = 5.3 mm (design D). 
The phase difference curves obtained after the optimization of the 
dipole lengths have been included in Fig. 5, in dashed lines.  

The axial ratio of the reflected RHCP and LHCP has been depicted 
in Fig. 6, considering different designs of the dipoles (A, B C and D) 
and their associated incidence angles and cell dimensions. The cell 
presents a broadband performance within the 18-31 GHz band, where 
the axial ratio is below 2 dB (a relative bandwidth of 53%). An axial 
ratio less than 1.3 dB can be achieved within the same frequency 

i = 20º. The lowest values of axial 
ratio (<1 dB) in all the cases studied correspond to frequencies 
around 19.7 and 29.5 GHz, which are the two frequencies where the -
90º phase difference condition has been enforced. 

 
Fig. 5 Difference between the phases of the reflected x y
different angles of incidence and cell dimensions, considering four different 

designs of the dipoles (A, B, C and D). 

 
Fig. 6 Axial ratio provided by the polarizing cell for the reflected RHCP and 
LHCP waves, considering different dimensions of the dipoles (designs A, B, 

C and D) and their associated incidence and periodicity conditions. 

III. EXPERIMENTAL VALIDATION 

A 25-cm flat polarizing reflector demonstrator has been designed, 
manufactured and tested in order to validate the proposed concept for 
broadband dual-LP to dual-CP conversion in Ka-band (see Fig. 7). 
The prototype consists of a rectangular array of 54 x 54 cells, where 
the lengths of the dipoles on each cell have been adjusted to provide 
90º phase shift between the orthogonal linear components of the 
reflected field, accounting for the real incidence angles from the feed. 
The design of the dipoles has been optimized for Tx (19.2-20.2 GHz) 
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and Rx (29-30 GHz) frequencies in Ka-band, but the broadband 
performance of the polarizing cell will allow to obtain satisfactory 
results also at the intermediate frequencies, as will be shown latter.  

The lower dielectric layer is a 3-mm foam (Rohacell 51-HF) with 
rA A = 0.0021, and the upper 

rB 
B = 0.005. The dipoles have been photo-etched on the 

inner side of the DSflex 600 sheet, and then, the substrate has been 
bonded to the foam using 3M Adhesive Tape 927. The same adhesive 
has been used to bond the other side of the foam to the copper ground 
pl r 

considered in the design of the dipoles. 
The 25-cm flat polarizing reflector has been illuminated using a 

Ka-band horn of 60-mm diameter, which is placed in an offset 
configuration, see Fig. 7. The feed is located 43 cm away from the 
polarizer along the z-axis (vertical axis), with an offset of 12 cm in 
the direction of the x-axis, so that it illuminates the reflectarray center 
with an angle of 15.5º. This feed position was chosen to avoid 
blockage of the beam, which is radiated in the specular direction of 

b = 15.5º in the xz-plane). Note that the polarizing reflector 
does not collimate the beam, as it only converts the incident LP from 
the feed in reflected CP. The subtended angle from the feed on the 
25-cm polarizer is 31º, which results in around -11 dB edge 
illumination at the lowest frequency (19.2 GHz). 

 
    Fig. 7 Picture of the prototype in the anechoic chamber and detail of the 

printed dipoles. 

The simulated radiation patterns of the designed polarizer in the 
xz-plane for LHCP at 19.7 GHz and 29.5 GHz (central frequencies of 
the Tx and Rx bands) are shown in Fig. 8. The results for RHCP are 
not included in Fig. 8 since they are very similar. A conventional 
cosq

on electromagnetic simulations provided by the manufacturer of the 
horn [26], resulting in q = 35 at 19.7 GHz and q = 63 at 29.5 GHz. In 
order to evaluate the performance of the linear-to-circular 
polarization conversion, additional simulations have been carried out 
by eliminating the dipoles and computing the radiation patterns in 
dual-LP obtained by direct reflection in the copper ground plane 
(note that the two dielectric layers placed above the ground plane are 
still considered in the simulations, but not the dipoles). The results 
for X-polarization have been included in the patterns shown in Fig. 8. 
The reduction in the gain of the co-polar components for LHCP and 
RHCP with respect to the linear polarized beams reflected by the 
ground plane (X and Y) is lower than 0.1 dB, while the cross-polar 
levels for RHCP and LHCP are several dB higher than in the LP case, 
as a consequence of the polarization conversion. Despite this fact, the 
cross-polar components of each CP are more than 25 dB below the 
co-polar maximum at both operating frequencies (axial ratio < 1 dB). 

The fabricated demonstrator has been tested at the anechoic 
chamber of the Universidad Politécnica de Madrid, in a compact-
range measurement system. The radiation patterns of the polarizing 
reflector in the xz-plane and in the orthogonal plane forming 15.5º 

with the z-axis (azimuth) have been measured at several frequencies 
ranging from 19.2 to 30 GHz. The results for LHCP are presented in 
Fig. 9 (note that very similar results are obtained for RHCP). 

 

(a)                     

 
(b) 

Fig. 8 Comparison of simulated radiation patterns for the designed polarizer 
with printed dipoles (radiating in CP) and without dipoles (radiating in LP) in 

the xz-plane: (a) at 19.7 GHz and (b) at 29.5 GHz. 

(a) 

 
(b) 

Fig. 9 Superposition of measured radiation patterns in LHCP (xz-plane): (a) 
frequencies from 19.2 to 25 GHz and (b) frequencies from 27 to 30 GHz.
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Since the polarizing reflector only converts the incident dual-LP 
into reflected dual-CP, the gain and beamwidth of the measured co-
polar patterns shown in Fig. 9 are determined by the feed-horn, which 
is more directive at the higher frequencies. The measured cross-polar 
levels are greater than in the initial simulations, varying between -23 
dB (at the lower frequencies) and -20 dB (at the higher frequencies) 
with respect to the co-polar maximum. This can be checked by 
comparison with the simulated patters shown in Fig. 8, where the 
maximum cross-polar levels at 19.7 and 29.5 GHz are around -25 dB 
and -30 dB, respectively. 

Several factors were investigated as potential causes that can 
deteriorate the cross-polar patterns: variations in the electrical 
properties of the dielectrics, feed positioning, manufacturing 
tolerances, etc. Finally, it was checked that the cross-polar increase 
was mainly produced by the variation in the thickness of the foam 
sheet (from 3 mm to 2.85 mm) during the manufacturing of the 
prototype, as a consequence of the bonding process with the upper 
dielectric and the ground plane. This reduction in the foam thickness 
has a negative impact on the performance of the polarizing cell, 
leading to higher cross-polar levels. This fact was taken into account 
in the simulations of the 25-cm polarizer, resulting in a quite better 
agreement with the measurements, as can be seen in Figs. 10 and 11 
for the RHCP patterns at 19.7 GHz and 29.5 GHz, respectively (the 
results are very similar for both CP, so only RHCP is shown). It can 
be observed a small ripple in some of the patterns, which is mainly 
due to diffraction effects in the edges of the 25-cm panel and to small 
inaccuracies in the measurement experimental setup. Apart from the 
small discrepancies caused by these factors, a quite good matching 
has been obtained between simulated and measured patterns. 

 
(a) 

 
(b) 

Fig. 10 Comparison of measurements and corrected simulations for the 
radiated RHCP at 19.7 GHz in the (a) xz-plane and (b) azimuth plane. 

 
(a) 

 
(b) 

Fig. 11 Comparison of measurements and corrected simulations for the 
radiated RHCP at 29.5 GHz in the (a) xz-plane and (b) azimuth plane. 

The measured cross-polar levels at different frequencies in Ka-
band (from 19.2 GHz to 30 GHz, a relative bandwidth of 45%) are 
between -23 dB and -20 dB below the co-polar for both RHCP and 
LHCP, which leads to an axial ratio between 1.23 dB and 1.74 dB, 
see Fig. 12. These results could be improved by a more careful 
fabrication of the polarizing reflector. If the variation in the foam 
thickness is kept below ±0.055 mm, the axial ratio will be less than 1 
dB within the same frequency band, as it is shown in Fig. 12 for the 
initial simulations of the 25-cm flat polarizing reflector with a 3-mm 
thick foam. These results demonstrate the proposed concept for a 
broadband polarizing reflector that is able to transform dual-LP into 
dual-CP, covering both downlink and uplink frequencies in Ka-band.  

  
Fig. 12 Axial ratio versus frequency for the 25-cm flat polarizer demonstrator, 
comparing measurements, initial simulations (with a foam thickness of 3 mm) 

and corrected simulations (with a foam thickness of 2.85 mm).
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IV. CONCLUSION

A broadband linear-to-circular polarizing reflector has been 
proposed and validated. The polarizing cell is composed of three 
coplanar parallel dipoles placed with 45º slant with respect to the 
direction of the normally-incident LP waves. The element provides 
around 50% relative bandwidth for an axial ratio lower than 2 dB 
under different incidence and periodicity conditions. The proposed 
cell has been used to design a 25-cm flat polarizing reflector 
demonstrator, for operation at Tx and Rx frequencies in Ka-band. An 
optimization procedure based on adjusting the lengths of the dipoles 
on each cell has been implemented to compensate variations in the 
cell response produced by the changes in the incidence angles and/or 
in the cell dimensions. The radiation patterns of the demonstrator 
have been measured at different frequencies in Ka-band (from 19.2 to 
30 GHz), showing a quite good matching with the simulations. The 
polarizing cells and the optimization technique demonstrated here can 
be directly applied to design a parabolic polarizing reflector to 
generate adjacent beams in orthogonal CP for communication 
satellites in Ka-band.    
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