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A dual-frequency reflectarray cell is proposed in this work to provide a progressive phase shift of opposite sign
in each circular polarization (CP), by applying a variable rotation technique (VRT) [1], The proposed
reflectarray cell consists of two symmetrical arcs printed on the top surface and two orthogonal sets of parallel
dipoles printed on two levels of a grounded dielectric substrate, see Figure 1. The arcs and dipoles are rotated
independently to control the phase in CP at the lower (19.7 GHz) and higher (29.5 GHz) frequencies
respectively. This reflectarray cell can be used to generate two adjacent beams in orthogonal CP per feed at
transmission (Tx) and reception (Rx), in order to reduce the number of feeds and antennas required in current
multi-spot satellites operating in Ka-band, as proposed in [1] for a single frequency band.
A home-made analysis routine based on the Method of Moments in the Spectral Domain (SD-MoM) and the
local periodicity approach has been used for the analysis of the cell. This technique has been applied in previous
works to analyze other reflectarray cells based on similar resonant elements, obtaining accurate results [2], The
length of the printed arcs has been adjusted to ensure a phase-shift of 180° at 19.7 GHz between the linear
components in the rotated cell, which is the condition for VRT. On the other hand, the lengths of each set of
dipoles can be varied to provide an additional phase-shift and to keep the required 180° phase-shift between
linear components. Assuming dielectrics (er = 2.3) of thickness 1.524-mm for the lower and 0.127 mm for the
upper layers, the simulated phase of the co-polar components of reflection coefficients (Rxx and RYY) at 29.5
GHz varies with the lengths of the dipoles in a range larger than 400°, as shown in Figure 1(b). These results
show a good concordance between the curves obtained by CST Microwave Studio® and the SD-MoM
software. The phase variation produced by the dipoles can be used to properly shape the beam at 29.5 GHz. For
example, in satellite antennas operating at Tx (19.2 -20.2 GHz) and Rx (29-30 GHz), the beam at Rx should be
shaped to ensure the same beamwidth at Tx and Rx. It has been checked that the phases for both orthogonal
CP's are almost independent for Tx and Rx and they are proportional to twice the rotation angle of arcs at Tx
and twice the rotation angle of dipoles at Rx, respectively. Figure 1(c) shows the phase-shift at 19.7 GHz for
both CP components obtained by CST and SD-MoM, showing a good agreement.
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Figure 1. Reflectarray cells (a) and simulated phases: for linear compponents vs. lengths of central dipoles at
29.5 GHz (b) and for CP components at 19.7 GHz (c).
The proposed reflectarray cell could be used on a parabolic surface to generate two adjacent beams at Tx and
Rx frequencies for each feed operating in dual-CP. This concept, applied to multi-spot satellites in Ka band,
will allow a reduction in the number of feeds and antennas with respect to conventional reflectors.
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