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A printed reflectarray is a planar reflector made of one or more layers of microstrip patch
arrays. The resonant length of the microstrip patches can be conveniently varied in order to
produce a progressive phase shift of the reflected field, and this makes it possible to collimate
or to conform the radiated beam when the reflectarray is illuminated by a feed (usually a horn
antenna), just as it happens with conventional reflectors (J. Huang, J. A. Encinar, Reflectarray
antennas, IEEE Press/Wiley, 2008.). Printed reflectarrays present several technological advantages
when compared with conventional reflectors and phased arrays, such as low cost (specially in the
case of contoured beam designs), elimination of complex feed networks, possibility of use in dual
polarization applications with different beam shaping in each polarization, and possibility of use
in steerable or reconfigurable beam applications at a moderate cost (by insertion of controllable
devices such as PIN diodes, MEMs switches, varactors, etc).

A crucial stage in the design of reflectarray antennas made of patches of variable size is the
choice of the sizes of the patches that lead to the appropriate reflection phases for the generation
of a certain radiation pattern. When choosing the size of every patch, it is customary to assume
that each set of stacked patches is surrounded by an infinite periodic array of stacked patches of
the same size. This is known as the local periodicity assumption, and it makes it possible to design
reflectarray antennas within reasonable CPU times. The validity of the local periodicity assumption
is based on the fact that it leads to numerical results that show good agreement with experimental
results (J. A. Encinar, IEEE-AP, vol. 49, pp. 1403-1410). In the design of reflectarray antennas
under the local periodicity assumption, the electromagnetic analysis of the scattering of a plane
wave by periodic multilayered structures is typically performed tens of thousands of times, or even
more if an optimization is run to enforce the phase requirements at different frequencies as in (J.
A. Encinar et al. IEEE-AP, vol. 54, pp. 2827-2837). Therefore, to avoid the consumption of
prohibitive CPU times, it is necessary to have efficient tools for numerical analysis of such periodic
structures.

In this paper, we will use the Method of Moments in the Spectral Domain (R. M. Pous et
al., IEEE-AP, vol. 39, pp. 1763-1769) with Multilayered Green’s Functions (MoMSD-MGF) for
the analysis of the multilayered periodic structures that are required in the design of reflectarray
antennas under the local periodicity assumption. In particular, we will deal with periodic structures
containing either multilayered stacked patches in the unit cell or single-layer multiresonant parallel
dipoles in the unit cell. We will show that the use of basis functions with edge singularities in the
approximation of the current density on the patches and dipoles (W. C. Chew et al., IEEE-AP, vol.
36, pp. 1045-1056) leads to important computer memory and CPU times savings in the analysis
of the periodic structures. Also, a pole-zero matching technique will be introduced to obtain
closed-form rational approximations for the scattering matrix of periodic arrays of patches/dipoles
in terms of the dimensions of the patches/dipoles (M. Garcia-Vigueras et al., vol. 58, pp. 1971-
1979). These rational approximations are obtained from a small number of full-wave analyses of the
periodic structures, and they make it possible an important CPU time reduction in the conventional
design process of reflectarray antennas where a full-wave analysis of a periodic structure is usually
required every time the dimensions of the patches/dipoles are varied (J. A. Encinar, IEEE-AP,
vol. 49, pp. 1403-1410). Finally, we will make a comparison between multilayered stacked patches
(J. A. Encinar, IEEE-AP, vol. 49, pp. 1403-1410) and single-layer parallel dipoles as potential
elements for reflectarray antennas (J.A. Encinar et al., Granted patent P2004 01382). The results
obtained will show that both types of elements provide a similar bandwidth and a similar phase
range. However, the element based on parallel dipoles is preferable to the element based on stacked
patches since the former is simpler to manufacture and cheaper than the latter.


