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Abstract

Recent developments in gradient-index (GRIN) and metasurface-based antennas are enabling low-cost,
compact, and highly directive multibeam solutions without the need for traditional beam forming networks
(BFNs). By replacing complex RF feeding systems with passive spatial control, these approaches offer
substantial reductions in hardware complexity, size, and cost. This talk highlights efficient GRIN lens synthesis
techniques designed for multifocal and multibeam operation. A generalized method—beyond classical ray
assumptions—enables accurate index profiles that ensure stable performance over wide frequency bands.
Supported by a fast geometrical optics solver based on the Fast Sweeping Method, this approach allows direct
computation of the spatial index needed to produce a desired field distribution, achieving precise beam shaping
and steering passively.

We also present metasurface antennas based on both space wave control and surface-wave excitation by
multiple point sources. These latter planar structures leverage engineered impedance or phase profiles to
convert guided waves into multiple directive beams in free space, entirely without BFNs. Such metasurfaces
are inherently thin and low-profile, and are well-suited for low-cost fabrication and integration.
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