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i By applying the waveguide principle of the Yagi-Uda antenna to LEDs that
were conventionally turned on by placing them extremely close to the wave source, we succeeded in

turning on the LEDs of all elements in the array at the same time, as far as 150 mm away from the
source. This revealed an interesting phenomenon: the LEDs could be turned on at a greater distance
without supplying additional power to the target, thanks to the guiding elements. The performance of
rectenna arrays was successfully improved by loop type, bent dipole type, multi-sectorization, and
impedance loading. For metasurfaces, varactor diode loading with large vias, beam direction control,
multibanding, and multivia loading were investigated, and the paper was accepted for publication.
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