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Fig. 1. Diagram of spin element: (a) xyz coordinates;

(b) rotation coordinates.
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Fig. 2. Transformation cross element: (a) Top view;
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(b) perspective view.
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Fig. 3. (color online) Reflected phase of z-polarized wave.
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Broadband circularly polarized high-gain antenna design
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Abstract

According to the Pancharatnam-Berry phase principle, a single-layer reflecting element is proposed for steering the
phase of the electromagnetic wave. The structure of the element is composed of metabolic cross wire and copper ground
sheet, which are separated by an FR4 dielectric substrate with a thickness of 3 mm. When the incident wave is circularly
polarized, different rotary angles of the element are used to achieve the co-polarization reflection with high efficiency in
a broadband of 11-16 GHz. In the design of the focusing metasurface, the phase compensation for forming a constant
aperture phase is provided by the individual reflected element with a different rotated angle. Remarkably, the size of
the element is only 5 mm (0.23)¢), and then it can be more accurate to control the phase of the array. The focusing
metasurface is composed of 15 x 15 elements with a focal length of 30 mm at 13.5 GHz. The designed sample is simulated
in CST Microwave Studio. The results show that the incident circularly polarized plane wave is well transformed into
a spherical wave in the band from 11 to 16 GHz, and the focal length is around 30 mm. For further application, a
unidirectional Archimedean spiral antenna is located at the focal point of the metasurface. According to the reversibility
principle of electromagnetic wave propagation, the spherical wave radiated by the feed antenna is converted into a plane
wave by the reflecting metasurface, so that the antenna gain is remarkably enhanced. Through adjusting the distance
between the feed antenna and the focusing metasurface, we find that 28 mm is the best distance. Finally, the feed
antenna and the metasurface are fabricated, assembled and measured. Numerical and experimental results are in good
agreement with each other, showing that the —1 dB gain bandwidth of the high-gain antenna is 12.5-16 GHz, and in
this band the peak gains are all over 19 dBc and the axial ratio is better than 3 dB. In addition, the aperture efficiencies
are more than 50% in the band from 12 to 15.5 GHz, especially the efficiency at 13 GHz reaches a highest value of 61%.
The good performances indicate that the proposed high-gain antenna has a highly promising application in portable

communication systems.
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