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Fig. 1. Schematic diagram of reflected PB unit cell: (a) Free view of the unit cell; (b) top view of the original unit cell; (¢) top view

of the rotated unit cell.
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Fig. 2. Structural parameters of the composite metasurface:
(a) Model and parameters of the unit cell; (b) top view of
the typical unit cell.
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Fig. 3. The curves of reflection coefficient versus frequency
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C1, C2 and C3.
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Fig. 5. The phase distribution, simulated results and model of the linear array: (a) Linear distribution of left-handed, right-handed,
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Fig. 7. Phase distributions of circularly polarized deflector with reflections in different planes: (a) Right-handed circular polariza-

tion; (b) left-handed circular polarization; (c) propagating phase; (d) geometric phase.
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Fig. 8. Model and total power farfield radiation pattern of the circularly polarized deflector with reflections in different planes:

(a) Simulated model; (b) three-dimensional farfield radiation pattern of total power at 10 GHz.; (c) schematic of the measurement
in the anechoic chamber.
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Fig. 9. Farfield radiation patterns of right-handed and left-handed components. Simulated three-dimensional patterns of (a) right-
handed component and (b) left-handed component. Simulated and measured two-dimensional patterns on (c) zoz and (d) yoz plane.
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Fig. 10. Simulated three-dimensional farfield radiation patterns at other frequencies for the circularly polarized deflector with reflec-
tions in different planes: (a) 8 GHz; (b) 9 GHz; (c) 11 GHz; (d) 12 GHz; (e) 13 GHz; (f) 14 GHz.
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Fig. 11. Maps of the two-dimensional far-field pattern versus frequency on different planes for the circularly polarized deflector with
reflections on different planes: (a) zoz plane; (b) yoz plane (The symbols marked by red * are the theoretical values).
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Fig. 12. Phase distributions of the circularly polarized generator with directional and vortex-shape beams: (a) Right-handed circu-

lar polarization; (b) left-handed circular polarization; (¢) propagating phase; (d) geometric phase.
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Fig. 13. Model and radiation patterns of the circularly polarized generator with directional and vortex-shape beams: (a) Simulation

model; three-dimensional patterns of the total power (b), right-handed component (c), and (d) left-handed component at 10 GHz.
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Fig. 14. (a) The a-component electric field distribution at 10 GHz; (b) three-dimensional farfield radiation patterns at other frequen-

cies. Simulated and measured two-dimensional radiation patterns on zozplane (c) and yozplane (d) at 10 GHz.
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Abstract

Multifunctional device is powerful for promoting the development of a new generation of electromagnetic
systems, and the metasurface has attracted much attention in this field due to its flexible control of amplitude,
phase, and polarization of the electromagnetic wave.

It is very important to achieve different and arbitrary phase distributions for left-handed and right-handed
circularly polarized waves in designing circularly polarized lenses. Here, a strategy to control the propagating
phase and the geometrical phase simultaneously and independently is proposed by using a gap-loaded ring-
shaped composite element. Through adjusting the arm length and the orientation of the unit cell, the
propagating phase and geometric phase for the circularly polarized electromagnetic wave can be controlled
independently. The combination of above two phases is used to break the inherent relationship between the left-
handed and right-handed circularly polarized electromagnetic wave, which provides a new method of designing
bifunctional devices for circular polarization. On this basis, a circularly polarized deflector with reflections in
different planes and a generator with directional and vortex-shape beams are built by using the proposed
composite elements. Simulated and measured results show that the bifunctional devices for circular polarization

proposed in this paper can work well in a wide frequency range of 9-13 GHz.

Keywords: composite metasurface, bifunction, circular polarization, propagating phase, geometric phase
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