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Fig. 1. Schematic diagram of transmissive Huygens’ meta-atom: (a) The designed transmissive Huygens’ meta-atom; (b) side view;

(c) schematic diagram of electric dipole; (d) schematic diagram of magnetic dipole.
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Fig. 2. Transmission responses of the Hugens’meta-atom: (a) Transmission amplitude spectral of the unit cell; (b) transmission
phase spectral of the unit cell; (¢) transmission amplitude response of the meta-atom as functions of L, and L; (d) transmission
phase response of the meta-atom as functions of L, and L,,; (e) current distributions on the electric dipole; (f) currents distributions

on the magnetic dipole.
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Fig. 3. Schematic diagram of the cavity-excited metasur-
face: (a) Top view of the cavity; (b) front view of the cav-
ity; (c) cavity-excited metasurface.
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Fig. 4. Electric field distributions of amplitude and phase along different angles: (a) Waveguede without metasurface loaded; (b) an-

tenna 1; (c) antenna 2; (d) antenna 3.
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Fig. 5. Far-field pattern of the cavity-excited metasurface with different phase gradient: (a) Antennal;(b) antenna 2; (c) antenna 3.
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Fig. 6. The fabricated open cavity and metasurfaces: (a) Open cavity; (b) metasurfaces with different phase gradient; (c) front view

of the cavity-excited metasurface; (d) side view of the cavity-excited metasurface.
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Fig. 7. The environment of the anechoic chamber.
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Fig. 8. Measured S11 parameters of open cavity and cavity-
excited metasurface with different phase gradient: (a) Open

cavity without metasurface; (b) antenna 1; (c¢) antenna 2;
(d) antenna 3.
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Fig. 9. E-plane far-field pattern of cavity-excited metasur-
face: (a) Cavity without metasurface; (b) antenna 1; (c) an-

tenna 2; (d) antenna 3.
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Abstract

In this paper, cavity-excited Huygens’ metasurface is proposed for high-efficiency wavefront manipulation.
By adjusting the length of electric dipole and magnetic dipole , the proposed Huygens’ metasurface meta unit
can provide nearly 360° phase coverage with sufficiently high transmission efficiency. Based on the analysis of
the resonance mode of the cavity, the Huygens’ metasurface has successfully performed its function by adopting
integrated feeding method. According to the generalized Snell’s law, metasurfaces with different phase gradients
are designed. Combined with the cavity structure, one-dimensional Huygens’ metasurfaces excited by cavity is
realized, which can directionally emit the electromagnetic waves from the cavity. Both the simulation and
experimental results show that the proposed cavity excited metasurfaces can effectively manipulate the direction
of the emitted beam. Such a kind of cavity-excited metasurface can flexibly control the emission angle of the
electromagnetic wave, reduce the energy loss and improve the efficiency of the electromagnetic wave. These

designs have the advantages of compact, light and easy integration.
Keywords: cavity-excited, integrated feeding, Huygens’ metasurface, wavefront manipulation.
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