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Abstract: Metasurfaces, the equivalent two-dimensional (2D) metamaterials, are thin-film functional devices con-
structed by subwavelength structures. Abrupt phase changes can be obtained in the planar metasurface structures
over the subwavelength scale, which provide a new avenue to enable a variety of applications, including large scale
planar imaging, electromagnetic virtual shaping and holographic display with large field of view. The arbitrary mod-
ulation abilities of phase, amplitude and polarization at the subwavelength scale, also the light weight, low loss,
integratable and conformable design make the metasurfaces very attractive, compared to the traditional optical de-
vices. In this paper, we review the mechanisms of the phase modulation and classify the metasurfaces based on
them. The properties and the applications of each type of metasurfaces are also detailedly discussed. The chal-
lenges faced by metasurfaces and the areas which need to be further extended are also summarized.
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Fig. 1 Dependence of propagation constant of SP in the slit on the slit width. The inset is the schematic of the structure.
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Fig. 2 Metasurface devices based on transmission phase modulation. (a) Deflector ?%. (b) Lens 2. (c) Experimental measurement of the

lens . (d) Optical vortex generator %,
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Fig. 3 (a) Achromatic metasurface based on SP waveguide and its focusing properties at different wavelengths 2. (b)
Achromatic dielectric metasurface and its focusing properties at different wavelengths 48], (c) Metasurface based on

modulation of effective refraction index and its focusing properties at different wavelengths
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Fig. 4 Schematic of the equivalent circuit for (a) transmissive metasurfaces, and (b) reflective metasurfaces.
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(d) Beam deflection by the triple layered transmissive metasurface *%.
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Fig. 8 Broadband metasurface devices based on circuit-type phase modulation through dispersion engineering. (a) Unit cell of
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superoscillatory lens. (b) Field distribution at the focal plane ™. (c) SEM image of optical vortex lens. (d) Meso-field distribution of the

optical vortex lens 7). (€) SEM image of meta-hologram. (f) Far-field light-intensity distribution of the holographic image ®°.
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Fig. 15 (a) Schematic and the SEM image of the catenary aperture. (b) Phase distributions of the catenary (red), parabola
(orange), crescent (blue), and discrete antennas (black dot) for LCP illumination. (c) Angular Spin Hall effect observed in a

single catenary aperture %,
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