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Abstract: As an important branch of electromagnetic metamaterials, hyperbolic metamaterials become the focus of
research for their unique property of controlling near-field waves. Hyperbolic metasurface is a new type of planar
metamaterials with hyperbolic dispersion relationship and has many similarities in theory and applications with hy-
perbolic metamaterial. Compared with the bulk hyperbolic metamaterials, hyperbolic metasurfaces exhibit more ex-
cellent performances because the large reduction in the longitudinal dimension limits the propagation of the elec-
tromagnetic waves in the two-dimensional plane. In the first part of this review, we introduce hyperbolic metamaterial
with its theory, implementation and applications. The latter part of the review is about hyperbolic metasurfaces and
their potential applications. We also point out the restrictions of the hyperbolic metamaterials and metasurfaces and
the prospect of future applications.
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Fig. 1 Isofrequency surfaces of the TM-polarized
wave in hyperbolic metamaterials ['*.
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Fig. 2 (a) Schematic of the metal-dielectric multilayer structure, &, u, d represent the permittivity, permeability and film thickness
respectively (201 (b) The real part of the permittivity of a semiconductor multilayer structure, ., g represent the permittivity that are
perpendicular and parallel to the film, respectively ['®. (c) Schematic diagram of the nanowire array structure, d is the period of the

nanowire array and r is the radius of the metal nanowire ['®.
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Fig. 3

(a) Hyperbolic dispersion relationship in nanowire array structure "), (b) Simulated negative refraction of hyperbolic

metamaterials ['®. (c) Schematic of a silver nanowire hyperbolic metamaterial as well as scanning electron microscopy images showing
the top and side views of the nanowires. The scale bars indicate 500 nm [8!,
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Fig. 7 (a) Schematic of metasurface based on grating structure . (b) The dispersion relationship of the grating metasurface at differ-
ent wavelengths. The grating period is 120 nm, the width is 60 nm and the height is 80 nm "% (c) The simulated negative refraction of the

grating metasurface with 500 nm incident wave. The grating period is 100 nm, the width is 40 nm and the height is 100 nm Y4, (d)~(f)
Propagation of surface plasmons along the metasurface at three different wavelengths of (d) 500 nm, (e) 543 nm and (f) 633 nm 4.,
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Fig. 8 Image of SPPs refraction at different wavelengths. The grating period is 150 nm, the width is 90 nm and the height is 80 nm %!,
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hyperlens !,
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