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Abstract: The refraction and reflection are basic phenomena in the propagation of all kinds of waves, such as light
waves, electromagnetic waves and acoustic waves, when they encounter the interface between different kinds of
materials. Recently, it is discovered that the traditional optical laws regarding refraction and reflection can be rewrit-
ten when artificially designed subwavelength arrays are fabricated on the interfaces. The revised laws provide
promising alternatives to achieve imaging, multi-physics decoupling and holographic display. Here we review the
recent progresses in this emerging topic, including the refraction and reflection behavior in various materials config-
urations, the fundamental theories and practical applications. Finally, based on our recent results, the shortcomings
of current researches are analyzed with a look towards the future trends of the overall area.
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Fig. 1 The laws of refraction and reflection at the interfaces between two homogenious materials. (a) Normal refraction and
reflection. (b) The refraction and reflection at the interface between double positive and double negative materials. (c) The refraction
and reflection at the interface between normal material and birefringent crystal. (d) The abnormal refraction effect associated with

hyperbolic materials!?®!.
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Fig. 2 Optical devices based on gradient materials. (a) Flat lens based on gradient index slab. (b) Flattened 3D Luneburg lens in the
microwave band“’. (c) Light propagation in artificial blackhole*®l. (d) Fabricated hyperlens designed for A=365 nm**.. (e) Hyperlens
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Fig. 3 Deflectors based on phase wrapping. (a) 2D dielectric grating with varing sizes in adjacent unit celis!™®. (b) Gradient

metamaterials!'®.
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Fig. 4 Generalized law of refraction. (a) The local phase shift is introduced by the nanoslits array'”. (b) The phase shift is

produced by the V-shaped nanoantennas!®.
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Fig. 5 Flat lenses based on nanoslits array. (a) Schematic of the flat lens!"”.. (b) Experimental demonstration of (a) in the visible

range. From left to right: SEM image, experimental and simulated results®®. (c) Fractal angular momentum generators based on
deformed nanoslits®®®l. (d) High-order Bessel beam generators based on catenary nanostructures!'® 5%,

B/6 MAFPdmifss) I (a) BHMEREDMmp5e a4aB0Y 422 300 nm. (b) F4“H 4 w42 R0,
ARR: 10 pm. (¢) ARMGHCRID, 7R 10 um. (d) 22 248 AP (e),() k(K 632.8 nm)& &t 2 & HBL
Fig. 6 Generalized refraction law for plannar imaging. (a) SEM image of the metasurface objective®”. Scale bar: 300 nm. (b) SEM

image of the object “H” . Scale bar: 10 um. (c) Image of the object®. Scale bar: 10 pm. (d) Photograph of the metasurface-based
telescope®. (e), (f) Focal spots for red light (left, A=632.8 nm) and white (right) light"®.
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Fig. 7 Virtual shaping technologies based on arbitrary reflection. (a) Schematic of the skin cloak®®. (b) Measurement of the
cloaking performance!®. (c) Sketch map of the virtual shaping device?”). (d) Simulated radar cross section (RCS) reduction!?”.
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Fig. 8 Metasurface holographic devices based on MLRR. (a) Schematic of the off-axis full-color holography'®.. (b) Holographic image
of the China map®. (c) Holographic map of the Sun Phoenix?®. (d) Schematic of the high-efficiency reflective hologram™. (e) SEM

image of the reflective hologram. (f) Diffraction efficiency of the device shown in (€)"%. (g) SEM image of the infrared high-efficiency
metasurface. (h) Holographic image of B-2 in the infrared band. (i) 3D holographic image of the F-22 in the visible band.
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