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Multi-dimensional metasurface and its application in information

encryption and anti-counterfeiting

Deng Zilan, Tu Qing'An, Li Xiangping’

(Guangdong Provincial Key Laboratory of Optical Fiber Sensing and Communications, Institute of Photonics Technology,

Jinan University, Guangzhou 510632, China)

Abstract: Metasurface is an artificial layered material with a subwavelength or wavelength-scale thickness. By
adjusting the size, shape, orientation angle, displacement, etc. of the metasurface nanostructures, dimensions of
electromagnetic wave including frequency, amplitude, phase, polarization, wavelength, etc. can be flexibly and
effectively controlled. Metasurface has various characteristics including the ultra-thin thickness, broadband, low
loss, easy processing, flexible design and powerful functionalities. This paper reviewed metasurfaces capable of
one-dimensional, two-dimensional, multi-dimensional, and active light field manipulations and their applications
in information encryption and anti-counterfeiting. An outlook was given for the future development trend of
multi-dimensional metasurfaces. Compared with the traditional information encryption and anti-counterfeiting
technology, the metasurface has the superior advantages in sub-wavelength pixels, precise controlling and ultra-

secure factor in information encryption and anti-counterfeiting. Its bright futureto replace the traditional
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information encryption and anti-counterfeiting technology was envisioned, and its broad application prospects

were underpinned.
Key words: metasurface;

feiting;  holography
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Fig.1 (a) Resonance phase based on the size of H-type antenna structure™™; (b) Geometric phases based on the rotation of superstructure atoms within a

unit period®”; (c) Transmission phase based on the size of the columnar nanostructure®'); (d) Detour phase based on the relative displacement of

the superstructure atoms in the unit period®*!
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Fig.2 (a) Amplitude-only holography based on subwavelength nanopore diffraction”; (b) High efficient phase-only holography based on geometric

phase!™”; (c) Hidden metasurface of the polarized image in the laser beam based on Marius's law
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Fig.3 (a) Complex amplitude holographic display based on X-type atom"”; (b) A color-coded image combining polarization and wavelength”®”

(c) Color filter combining polarization and wavelength®®; (d)

Colorful holograms combining phase and wavelength™); (e) Vector holography

based on metal orthogonal diatomics and display of arbitrary polarization states”; (f) Vector holographic encryption combining phase and

polarization!”"!
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Fig.5 (a) Dual holographic display based on the switch between crystalline state and amorphous state under thermal stimulation of GST phase change

material®; (b) Dynamic holographic and optical information encryption based on hydrogenation/dehydrogenation chemical reactions'”;

(c) Multiplex holographic display based on polydimethylsiloxane elastic substrate®
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