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Abstract As the next-generation innovative technologies emerging after computers, smartphones, and the Internet,
virtual reality (VR) and augmented reality (AR) are changing the way we perceive and communicate with the world. VR/
AR head-mounted displays have flourished in the recent years, creating an increasingly urgent need for high-resolution and-
brightness miniature displays and small-volume and lightweight near-eye display opto-systems. As new ultra-thin optical
components with subwavelength nanostructures lined up on a two-dimensional plane, metasurfaces with powerful
electromagnetic wave modulation capabilities beyond traditional optical devices are accelerating the development of VR and
AR devices toward miniaturization and light weightedness. We first briefly introduce herein the basic principle of the VR/
AR display technology and review its development history. We focus on the design principles, performance
characteristics, and application methods of metasurfaces and metalenses in optical systems for VR/AR near-eye displays.
We then introduce the role and the application effects of metasurfaces in micro-display devices. In addition, we present the
micro- and nano-fabrication technologies related to metasurfaces and the large-area mass fabrication method. Finally, we
provide a summary of the metasurface-based VR/AR display technology and an outlook on its development prospects.
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Fig. 7 RGB achromatic metalens for VR/AR near-eye display””. (a) SEM image of the fabricated metalens; (b) focal intensity

distribution of the metalens in the XZ plane; (¢) schematic of VR mode; (d) VR image with 7 colors made by RGB mixing;

(e) schematic of AR mode; (f) RGB color imaging result of AR
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Fig. 8 Inverse design of discrete wavelength achromatic metalens with large aperture for VR near-eye display™”. (a) Forward simulator

using fast approximate solver; (b) inverse design based on concomitant optimization; (¢) schematic of VR near-eye display device

consisting of RGB achromatic metalens and micro-1.CD; (d) photograph of the fabricated metalens; (e) simulation result of full-

color VR imaging obtained by mixing RGB image channels
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Fig. 9 Metaform for AR near-eye display™’. (a) Schematic of
metaform; (b) photograph and locally zoomed SEM
image of the fabricated metaform; (c) top-down sketch of

AR glasses architecture based on metaform
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Fig. 10 Metasurface grating for AR near-eye display. (a) Stereo display based on polarization multiplexed metasurface grating

waveguides™’; (b) high-performance AR waveguide glasses based on metasurface gratings™”
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Fig. 11 Metasurface holographic AR display. (a) On-chip metasurfaces for multiplexed AR holographic display™’; (b) metasurface-

based holographic contact lens for AR display™”
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Fig. 12 Metasurface-driven OLED display™. (a) Design schematic of a meta-OLED with a metasurface mirror; (b) spectra of RGB

electroluminescence of a meta-OLED, with the solid line being the OLED with a metasurface mirror; (¢) SEM image of a

1. 2 mm subpixel mode meta-OLED and its electroluminescence image; (d) meta-OLED electroluminescence image with pixel

LED /& A 2 o ) 5 /R 3% 45 1Y 35 28 41 3 43 Fn &
6, e i DMD | LCoS #l micro-LED 4, & B &
SR RIOR R B 1) A e T O R B A PR
e . R AT OB S AT RS HE M 42, 51 % LED 4k
ML SR T A 86EE . SR, T iz Xt
NS I 0 B R AL 9 A AR KRR 2 T T EE A Ok
o S BB SR BUR G, TR 2020 48 i JH K27 3 B B
Gy BE R 5T A BN R G T — Fh 3k TR R Ik T 8
InGaN/GaN & 7 BF 548, il 13(a) s o X Fp i 1

size variation

B S 2= 5 R R T B SRR F T 1AL GO T A T AT
R RS FR R 28 01 DT AT 8 O e ) 38T 7 A B 78 Y L A
T 4 £ i IR SO HE o AR BIESE B TIE W] T 51 A &
T & % e AR R T RCRAE T AT S O
BRI SN T RCR IR T 29 1007 . BEJE  HE T
TR W52 AL 4 ) T — Fh fE GaP-LED Tl
P8 A B o A T Y K R R W 13(h) BT % F
AE A% LU BE £ 125 1) 400, OF HL T ASE 3R AT BB f
IR R AY 2 R = B e - W

2011002-11



$£59% F208/2022 F£ 10 B/ ¥t EXBETFEHE

Meta IV

®) (@

Functional metasurface LED
(beam

b (aw)

~BBEBEEEEE

350 400 450 S00 550 600
A (nm)

FI13 TR A LED G . (a) 3 T InGaN/GaN it T Ff 8 3 i 49 K AF 19 S P8 B (b) LED UM s i R w5 (o) )
TR LEDOGHR B JC 7 8 2 R R s (d) TR URL T 8 7 8 36 1 19 UL 858 LED /R 2 5 (o) UBUR O i 3 i

Fig. 13 Metasurface-based LED source. (a) Schematic of the device based on InGaN/GaN quantum well metasurface nanopillars™’;

(b) metasurface integrated on top of the LED""; (c) schematic of disordered metasurface for enhanced LED light extraction”";

(d) schematic of GaN-based LED with disordered metasurface deposited on top""; (e) electroluminescence spectral intensity"”’
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Fig. 14 Process for fabricating dielectric metaurface using electron beam lithography. (a) Flowchart of conformal filling process;

(b) flowchart of hard mask etching process
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Fig. 15 Large-area metasurface fabricated by DUV lithography™”
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Fig. 16 Batch fabrication nanoimprinting process for metasurface
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