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Abstract: Polarization, as one of the basic characteristics of light, is widely utilized in communication, imaging,
optical encryption, and other fields. However, traditional polarization devices face numerous problems such as large
size and low integration. Due to their unique light field manipulation mechanisms, subwavelength-scale metasurfaces
offer innovative solutions for miniaturization and cost reduction of polarization devices. This paper reviews recent
advances in metasurface-based polarization devices and fabrication techniques. Starting from the phase manipulation
mechanisms of metasurfaces, the article briefly introduces methods for controlling the transmission phase,
geometric phase, generalized geometric phase, and resonance phase. The focus is summarizing various
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metasurface polarization devices and their fabrication, including polarization conversion, polarization beam splitting,
vector vortex beam generators, high-order Poincaré sphere optical encryption, polarization multi-channel
holography, and polarization detection. Finally, we discuss potential development trends and application prospects

in this field.

Keywords: polarization device; metasurface; polarization detection; multifunction; phase regulation
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Fig. 3 (a) Schematic image of the traditional Snell's law; (b) Schematic image of generalized refraction law;
(c) Schematic image of generalized reflection law
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Fig. 4 (a) Schematic image of plasma metasurface polarization conversion®”; (b) Plasma metasurface polarization converter cell structure and
calculated reflection coefficient and phase curve®”; (c) Calculated degree of linear polarization (DoLPs) and angle of linear polarization (AoLPs)
of the four designed nano structures as a function of the rotation angle of 68°”; (d) SEM image of the fabricated metasurface polarization
conversion'®”
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Fig. 5 (a) Schematic (left) and SEM (right) image of the designed metasurface consisting of TiO, nanopillars on a fused-silica substrate
(b) Schematic of the LP polarization manipulation (left), which employs only the propagation phase. The transmission coefficient and phase shlft
(right)™; (c) Schematic of the CP polarization manipulation (left) achieved by combining propagation and PB phases. The conversion efficiency

and phase shift (right)"; (d) Experimental setup for full-Stokes polarimetry”; (e) The experimental and simulated intensity distributions of the
metasurface and corresponding reconstructed Stokes parameters for the selected six basis polarization states on a Poincaré sphere!”

[72]

240095-7


https://doi.org/10.12086/oee.2024.240095

TEEE, 4 SeH TR, 2024, 51(8): 240095

https://doi.org/10.12086/0ee.2024.240095

A, FARAEAT SRR R M G TR E . 2017 4R,
Guo FEN" BT T —F & B - R -4 8 =R EE T
IR, KRR RIS, 82
P SR R A B C 2 B AR AR, PR RO
B THER% A B T LA 0N 0 Bl m 2R3, HEATFa
ETERENRTHA 27% Wi IseR, BA MK
HATE2E R, AR R A RS AR s fe it 1
— PR I . 2020 4F, Ou %5 A ) B FR
Pri TC R TFAE LTSS B T PR 1 Y 2 DR i RR
4, & 6(a, b) PR, A BEIELEA R RIR AL
A R O 25 P R TE R . Gl AN E
AR IR G, SEEL T B AN R 3HH  H far 25 R e
e LA, W 6(c, d) FR, 2021 4F, Kong ZFA™
PR T A T AR ROUR SO EE R T, % R T
A HESITE Z 41 RTE B8 1 A IE S AR BE X AL AL, 7EZ i
PRGBS T, PR A A7 118 58 R 7 XL 1L A7
B AL E AN RO . R A T AR
VT 0 ST 8 T 2 T R e B I B 3 oM iR
MR Lt dmAiR, T LA RIEE k7 43 1 4~ AT B BOR D
PRRBHYRFOEH . 2022 4F, Fu % A 21 T —Fh
PR B AR, e bR %) 3 B Ik S OGRS
(VCESELs) V& M R G, F Ha &4 N “Meta-
VCESELs” , 1[5 7(a) fizs; (AR ST A%

E 0
o .
7
//

Achromtic lens

/
T=1023 K [N
7]

Motorized stage

(Grecn ] _ AVEVEVNEIR & SRS Y
i |
Z7Xy

et VCSEL ROARAL AR IR, AT LA BAT: 251
PRI, WIE 7(b) FraR; RIRHZ RS SRR ] k=
A AR G, T T A A R TR E IR B HT) 2 A AL A
¢ =0k /2, ATLISCAE VCSEL A ff I i,
SER T R B S RESCHRAAR, WlE 7(c) B,
2022 4, He % A" 1 1/4 3 F oo 7R 3ERE L, 8
W ARREAIE, BT TR MRESE, 2
FERTR ) ARG AL T 7= A 34 5 AR A et Ak 3
AT BIANIRIE R, A A TR HiT ¥ 5 e e 3 A
REKGIATOCHR, @07 B TR ZH00 A
PERTIRE, ERREAE TP ) TR R B 22 N s
AIfiE, 2023 4F, Shafqat 25 A" 8 —FP g% = A [A]
058 FE IR TESE A BN IR Bl SE s R e IhT, RS IRTE
ARS8 2 A GEE A AR 58 B A = FA A7
FROERSCEL, A2 TCRR AR far, Tt i
T TAEB BN 1460 ~ 1565 nm, 288 T LARTALAE B
— PR TR, b P et & ARt
AL T RIS Y
3.4 BMEMIEIKALFEME

Bl (5 BB RRGE R R, (5 B A it
A RS BB B ARG B T L) 2 . Jesain
BHEAMEGNTHEZAHHE, BA BT~

IH

A=3500nm 3750 nm _ 4000nm 4250 nm 4500 nm 4750 nm
l + G o (o] o Q L

Simulation Experiment

350
300

250
MR ER EE EX ET X R e
2 | | | |

150
100 | | |
100 ym Lo
A=3500 3750 4000 4250 4500 4750 nm 3500 3750 4000 42504500 4750 nm

3 T 1
300 I I g

100 f+ s, i 4l

700
g0l

;J‘(“['
|

B 6 (a) A aiktn X R A0TEH N & ZRERAIL A BAERTER™, (b) hikdzHla) Rk tL £ & SEM B
() MEATH &AL B0 KB AATEAY, (d) RALL A B RE™

Fig. 6 (a) Schematic illustration of the the on-axis broadband achromatic focusing optical vortex generator (BAFOV) generation with

polarization-dependent functions®?; (b) SEM images of the fabricated polarization-controlled BAFOV®™?; (c) Schematic illustration of the

[82]. [82]

characterizing system for the measurement of fabricated metadevices™; (d) Performance of the BAFOV generator
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Fig. 12 (a) Schematic of CMOS integrated full Stokes polarimetric imager with dual operation wavelength!'”; (b) A schematic of the
customized experimental setup for generating arbitrary polarization states for full Stokes polarization detection""”; (c) Measured transmission
and LPER of fabricated vertically coupled double-layered gratings (VCDG) (left) and measured transmission and CPER of the chiral

metasurface at 530~700 nm and 480~530 nm, respectively (right)"'"”; (d) The angle of polarization (AOP), the degree of linear polarization

(DOLP), and the degree of circular polarization (DOCP) detection error distributions of all metasurface polarization filter array pixels for the
specific polarization state at normal incidence and oblique incidence of red color (left) and green color (right)'""; (e) Image of full Stokes
polarimetric CMOS imaging sensor!'""
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Fig. 13 Fabrication technologies for metasurfaces. (a) Schematic of EBL"*”; (b) Schematic of FIB"*”; (c) Schematic of LDW;
(d) Schematic of LDW processing system”; (e) Schematic of NIL
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Research progress and prospects of metasurface
polarization devices

Wang Haoxuan'?, He Yanlin"*, Zhu Hangwei'**, Dong Hang"?, Wang Shuning"’

Schematic of a metasurface polarization application

Overview: Polarization devices are significant optical components in polarized optical systems such as optical
information processing, optical measurement, polarization detection, and communication. Traditional polarizers rely on
the birefringence effect of natural crystals or the polarization selectivity of multilayer film structures, which requires
accumulated optical path differences to achieve phase control. The inherent characteristics of the former necessitate
significant thickness to separate the two polarization states, while the latter, as an alternative, significantly reduces
thickness but involves a complex manufacturing process and offers high extinction ratios only within narrow bands and
at small incident angles. These defects greatly restrict the development and application of these polarizers. Metasurface,
as a novel type of optical field modulator, is generally composed of sub-wavelength meta-atom arrays. It can introduce
phase discontinuities and enable precise control of the polarization state of incident light. Metasurface polarization
devices meet the quality of the optical field and have the advantages of small size, lightweight, high design freedom, and
tunable bandwidth, unveiling fascinating approaches to develop the next-generation on-chip polarization devices. In
this paper, the basic process of designing metasurface polarization devices is discussed. Furthermore, four different meta-
atom polarization modulation methods are introduced. As the basic units of metasurfaces, the polarization
characteristics of meta-atoms are crucial for designing metasurfaces with specific polarization responses. Besides,
common homogeneous polarization states and more complex types such as radial vector beams and azimuthal vector
beams are introduced, which have unique advantages and application value in fields such as optical communication and
microscopy imaging. Then, the research progress of different polarization devices is discussed in detail. Finally, the
metasurface fabrication technologies are discussed. Overall, this review presents the principle, development, and
fabrication in an all-around way, focusing on the various applications of metasurface polarizers in planar optical devices,
and puts forward the existing problems and possible solutions in the design and processing of metasurface polarization
devices.
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