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Abstract: Polarization imaging, a novel photoelectric detection technology, can simultaneously acquire the
contour information and polarization features of a scene. For specific application scenarios, polarization ima-
ging has the excellent ability to distinguish different objects and highlight their outlines. Therefore, polariza-
tion imaging has been widely applied in the fields of object detection, underwater imaging, life science, en-
vironmental monitoring, 3D imaging, etc. Polarization splitting or the filtering device is the core element in a
polarization imaging system. The traditional counterpart suffers from a bulky size, poor optical performance,
and being sensitive to external disturbances, and can hardly meet the requirements of a highly integrated,
highly functional, and highly stable polarization imaging system. A metasurface is a two-dimensional planar
photonic device whose comprising units are arranged quasi-periodically at subwavelength intervals, and can
finely regulate the amplitude and phase of the light field in different polarization directions. Polarization
devices based on metasurface are featured with compactness, lightweight and multi-degree freedom, offering
an original solution to ultracompact polarization imaging systems. Targeted at the field of polarization ima-
ging, this paper illustrates the functional theory, developmental process and future tendency of related metas-
urfaces. We discuss the challenges and prospect on the future of imaging applications and systematic integra-

tions with metasurfaces.
Key words: optical device micro-nano structure metasurface polarization imaging imaging system
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Fig. 1 Metasurfaces based on plasmonic and all dielectric structures. (a) Metagrating based on a GSP structure for the determ-
ination of full Stokes parameters®; (b) the metagrating consists three kinds of micro-nano structure arrays with differ-
ent phase gradients, which can manipulate orthogonal polarization states (x, y), (a, b), (I, r)®; (c) circular polarization
splitting GSP-based metagrating®!; (d) polarization splitting and focusing metasurface GSP-based metalens®;
(e) meta-atom includes two kinds of TiO, nano-micro structures manipulating left-handed and right-handed circular
polarization light, respectively; (f) polarization image of the exoskeleton of a chiral beetle®; (g) meta-pixel is com-
posed of metalenses focusing x y a b | r polarization states, respectively®™; (h) the metasurface can be served as
Hartmann-Shack wavefront sensor, intensity distribution of radially polarized beam (left), and calculated polarization
profile (right)t®
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Fig. 2 All dielectric metasurface based on geometric phase and propagation phase theory. (a) The metasurface is composed of
elliptical amorphous silicon postst®Y; (b) polarization splitting metagrating, polarization splitting metalens, polariza-
tion-dependent holographic metasurface and polarization-dependent special optical field metasurfacet™®; (c) polariza-
tion splitting metalens array™®?; (d) targeted polarization mask (left), the fabricated mask imaged using conventional
polarimetry (middle), the same mask imaged using the metasurface (right)°?; (e) polarization splitting metalens®*®®; (f)
planar metasurface consisting of three polarization splitting metalenses®; (g) the comparison of measured and simu-
lated results of the metasurface focusing effect with the incidence of six basic polarization states**!
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1
Tab.1 Features comparison of elaborated metasurfaces in this section
Work b Operation Energy Working Materials Fabrication Functional
Y Bandwidth Efficiency Mode Involved Method Type
Pors et al. Mo . - .
(2015)[84] 700-1000 nm =50% reflection Au,SiO, EBL + lift-off + EBD PSMG
Shaltout et al. . .
- 0, |
(2015)[85] 1.2-1.7 pm <40% reflection Au,AlL,O; EBL + lift-off +EBD PSMG
Boroviks et al. . . .
- =(5Y |
(2017)[86] 750-950 nm 65% reflection Au,SiO, EBL + lift-off + EBD PSML
Khorasaninejad et al. . o . . . .
(2016)[92] visible <45% transmission TiO,,SiO, EBL + lift-off + ALD PSML
Yang et al. —9a0 L ‘o .
(2018)[93] 1550 nm =28% transmission Si,Si0, EBL + ICP etching PFMLA
Arbabi et al. . s .
046-659 - -
(2018)[101] 850 nm 60%-65% transmission 0-Si,Si0, EBL + lift-off + RIE PSMLA
Yan et al. . . .
=530,
(2019)[103] 10.6 ym 53% transmission Si LDW + ICP etching PSML
Rubin et al. . . . . .
0, -
(2019)[105] visible >50% transmission TiO,,SiO, EBL + lift-off + ALD PSMG
Ren et al. 530 nm ~54% transmission Ti0,Si0,  EBL + lift-off + ALD PSML
(2022)[104] '

Abbreviations: Electron Beam Lithography, EBL; Electron Beam Deposition, EBD; Atomic Layer Deposition, ALD; Inductively Coupling Plasma, ICP;
Reactive lon etching, RIE; Laser Direct Writing, LDW; Polarization splitting metagrating, PSMG; Polarization splitting metalens, PSML; Polarization
filtering metalens array, PEMLA, Polarization splitting metalens array, PSMLA.
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Broadband achromatic polarization splitting metasurfaces. (a) Coupled rectangular dielectric resonators; (b) the fo-

cusing phase can be divided into the basic phase and the chromatic phase™; (c) there are several resonant peaks in the
specially designed micro-nano metallic structure element™; (d) measured and simulated focal lengths as a function of
wavelength for both polarizationsi**?; (e) measured intensity profiles along with longitudinal directions at various incid-
ent wavelengths. The left panel is for x-polarized incidence and the right panel is for y-polarization incidence™*;
(f) near-infrared achromatic metalens array for multiparameter detection™; (g) measured intensity profiles under in-
cidence of XLP and LCP light™**!
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Fig. 5 Metasurface design based on machine learning. (a) Visible chromatic multilevel diffractive lens™; (b) flow chart of
the direct binary search algorithm™?; (c) inverse design network®*; (d) polarization splitting metalens**; (e) end-to-
end statistical machine learning framework??; (f) simulated and measured results of four-frequency polarization split-
ting metalensest*?®!
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Fig. 6 Metalens with dynamically tunable focal length. (a) Dynamically tunable metasurface based on a flexible substrate*;

4.1

(b) a group of metasurfaces with adjustable longitudinal spacing, schematic diagram (left), optical microscopy image of
device (top right), illustration of the bonding of two metasurfaces (bottom right)i**®; (c) dynamically tuning the focal
length through liquid crystal infiltration®“Y; (d) near-infrared thermally modulated varifocal metalens based on a low-
losses phase change material Sh,Ss™; (e) polarization splitting metalens with a dynamically tunable focal length by
circumferential stretching; (f) the variation curves of focal length and transmission with unit period; (g) the variation
curves of the electric field intensity with the longitudinal direction at different unit periods
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