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Abstract Metasurfaces, as two-dimensional artificial nanostructures, have draw a lot of attention in recent years
due to the remarkable ability for flexible optical field modulation. Full-control, and all-dimensional optical field
manipulation can be realized by designing metasurface. In this review, we utilize Fourier analysis to theoretically
study the designed strategy of metasurface consisting of weakly coupling unit cells. The stable conditions based on
Fourier analysis is proposed to mimic continuous phase profile using discontinuous phase profile, which compensates
the inadequacy of subwavelength conditions. Furthermore, by combining the phase manipulation by metasurfaces
with optical characteristics of polarization, amplitude, and frequency, the evolution and applications of metasurfaces
in multi-dimensional manipulation of optical field are briefly reviewed, respectively. As a result, the multi-
dimensional manipulation of optical field by metasurfaces not only increases the freedom degree of light-field control,
but also promotes the development of integrated optical equipment.
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Fig. 1 Skeleton diagram of review
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Fig. 2 Phase-gradient metasurfaces. (a) Metasurface with resonant phase™ ; (b) metasurface of geometric phase™ ;

(¢) metasurface of propagation phase'®
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Fig. 4 Metasurface of plasmonic half-wave plates™ . (a) Schematic of PB metasurface; (b) arrangement of nanoantenna

pairs of half-wave plates; (c¢) measured transmitted polarization angle and intensity
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Fig. 7 Plasmonic metasurface with simultaneous control of phase and polarization®

. (a) Schematic of upper and lower
two-layer non-aligned structure; (b) simulated phase and amplitude curves of transmitted light of upper and lower
non-aligned structures; (c) 26 nano-aperture pairs for full control of phase and polarization; (d) measured far-field

intensity distributions of radially polarized beam
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Fig. 8 Metasurface of dual-mode vector beam
distributions of transmitted circularly polarized light; (c) models of radially polarized vector beam; (d) models of

azimuthally polarized vector beam; (e) models of dual-mode vector beam
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Fig. 9 Dielectric metasurface with simultaneous control of phase and polarization

1 (a) Schematic of metasurface;

(b) schematic of polarization beamsplitter of x and y polarized light; (c¢) polarization-switchable phase hologram of

x and y polarized light
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Fig. 10 Metasurface with independent phase control at arbitrary orthogonal polarization state”™ . (a) Schematic of

metasurface with arbitrary phase profile by combining geometric and propagation phase; (b) optical setup for chiral

hologram designed by metasurface at wavelength of 532 nm; (c) different chiral holographic images by same

metasurface under vertical polarization
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Fig. 11 Broadband metasurface with simultaneous control of phase and amplitude. (a) Schematic of C-shape antenna
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metasurface"”” ; (b) amplitude and phase curves of 3 diffraction orders at 0.63 THz"" ; (c¢) schematic of Huygens
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metasurface”™ ; (d) phase variation of reflection coefficient S;; with different resonant lengths and rotation angles*’®
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Fig. 12 Metasurface with multinanorods®” .

(a) Schematic of metasurface; (b) amplitudes of anomalous refraction for

different nanorods; (c) plasmonic hybridization for multinanorods; (d) far-field normalized intensity curves of

nanorods with different numbers
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U391 (a) Linear and nonlinear geometric phases of

metasurface; (b) linear and nonlinear holography imaging; (c) nonlinear holographic images
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Fig. 17 Beam shaping of plasmonic nonlinear metasurface
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. (a) Schematic of nonlinear metasurface;

(c) vortex beam generated from nonlinear metasurface;

(b) SEM image of

(d) simulation and measurement

images of SHG vortex beam in far field
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