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Abstract: Metalenses are two-dimensional metasurfaces composed of sub-wavelength scatters with planar
configuration and light focusing function. They can manipulate the amplitude, phase, dispersion and polarization
of the light field at sub-wavelength spatial resolution, and develop rapidly in recent years. The subwavelength
resonant nanostructure suppresses the high-order diffraction, and the incident light can be perfectly modulated to
the predesigned diffraction order, thus ensuring the high efficiency of the metadevice for manipulating the
photons. Besides, the design flexibility and specific electromagnetic response of the meta-unit enable meta-
surfaces to achieve customized control of the multiple dimensions of the light field. In contrast to the traditional
refraction lens relying on the phase accumulation effect, the broadband achromatic metalens resolves the complex
and bulky limitations of the traditional optical system caused by cascading multiple lenses to correct the
chromatic aberration by independently and simultaneously manipulating the phase and phase dispersion of the

optical field. It provides a promising way for the miniaturization of on-chip integrated photonics. Focusing on the
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progress of metalens, this review discussed the basic principles of metasurface on engineering the amplitude,

phase and polarization state of the light firstly. Then the development of metalens in recent years was focused on,

including the realization of single-wavelength metalens and the development of multi-functional broadband

achromatic metalenses through manipulating the multiple parameters (polarization, phase and phase dispersion).

Finally, the potential challenges and application prospects for further developing the metalenses were discussed.
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Fig.1 (a) Geometric phase control mechanism for reflective and transmissive metasurfaces "*?); (b) Design principle of resonant phase metasur-
face !5 (c) Design of high-contrast metasurfaces (HCMs) based on waveguide transmission phase 2'; (d) Utilizing the relative displacement of

the meta-atoms in the unit period to realize the detour phase effect and the design of the metasurface*"
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Fig.2 (a) Ultra-high numerical aperture (NA>0.99) meta-lens based on asymmetric metaatoms®’; (b) Transmissive metalens based on geometric

phase™; (c) Near-infrared wavelength polarization-insensitive metalens based on HCMs meta-surface platform®; (d) Mid-wavelength infrared

polarization-insensitive metalens based on the Si/MgF, metasurface platform®; (e) Linearly polarized mid-infrared wavelength ultra-thin

metalens based on Huygens metasurface!™”
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Fig.3 (a) Reflective broadband achromatic meta-lens based on integrated plasmon resonance phase and geometric phase °"; (b) Transmissive broadband

[321,

achromatic metalens via integrated resonance phase of GaN nanopillar and the achromatic imaging~~; (c¢) Transmission broadband achromatic

metalens in the visible band based on TiO, metasurface platform **; (d) 3D imaging demonstration of white light based polarization-insensitive

broadband achromatic metalens array **; (e) Comparison of polarization-insensitive achromatic metalens working in the near-infrared band and

the metalens without correction of chromatic aberration™; (f) Ultra-broadband achromatic polarization-insensitive metalens that can work from

visible to near infrared wavelength (640-1 200 nm)>*
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Fig.4 (a) Schematic diagram of polarization-controlled broadband achromatic focused vortex beam generation on a multifunctional silicon-based

metasurface; (b) Curve of the lateral displacement of the spot center with wavelength in different polarization states; (c) Measured polarization

extinction ratio; (d) Characterization of the FWHMs and diffraction limits of the spots
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