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Multifocal Spin-Decoupling Metalens based on Phase-Change Material
FANG Junfeng, GAO Peng, CHEN Cong, DAI Yaowei, CUI Hongzhong, HUANG Tao, FENG Xingyu, LIU Hai
(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: [Objective] Polarization spin decoupling holds broad application prospects in polarization-sensitive fields such as chiral
molecule detection, polarization holographic imaging, and multiplexed optical communication. In this work, we propose two
types of Mid - Infrared (MIR) multifocal metalenses operating at a wavelength of 4.7 um, based on the phase - change material
Ge,Sh,Se, Te, (GSST). By exploiting the pronounced contrast in optical constants between the amorphous and crystalline states of
GSST, the designs enable separation of incident circularly polarized light with opposite handedness and dynamic multifocal focus-
ing. [Methods] The phase distribution of the multifocal spin-decoupled metalenses is achieved through a combination of propa-
gation and geometric phases. A library of microstructures with equivalent half-wave plate functionality is constructed to cover a
continuous 0~2x phase range, from which eight discrete phase levels are selected. These microstructures are then arranged on a
CaF, substrate to form the metasurface array. [Results] The first design is a bifocal metalens that converts incident circular po-
larization light into the opposite helicity and focuses it at two axial focal points corresponding to Left-handed Circular Polarization
(LLCP) and Right-handed Circular Polarization (RCP). By externally tuning the crystallization level of GSST, the focal intensity
at these positions can be continuously adjusted. On this basis, a four-focal metalens structure capable of independent multi - focal
point control was further constructed to expand the flexibility of the focusing function. It is designed as a concentric double -ring
structure, with the phase distribution of the inner and outer double rings each corresponding to two focal points. This unique dou-
ble-ring structure can focus circularly polarized light at four different focal points. By jointly controlling the polarization state of the
incident light and the crystallization state of the micro-unit GSST in the concentric double-ring structure, dynamic focusing among
the four focal points can be achieved. [Conclusion) Currently, research on metalenses based on phase - change materials focuses
on the design of bifocal and optical switch functions, with a primary focus on focal length switching and wavefront reconstruction.
However, systematic research on the combined control of multi - focus dynamic focusing and polarization spin decoupling is still
lacking. Both of these metalenses achieve tunable spin decoupling and focus circularly polarized light, offering promising applications
in three-dimensional microtomography, chiral molecule detection, and polarization multiplexing in communication systems.
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Figure 7 Phase delay distribution across the surface of the metalens
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