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Abstract

The generation of higher-order polarization (HOP) beams and their focusing characteristics have
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been of great interest. Matlab theoretical simulation results show that under the same incidence
conditions, HOP has a smaller half-height-full width (FWHM) of the focused spot intensity distri-
bution than linear, circular, radial, and angular polarized beams. This has potential applications in
the field of super-resolution. In this paper, we propose a metasurface design based on the trans-
mission matrix theory and transmission phase theory of the metasurface. We simulate the meta-
surface using finite-difference simulation in the time domain (FDTD), and the simulation results
show that our designed metasurface achieves polarization conversion and focusing. We derive a
general theory applicable to the conversion of linear polarization to higher-order polarization.
This permits the conversion of linear polarization of an incident light wave of any wavelength into
a higher-order polarized beam of any order and any initial polarization angle by choosing the mi-
crometric material and phase response of the metasurface. By carefully selecting the phase profile
of the focusing layer metasurface, we achieve the focusing of the converted higher-order polarized
beam, and obtain a dense spot that breaks through the Rayleigh diffraction limit. By rationally de-
signing the metasurface, we obtain the optimal focusing spot at each NA. Using this method, we are
able to study the focusing characteristics of higher-order polarized beams, reduce the spot in the
focal region, or study the light intensity distribution characteristics in the focal region in depth.
This greatly expands the research scope of higher-order polarized beams.
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Figure 1. Polarization profiles for second, third and fourth order polarization
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Figure 2. (a) Schematic diagram of the polarization conversion layer, with the microelement material as si and the base layer
as sio2. Dx and Dy are the size of the long and short axes of the microelement, h = 715 nm is the thickness of the microele-
ment, and P = 650 nm is the size of the microelement period; (b) Side view of the bilayer metasurface
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Figure 3. Phase distribution of spiral phase plate phase and lens phase and superimposed metasurface
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Figure 4. Focusing results for different polarization orders and number of topological charges
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Figure 5. (a) Fourth-order polarization conversion result plot; (b) Fourth-order polarization focusing plot
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