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Abstract: In this paper, a radially polarized Bessel lens based on a dielectric metasurface is proposed. It can effi-
ciently convert linearly polarized light into radially polarized light and simultaneously achieve non-diffracting Bessel
beams. Under the incidence of linearly polarized light, the left and right handed components of linearly polarized light
are independently regulated by the asymmetric photon spin-orbit interaction. Finally, polarization conversion and
wavefront control are simultaneously achieved by spin recombination. At wavelength of 532 nm, the numerical
aperture NA=0.9, and the metalenses achieve a focus focal spot beyond the diffraction limit. The study has potential
applications in particle acceleration and super-resolution imaging.
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Fig. 1 Unit cell design. (a) Schematic diagram of a radially polarized Bessel metalens; (b) Schematic diagram of the unit cell;
(c)~(e) Side view and top view of the unit cell; (f) The simulated spin-independent phases and cross-polarized and co-polarized
transmissivities of eight unit cells at the wavelength of 532 nm. The materials of nanofins and substrate are titanium dioxide (TiO;)
and silicon dioxide (SiO,). Constant parameters: H=600 nm, P=370 nm, R=30 nm. The nanofins sizes (L and W) of unit cells from 1
to 4 are L=300 nm, 290 nm, 250 nm, 235 nm, W=120 nm, 105 nm, 95 nm, 80 nm. The unit cells from 5 to 8 are acquired by rotating

the posts from 1 to 4 by an angle of 90° clockwise in (f). Simulations use the finite element method (FEM) in CST microwave studio.
The refractive indices are given as 2.43 (TiO,), 1.46 (SiO,), respectively
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Fig. 2 Schematic of designing the spherical focusing lens and Bessel lens. (a) To focus a plane wave into a focal spot at a distance /
from the plane, a hyperboloid phase distribution must be applied to the incident wavefront. The phase shift at the point P is propor-
tional to the distance P_S,, where S, is the projection of P_ on a spherical surface equal to the radius of the focal length f; (b) The point
light source is imaged on a line segment along the optical axis. The length of the segment is the depth of focus (DOF). The phase of the
point P on the Pa plane is proportional to the distance of the PaSa, where Sa is the projection of the P4 on the cone, and the vertex is
located at the intersection of the zoom surface and the optical axis. The angle B=arctan(r/DOF) ( r is the radius of the facet). (c) The
hyperbolic radial phase distribution generated on the spherical focusing lens; (d) The conical radial phase distribution produced on the
flat axicon
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Fig. 3 Focus results for A and B lenses. (a) Focused results of the theoretical calculation of the A lens; (b) Focused results of B-lens
theoretical calculations; (c) Simulation focus results of the A lens; (d) Simulation focus results of the B lens; (e) The transverse line in
3(a) and 3(b) at y = 0 ym; (f) The transverse line in 3(c) and 3(d) at y=0 pm
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Fig. 4 The electric field intensity distributions of the focal plane of B lens. (a) The total field; (b) The normalized intensity of FIT
simulation; (c) The sum of radial component; (d) The sum of longitudinal component
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Fig. 5 xoz longitudinal cross-section results for the A and B lens focal points. (a), (b) Theoretical calculations and simulation
results for the intensity distribution of the x-z plane of the A-lens; (c) Theoretical results and simulation results of the normalized

intensity distribution curve of the A-lens optical axis; (d),(e) Theoretical calculations and simulation results for the intensity
distribution of B-lens x-z plane; (f) Theoretical results and simulation results of the normalized intensity distribution curve of the

B-lens optical axis
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Fig. 6 (a), (b) Intensity distribution of focal plane (z=4.74 pm) and xoz plane of C-lens when x-polarized light is incident; (c) B lens
focal plane (z=4.76 pm) intensity distribution; (d) The horizontal axis at y=0 in 6(a) and 6(c)
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Focus results for the RPL spherical focusing lens and the RPL Bessel lens.
(a) Focused results of the theoretical calculation of the RPL spherical focusing lens; (b) Focused results of the RPL Bessel lens
theoretical calculations; (c) The transverse line in Figs. (a) and (b) at y=0 um

Overview: In the past few decades, cylindrical vector waves have received more and more attention due to their unique
properties in focusing and imaging, especially radial polarized light (RPL). RPL is an axisymmetrically polarized beam
with a strong longitudinal component in the focal plane, which allows RPL focusing to produce a tighter focal spot.
Nowadays, it has been reported that RPL can be used to realize metalenses. However, most of the common metalenses
based on RPL use spherical phase gradient to design the lens, which results in the influence of diffraction. The full width
at half maximum (FWHM) of the focused spot cannot exceed the diffraction limit. Bessel non-diffracting beam is a
beam with the advantages of small center spot, high concentration of light intensity, good directivity, and maximum
non-diffraction distance. Although many studies have been conducted on non-diffracted beams today, no existed meta-
len can combine the advantages of these two types of beams. In order to design a metalens that exceeds the diffraction
limit, a RPL Bessel lens based on a dielectric metasurface is proposed in this paper. It can efficiently convert linearly
polarized light into radially polarized light and simultaneously achieve non-diffracting Bessel beams. In order to achieve
such design, we need to control the polarization and phase of the incident beam at the same time. In this paper, asym-
metric photon spin-orbit interaction is used to achieve arbitrary control of wavefront phase and polarization state si-
multaneously. Photon SOI describes the coupling relationship between photon spin angular momentum (SAM) and
orbital angular momentum (OAM) during light transmission. By separately controlling the size and rotation of the unit
cell, the phase and the geometric phase of the waveguide can be introduced at the same time. The combination of the
two phase gradients can realize the asymmetric photon SOI and further realize independent control of the LCPL and the
RCPL. This feature can be used to achieve arbitrary independence. Under linearly polarized light, the left and right
handed components of linearly polarized light are independently regulated by the asymmetric photon SOI. Polarization
conversion and wavefront control are simultaneously achieved by spin recombination. In this paper, the RPL Bessel
focusing and RPL spherical focusing simulation results are compared with each other, the FWHM of the two lenses is
approximately 360 nm and 315 nm, respectively. Comparing the simulation results, the RPL Bessel focus has a smaller
focal spot and exceeds the diffraction limit (the diffraction limit is =0.611/NA=360 nm).

Citation: Chen J Y, Zhang F, Zhang M, et al. Radially polarized Bessel lens based on all-dielectric metasurface[J]. Op-
to-Electronic Engineering, 2018, 45(11): 180124
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