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Fig. 1. (a) Schematic diagram of multifocal metalens generating longitudinally varying, single-wavelength, and cascaded polariza-
tion structures (images or letters); (b) schematic diagram of the TiOy nanorod unit cell, the parameters P, L, W and 6 denote the
period, length, width, and the rotation angle of the TiO, nanorod, respectively, the period is fixed at P, = P, = 300 nm; (c) simu-
lated cross-polarization (converted part) and co-polarization (non-converted part) transmission efficiency with different height H =
530 nm at A = 530 nm with fixed length L = 205 nm and width W = 100 nm; (d) simulated conversion efficiency with different
lengths and widths at A = 530 nm with fixed height H = 1000 nm, the TiO, nanorods with length L = 205 nm and width W =
100 nm are chosen for the maximum conversion efficiency, as shown in the star-mark; (e) calculated converted and non-converted
efficiency spectra of the chosen TiO, nanorod array; (f) dependence of phase ¢ and polarization conversion efficiency on the rota-

tion angle 6 of the chosen TiO, nanorods.
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Fig. 2. (a) A metalens for generating seven vectorial foci along a semicircle at focal plane z = f= 20 pm, the polarization distribu-

tion for the foci upon the illumination of a horizontal LP light beam; (b) the phase profile (top) and the details of arrangement of

each TiO, nanorods (0 = @(z, y) /2, bottom) of the metalens; (c) intensity distributions at focal plane under different incident po-
larization states (RCP for the 1%t column and LP for other columns), simulated by FDTD (top) and F-K integral (bottom).
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Fig. 3. Intensity distributions of 24 metalenses with different numbers of foci and focal lengths at their respective focal planes.
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Fig. 4. (a) A metalens generating three different polarization-encoded numbers at three focal planes along the longitudinal direction;

(b) phase profile of the metalens. (c) Intensity distributions at three focal planes under circularly polarized light illumination;

(d) polarization patterns generated at three focal planes under horizontally polarized light illumination; (e) designed number “8”

composed of seven focal lines; (f) designed polarization distributions of each focal line for generating the number “2”.
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Fig. 6. (a) Metalens creating five pairs of cascaded polarization structures at five focal planes along longitudinal direction; (b) in-
tensity distributions at five focal planes under circularly polarized light illumination; (c) polarization distributions at five focal
planes when illuminated by horizontally polarized light with 3 = 0; (d) polarization distributions at five focal planes when illumi-

nated by diagonally polarized light with 8 = w/4.
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Table 1. Comparison of metasurface-based information encryption techniques in terms of information capacity and security.
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Polarization structures generated through metalenses with
vectorial foci for high-security optical encryption”
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Abstract

Optical encryption technologies show significant potential applications in information security due to their
advantages of parallel processing, large capacity, and low power consumption. Polarization, as an important
degree of freedom of light, has attracted extensive research interest in optical encryption through polarization
manipulation and multiplexing. However, current polarization control methods based on pixelated or interleaved
metasurfaces still face significant challenges, including fabrication complexity and inevitable crosstalk caused by
coupling between the neighboring structures, which limits the number of achievable multiplexing channels. A
novel encryption method featuring longitudinal variability and cascaded polarization structures realized by
metalenses with vectorial foci is proposed in this work. The intensity distributions on different observation
planes are simulated using the Fresnel-Kirchhoff diffraction integral. Based on the geometric phase principle,
the designed metalens consisting of TiO, nanopillars with identical dimensions but spatially variant orientation
angles, can generate multiple vectorial foci in different observation planes, reconstructing cascaded polarization
structures. Here, any two cascaded polarization structures are encoded with mutually orthogonal polarization
rotation angles. As the polarization direction of incident linearly polarized light changes, the polarization
distribution encoded on the polarization structures can be dynamically modulated, consequently enabling ten-
channel information encryption through polarization-dependent intensity redistribution. The encrypted
information can only be decoded using the correct keys (incident wavelength, incident polarization state, output
light polarization state, and observation position). This method integrates polarization rotation, polarization
structure design, and longitudinal /cascaded control, significantly enhancing information capacity and security.

It offers promising applications across various fields, such as optical display, encryption, and anti-counterfeiting.
Keywords: metalens, dielectric metasurface, polarization manipulation, optical encryption
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