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Abstract

In order to improve the asymmetric transmission capability of multiple foci of asymmetric focus-
ing, a functional device based on the combination of geometric phase and metal grating with a
metasurface is designed. Numerical simulations of the designed metasurface were carried out us-
ing the wavefront modulation of the geometric phase in combination with the finite-difference-
in-time-domain (FDTD) method. The simulation results show that the designed metalens can si-
multaneously control the phase, polarization, and propagation direction of the wave to generate

DOI: 10.12677/mos.2024.133337


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2024.133337
https://doi.org/10.12677/mos.2024.133337
https://www.hanspub.org/

JE

multiple asymmetric focuses in the terahertz region. And it can also generate multiple asymmetric
focuses in different dimensions. This flexible and reliable asymmetric focusing design approach
opens up new possibilities for potential applications of compact devices in areas such as polariza-
tion detection, imaging and information encryption.
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Figure 1. Schematic of multiple asymmetric focusing. Multiple y-polarized focuses are observed at forward x-polarized te-
rahertz wave incidence, while no focusing occurs at reverse x-polarized incidence
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Figure 2. Schematic diagram of unit cell structure design and transmittance and phase diagrams. (a;) and (a,) The schematic
diagrams and corresponding geometrical phases of the microrods; (b;) and (b,) The schematic diagrams and corresponding
transmission spectra of the metal gratings; (c;) and (c,) The metasurfaces bonded to the metal gratings and the corresponding
transmission spectra
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Figure 3. Simulation results of the electric field strength distribution of a transverse multifocal terahertz metalens based on
asymmetric focusing. (a;) Ey field strength distributions in the x-z planes at three foci generated by x-polarized terahertz
waves incident forward into the metalens. (a,) Ey field strength distributions in the x-y planes at the three focal points of an
x-polarized terahertz wave incident forward into a metalens. (b;) Ey field strength distributions in the x-z planes at the three
foci produced by an x-polarized terahertz wave incident in the reverse direction onto a metalens. (b,) Ey field strength dis-
tributions in the x-y planes at the three foci produced by an x-polarized terahertz wave back-incident to a metalens
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Figure 4. Simulation results of electric field strength distribution of longitudinal multifocal terahertz metalens based on asymmetric
focusing. (a;) Ey field strength distributions in the x-z plane at the three foci generated by an x-polarized terahertz wave at forward
incidence into metalens. (a,), (a3), and (a,) Ey field strength distributions in the x-y planes of the focal points at focal lengths 3500
um, 5500 um, and 7500 um generated by an x-polarized terahertz wave positively incident on metalens. (b,) Ey field strength distri-
butions in the x-z planes of the three focal points generated when an x-polarized terahertz wave is incident in the reverse direction to
the metalens. (by), (bs) and (b,) Ey field intensity distributions in the x-y planes at focal lengths —3500 um, —5500 um and —7500 um
for x-polarized terahertz waves back-incident to metalens.
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Figure 5. Simulation results of electric field strength distribution of a multidimensional multifocal terahertz metalens based on
asymmetric focusing. (a;) Ey field strength distributions in the x-z plane at the three focus points generated by an x-polarized tera-
hertz wave at forward incidence into metalens. (a,), (a3), and (a4) Ey field strength distributions in the x-y planes of the focal points at
focal lengths 3500 um, 5000 um, and 6500 um generated by an x-polarized terahertz wave positively incident on metalens. (b;) Ey
field strength distributions in the x-z planes of the three focal points generated when an x-polarized terahertz wave is incident in the
reverse direction to the metalens. (b,), (b3) and (b,) Ey field intensity distributions in the x-y planes at focal lengths —3500 um, —5000
um and —6500 um for x-polarized terahertz waves back-incident to metalens
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