Modeling and Simulation ZE#515#, 2025, 14(5), 203-210 Hans X0
Published Online May 2025 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2025.145386

ET/LARMBREN RN B RREN
AR

K B
FHER TR R S ENL TR, B
Weks . 20254F4 120 FHBER: 20254F5H4H; KA HM: 20254F513H

wm B

AR TR 77 T _E R RS I TR R, N T SEOURIRASRE %7 ik, 3C
BRH T —MET U AR KEMWRE, oTURDERYPRRE. RIELRIRSHREL. Xt
TRIRBRIBIN T ERA BN, HE I BA REST7 5 (FDTD)BAT T BB B RE. (i RS RE
B, FricitEmRmEAN R AR QELERIERE RS, W LR SEBLIE R RS KA, H—
Bt TR RIRE L, FRESEI T R IRE M AL XM RS TT R SIS AR RS )
Tk, NTFRGIET I8 RAHESN G - Y BUHE ELAR I BT SUTT R 7 38 A LA AT

XKigid

AR, JUFTAAL, RER, B mIREML

Geometric Phase-Based Metasurfaces for
Focusing and Vortex Longitudinal
Polarization Evolution

Teng Zhang

School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai

Received: Apr. 12", 2025; accepted: May 4%, 2025; published: May 13, 2025

Abstract

Metasurfaces with longitudinal modulation capabilities introduce a new dimension for polarization
state control. To achieve polarization evolution along the propagation direction, this article proposes
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a geometric-phase-modulated metasurface that simultaneously enables longitudinal focusing, vor-
tex generation, and polarization evolution. The design employs a complex-amplitude superposition
method for structural configuration, validated through finite-difference time-domain (FDTD) nu-
merical simulations. Results demonstrate that the metasurface facilitates orthogonal linear polariza-
tion evolution during the longitudinal transition from focused spots to vortex beams. Furthermore, we
implement dual-vortex configurations exhibiting longitudinal polarization evolution while enabling
dynamic modulation of vortex topological charges. This approach to dynamically manipulate polariza-
tion states along the propagation axis opens new prospects for developing optically controlled switch-
able devices and advancing light-matter interactions.
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Figure 1. Schematic diagram of a geometric phase metasurface for polarization
evolution combining focusing and vortex effects
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Figure 2. Schematic diagrams of unit cell design, transmittance, and phase difference: (a) Schematic of the unit cell structure;
(b) Top view of the unit cell structure; (c) Transmission spectra of the structure under TE and TM terahertz wave illumination;
(d) Phase difference between TE and TM terahertz waves
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Figure 3. Simulation results of the geometric phase metasurface for polarization evolution with focusing and vortex effects:
(a1)~(as) Intensity distributions of the focal Ex electric field observed in three distinct x-y planes under x-polarized illumination;
(b1)~(b3) Intensity distributions of the vortex Ey electric field observed in three distinct x-y planes under x-polarized illumination;
(c1)~(c3) Calculated polarization distribution maps in three distinct x-y planes under x-polarized illumination; (di1)~(ds) Electric
field intensity distributions of the total electric field and Ex/Ey electric fields in the x-z plane under x-polarized illumination
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Figure 4. Simulation results of the geometric phase metasurface for orthogonal linear polarization evolution with varying
topological charges: (a1)~(as) Electric field intensity and phase distributions of the Ex-component observed in three distinct
planes under x-polarized illumination; (b1)~(bs) Electric field intensity and phase distributions of the Ey-component observed
in three distinct x-y planes under x-polarized illumination; (c1)~(cs) Calculated polarization distribution maps in three distinct
x-y planes under x-polarized illumination; (di)~(ds) Electric field intensity distributions of the vortex total field and Ex/Ey
components in the x-z plane under x-polarized illumination
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