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Abstract

In order to solve the spin-locking problem of near-field surface plasmon polaritons (SPP) vortices,
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a metasurface design method for terahertz (THz) near-field SPP vortices is proposed based on the
combination of geometric and dynamic phases. By manipulating the orientation angle and radial
position of the air slit array in the ultra-thin gold film, the excited surface waves are flexibly gen-
erated and the topological charge of terahertz SPP vortex field is independent of the spin chirality.
Thus, the limitation between the SPP vortex and the spin chirality is removed. The numerical si-
mulation is carried out by using the finite difference time domain (FDTD) method. This design
provides an unprecedented degree of freedom for modulating terahertz near-field SPP vortices,
which will have potential applications in terahertz communication and integration systems.
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Figure 1. Diagram of a polarization-independent terahertz SPP vortex generator
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Figure 2. Diagram of spiral line structure and design principle. (a) Diagram of spiral line structure composed of rectangular
hole slit array; (b) Principle of near-field SPP excitation; (c) Spiral line structure composed of rectangular hole slit array for
generating SPP vortex with the topological charge of +1; (d) Spiral line structure composed of rectangular hole slit array for
generating SPP vortex with the topological charge of -1
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Figure 3. Numerical electric-field and phase distributions for polarization-independent terahertz SPP vortex generator with
the topological charge of +1. (a;)~(as) Numerical electric-field distributions under the illumination of LCP, LECP, LP, RECP
and RCP THz waves; (b;)~(bs) Numerical phase distributions under the illumination of LCP, LECP, LP, RECP and RCP
THz waves
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Figure 4. Numerical electric-field and phase distributions for polarization-independent terahertz SPP vortex generator with
the topological charge of —1. (a;)~(as) Numerical electric-field distributions under the illumination of LCP, LECP, LP, RECP
and RCP THz waves; (b;)~(bs) Numerical phase distributions under the illumination of LCP, LECP, LP, RECP and RCP
THz waves
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