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Fig. 1. Schematic diagram of MS: (a), (b) Front and perspective view of the unit-cell structure; the surface current distributions of

the unit-cell structure under the normal incident LPy wave at (c) 0.4 THz, (d) 0.8 THz and (e) 1.1 THz.
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Fig. 3. Amplitude and phase of the (a), (c) reflected and (b), (d) transmitted orthogonal LP and CP waves for 8 different unit-cells
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Fig. 4. (a), (b) Simulated electric field distributions of the abnormal reflection and refraction orthogonal LP wave in the z-z plane at

0.5 THz, and (c), (d) the corresponding normalized intensity.
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at 0.8 THz, and (c), (d) the corresponding normalized intensity.
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Fig. 6. Simulated (a), (c) reflection and (b), (d) refraction angles of the orthogonal LP waves and CP waves via different frequen-

cies: (a), (b) LP waves; (c), (d) CP waves. Dash lines indicate the theoretical calculation frequency-dependent reflection and refrac-

tion angles of the orthogonal LP and CP waves.
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Fig. 8. Electric field intensity and the corresponding OAM mode purity distributions of the reflected and transmitted vortex beams
with a topological charge of (al)—(a4) I = 41, (b1)~(b4) I = -1, (c1)—~(c4) I = +2 and (d1)—(d4) { = -2 for the normal incident LP
wave at 0.8 THz: (al)-(dl) Electric field intensity of reflected vortex beams; (a2)—(d2) electric field intensity of transmitted vortex
beams; (a3)—-(d3) OAM mode purity distributions of reflected vortex beams; (a4)—(d4) OAM mode purity distributions of transmit-

ted vortex beams.
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Fig. 9. Electric field intensity and the corresponding OAM mode purity distributions of the reflected and transmitted vortex beams
with a topological charge of (al)-(a4) { = +1, (bl)-(b4) I = -1, (c1)-(c4) I = +2 and (d1)-(d4) ! = -2 for the normal incident CP
wave at 0.4 THz: (al)-(dl) Electric field intensity of reflected vortex beams; (a2)—(d2) electric field intensity of transmitted vortex
beams; (a3)—-(d3) OAM mode purity distributions of reflected vortex beams; (a4)—(d4) OAM mode purity distributions of transmit-

ted vortex beams.
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Table 1.  Performance comparison of the proposed metasurface with the previous ones.
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Double-split-ring structure based ultra-broadband and
ultra-thin dual-polarization terahertz metasurface
with half-reflection and half-transmission”
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Abstract

In this paper, we propose a dual-polarization ultra-wideband metasurface with half-reflection and half-
transmission based on a double-split-ring (DSR) structure operating in a terahertz (THz) frequency range. The
designed metasurface can simultaneously control the circularly polarized (CP) wave and linearly polarized (LP)
wave in reflection mode and transmission mode, covering an extensive THz frequency range. The unit-cell
architecture of the metasurface consists of a periodic arrangement of the DSR structure made of metal, which is
affixed to an ultra-thin dielectric substrate. By manipulating the size and rotation direction of the DSR
structure, we achieve full phase coverage of 0—2n of the orthogonally polarized LP wave and CP wave across a
frequency span of 0.3-1.2 THz, encompassing transmission and reflection scenarios. The relative bandwidths of
the corresponding orthogonal LP wave and CP wave with an average amplitude of 0.45 reach 86% and 120%,
respectively. Specifically, through numerical simulations, we demonstrate that the designed metasurface has the
ability to achieve THz beam deflection and vortex beam generation while reflecting and transmitting LP wave
and CP wave. The proposed dual-polarization ultra-wideband metasurface holds great promise for various
applications in the terahertz frequency range. These findings pave the way for the development of flexible and
versatile THz devices with expanded functionality, thereby opening up new possibilities for wavefront

manipulation in metasurfaces.
Keywords: terahertz, metasurface, circular polarization, linear polarization, beam deflection, vortex beam
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