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Fig. 1. Schematic diagram of THz-TDS systems in reflec-
tion mode: (a) Normal incidence; (b) variable angle.
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Fig. 2. (a) Structure of coded particle; (b) co-polarization and cross-polarization amplitude reflectivities of the unit under normal in-

cidence of circularly polarized waves; distribution diagrams of the front surface electric field (c), front surface current (d), and rear

surface current (e) of the structural unit at three resonant frequencies.
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Fig. 3. (a) Eight coded particles and the corresponding cross-polarized amplitude reflection (b) and phase (c) at different rotation

angles a.
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Fig. 4. Far-field scattering patterns of 1-bit encoded metasurface under normal incidence of LP waves at 1.5 THz: (a) 3D far-field

scattering pattern; (b) 2D far-field scattering map.
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Fig. 5. Far-field scattering patterns of 2-bit encoded metasurface under normal incidence of LP waves at 1.5 THz: (a) 3D far-field

scattering pattern; (b) 2D far-field scattering map. 2D far-field scattering patterns of 2-bit encoded metasurface under normal incid-
ence of CP waves at 1.5 THz: (c) RCP; (d) LCP.
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Fig. 6. Far-field scattering patterns of a 3-bit encoded metasurface and a bare metal plate under normal incidence of LP waves: 3D
far-field scattering pattern of the encoded metasurface at 1.50 (a), 1.60 (b), 1.70 (c¢) and 1.8 THz (d); 2D far-field scattering pat-
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at 1.50 (i), 1.60 (j), 1.70 (k) and 1.80 THz (1).
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Encoding terahertz metasurface reflectors based on
geometrical phase modulation”
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Abstract

Multi-dimension and multi-freedom modulation of polarization state based on the geometrical-phase
periodic encoding metasurface has important application prospects. Here, terahertz metasurface composed of
specially shaped metal pattern coded particles is proposed. When the coded particles are normally incident, the
amplitude reflectivity of the terahertz wave is above 80% in a range of 0.50-1.80 THz. Combined with the
Pancharatnam-Berry (P-B) phase theory, 8 kinds of coded particles are designed by rotating the angle of the
designed unit. Three kinds of 1-bit, 2-bit, and 3-bit periodic encoding metasurfaces with different encoding
sequences are used to manipulate the reflected terahertz waves splitting into multiple-beam with different
deflection angles. In addition, both reflection characteristics (including amplitude, phase, and phase coverage) of
all coded particles and the angle deflection of the designed 2-bit periodic metasurface are measured by normal
incidence THz time-domain spectrometer and variable incident angle THz time-domain spectrometer,
respectively. Based on generalized Snell law and experimental results, the reason for the discrepancy between
theoretical value and experimental value is further analyzed, which can provide a reference for the reverse

design of the coded metasurfaces to meet various practical needs.
Keywords: terahertz wave, Pancharatnam-Berry phase, coded metasurfaces, manipulation
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