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Graphene terahertz metasurfaces for dynamic manipulation of special beams
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Abstract: Most existing special beams(focused beams, Airy beams, etc.) metasurfaces usually use
metallic materials for a single wavefront modulation by changing the dimensions of the cell structure, the
angle of rotation, etc. There are fewer researches on metasurfaces for special beams with dynamically
tunable wavefronts. Therefore, breaking the barrier of traditional structures, special beam metasurfaces
which utilize Fermi energy levels of graphene to dynamically modulate the wavefront are constructed.
Stronger freedom in dynamically modulating the wavefront can be realized in order to achieve more and
more complex phase requirements. Focusing metasurfaces with tunable wavefront and tunable Airy beam
metasurfaces are designed, different phase distributions are obtained by tuning the Fermi energy levels
of graphene. Utilizing the dynamic wavefront, the spatial position of the focal point, the switching of the
focusing switch with the number of focal points, and the parameters affecting the Airy beam can be
regulated. The proposed dynamic tunable wavefront special beam metasurfaces are helpful for terahertz
applications in high—resolution imaging, focus—tunable planar lenses, optical micromanipulation, laser
micromachining, and optical bullet molding.
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Fig.1 Schematic diagram of the unit structure and reflection characteristics
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Fig.2 Schematic illustration of the principle and function of single focal point focusing
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Fig.3 Schematic illustration of the principles and functions of focus modulation; (a),(d) focus—tunable metasurface phase distribution; (b),(e) Fermi energy
level distribution and reflectivity; (c),(f) electric field properties
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Fig.4 Schematic illustration of the principle and function of focal point translation; (a) and (d) phase distribution; (b) and (e) Fermi energy level
distribution, reflectivity; (c) and (f) electric field characteristics of the focal horizontal tuning metasurface
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Fig.5 Schematic of principle and function of bifocal point
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Tablel Airy beam distribution of Fermi energy levels corresponding to one coded phase

phase Ey./eV E.,/eV reflection amplitude
/2 0.21 0.2 0.875 53524
—11/2 0.80 0.9 0.877 294 27
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Fig.8 Schematic diagram of different number of arrangements of Airy beam arrays with the same parameters and electric field characteristics
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Fig.9 Schematic diagram of Airy beam array with different number of arrangements under the same parameter and electric field characteristics
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