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Fig. 1. The beam steering principle based on the gate con-
trolled graphene metasurface with each column graphene
layers conductively linked to the electrode in the edge.
Illuminated by an incident wave, the metasurface can redi-
rect the incident wave to the desired direction (6, ¢) by de-
signing the phase distribution which is controlled by the
voltage profile, where 6 and ¢ are azimuthal angle and

polar angle.
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Fig. 2. Reflection amplitudes (a) and phase shifts (b) as a function of frequency under different Fermi levels.
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Fig. 3. (a) Schematic of the unit-cell of the proposed metasurface; (b) reflectance spectra of the unit cell by changing

Fermi level Ex from 0 €V to 0.8 eV, under the illumination of normally incident plane wave at 1.75 THz.
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Fig. 5. Numerically simulated far-field pattern of elec-
tric field of four types of metasurfaces: (a) S2; (b) S3;
(c) S2 4 S3; (d) S2 — S3.
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Abstract

Metasurfaces, the two-dimensional counterparts of metamaterials composed of subwavelength building blocks, can
be used to control the amplitude, phase, and polarization of the scattered wave in a simple but effective way and thus
have a wide range of applications such as lenses, holograms, and beam steering. Among these applications, metasurface-
based beam steering is of great importance for antenna engineering in communication systems, because of its low loss
and easy manufacture.

The capability of beam steering is mainly controlled by the phase profile which is determined by the phase shift
applied to the wave scattered by each of unit cells that constitute the metasurface. It should be noted that the required
phase profile achieved by distributing the unit cells with different phase responses can operate well only at a certain
frequency. The guidance in determining the required phase profile to steer the beam into a certain direction is the
generalized Snell’s law. According to this law, the reflection angle of the wave reflected by the metasurface interface
depends on the linear phase gradient along the metasurface. Therefore, by forming different linear phase gradients
covering the whole phase shift 2 periodically, one can steer the reflected waves to different angles. However, the
obtained reflection angles are limited because the phase gradient of a metasurface is limited by the unit cell size, which
cannot be infinitely small. Recently, a new pattern shift theory based on the convolution theorem has been proposed to
realize wide angle range steering, enabling flexible and continuous manipulation of reflection angle. Because the electric
field distribution and the scattering pattern in the far-field region are a Fourier transform pair, we can pattern the
electric field of the metasurface to control the scattered waves of far field. Specifically, the multiplication of an electric
distribution by a gradient phase sequence leads to a deviation of the scattering pattern from its original direction to a
certain extent in the angular coordinate. However, we have not considered the tunability of metasurfaces so far, which is
required in applications. The ways to reach tunability in metasurface include diode switches, micro-electro-mechanical
system, and the use of tunable materials such as graphene. Graphene, an atomically thin layer of carbon atoms arranged
in a honeycomb lattice, has aroused the enormous interest due to its outstanding mechanical, thermal, and electrical
properties. With the capability of being electrically tunable, graphene has manifested itself as a promising candidate
for designing the tunable metasurfaces. Although the reflection angle can be changed by electrically reconfiguring the
graphene Fermi level distribution of the metasurface, the steering angle is still limited. In this paper, we propose and
design a tunable graphene metasurface with the capability of dynamically steering the reflection angle in a wide range,
which is achieved based on the new pattern shift theory. The theoretical results and the numerically simulated results
both show that the reflection angle can be steered from 5° to 70° with an interval less than 10°, implying the promising

potential in the design of tunable antenna.
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