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Broadband Switchable Bifunction Terahertz Polarization Converter
Based on Dirac Semimetal

Yi Nanning, Zong Rong, Qian Rongrong’

School of Information, Yunnan University, Kunming 650500, Yunnan, China

Abstract A broadband switchable bifunction terahertz polarization converter based on a Dirac semimetal is proposed in
this paper. The polarization converter comprises a resonant structure and a gold film separated by a polyethylene cyclic
olefin copolymer dielectric layer. By adjusting the Fermi energy level of the Dirac semimetal, the designed metasurface
can be switched from a quarter-wave plate to a half-wave plate. The numerical simulation results revealed that when the
Fermi energy level is 70 meV, the metasurface is a quarter-wave plate, which can convert the incident linearly polarized
wave into a left-handed circularly polarized wave at frequency ranging from 1.955-2. 071 THz. The plate converts the
linearly polarized wave into a right-handed circularly polarized wave at frequency ranging from 2.606-3.490 THz.
Furthermore, the ellipticity associated with frequency ranging from 1.955-2. 071 THz and 2. 606-3. 490 THz is close to
4+ 1. The metasurface behaves as a half-wave plate capable of converting y-polarized waves into x-polarized waves at
frequency ranging from 2.599-3. 638 THz. The corresponding polarization conversion rate exceeds 90% when the Fermi
energy level is 160 meV. In addition, compared with other structures, the structure can maintain the same performance at
a large incident angle, and its polarization switching performance can be dynamically tuned by changing the Fermi energy
level of the Dirac semimetal. The design method can be employed in various fields including wireless communication,
terahertz sensing, and imaging.
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Fig. 1 Structure of the switchable bifunction polarization converter. (a) Perspective view; (b) top view; (c) side view of the unit cell
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Fig. 2 Dielectric constants of BDS at different Fermi energy levels. (a) Real part; (b) imaginary part
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Fig. 3 Simulation results when BDS are used as QWP. (a) Reflection coefficient of co-polarization and cross-polarization; (b) phase

and phase difference corresponding to reflection coefficient; (¢) decomposition diagram of incident wave vector; (d) phase and

phase corresponding to reflection coefficient in u-v coordinate system; (e) ellipticity
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Simulation results when BDS are used as HWP. (a) Reflection coefficient and PCR; (b) phase and phase difference

corresponding to reflection coefficient in u-v coordinate system
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