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THz modulator based on graphene

WEN Song', ZHAO Qixiang®™, MA Mengshi*, LYU You™, HE Guogiang™?"
(1.The 13th Institute of China Electronics Technology Group, Shijiazhuang Hebei 050051, China; 2a.School of Information and
Communication ; 2b.School of Materials Science and Engineering, Guilin University of Electronic Technology ,
Guilin Guangxi 541004, China; 3a.Key Laboratory of Specialty Fiber Optics and Optical Access Networks ; 3b.Joint International
Research Laboratory of Specialty Fiber Optics and Advanced Communication, Shanghai University, Shanghai 200444, China)

Abstract: Graphene is attractive for the great potential in microwave, millimeter wave, terahertz
wave and other fields due to their excellent electronical properties. In this paper, a rectangular metallic
waveguide integrated with graphene for phase and amplitude modulator is designed in the millimeter and
sub—terahertz waves frequencies. Through adjusting the surface impedance of graphene, the amplitude
and phase of electromagnetic wave propagation in the waveguide can be controlled dynamically.
Meanwhile, the influence of the length and position of the integrated graphene sheet on the transmission
and reflection coefficients of electromagnetic wave in the waveguide is analyzed, as well as the effect of
graphene chemical potential on the transmission and reflection of electromagnetic wave in waveguide. The
results show that the reflection coefficient, transmission coefficient and transmission phase modulation
range of the modulator can be customized by adjusting the length of graphene sheet and its position in
rectangular metal waveguide, which meets the needs of device level applications.

Keywords: graphene waveguide; modulators; terahertz
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Fig.1 Graphene surface impedance versus frequency under different chemical potentials
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Fig.2 Schematic diagram of a rectangular metallic waveguide integrated with a monolayer graphene sheet
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Fig.3 Influence of graphene position change on transmission and reflection coefficients
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Fig.4 Influence of graphene length on transmission and reflection coefficients
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Fig.5 Phase shifts of transmission in the waveguide versus frequency under different chemical potentials of graphene
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Fig.6 Variation of transmission and reflection coefficients with frequency under different chemical potentials
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Fig.7 Schematic diagram of the rectangular waveguide integrated with the three-layer graphene composite
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Fig.8 Simulated transmission and reflection coefficients of the rectangular waveguide integrated with the graphene composite versus frequency when
the graphene chemical potential varying from 0 eV to 0.5 eV
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Fig.10 Schematic diagram of the rectangular waveguide
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Fig.11 Simulated transmission and reflection coefficients of the rectangular waveguide integrated with the elliptically shaped graphene composite
positioned in the middle of the waveguide wide wall versus frequency when the graphene chemical potential varying from 0 eV to 0.5 eV
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Fig.13 Simulated insertion loss and reflection coefficient of the rectangular waveguide integrated with the elliptically shaped graphene composite

positioned close to the waveguide narrow wall with d=1.67 mm versus frequency for the graphene chemical potential varying from 0 eV to 0.5 eV
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Fig.14 Phase shift of the transmission in the rectangular waveguide integrated with half of the elliptical graphene composite positioned close to the
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