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Plasmon-induced transparency in m-cascade structure of phosphorene

XU Ding-Yang, HANLi’, XING Huai-Zhong', CHU Jun-Hao
(College of Science, Donghua University, Shanghai 201620, China)

Abstract: Phosphorene provides a new choice for the construction of optoelectronic devices based on two-dimensional
materials because of its adjustable band gap, high carrier mobility and in-plane anisotropy. Plasmon-induced transparen-
cy in the m-cascade and compact structure of phosphorene was numerically simulated by the finite difference time do-
main method. By changing the structure distribution and Fermi energy level of phosphorene and other parameters, a
wide range of tunable plasmon-induced transparency from mid-infrared to far-infrared was realized. Among them, the
number, intensity and position of transparent windows are flexibly modulated. In addition, the sensitivity of induced
transparent window to the angle of polarization is studied. The results provide a reference for the development of biosen-
sors, photo-detectors and optical switches based on the surface plasmon of phosphorene.

Key words: infrared physics, plasmon-induced transparency, finite-difference time-domain method, phosphorene,
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Fig. 3 Transmission spectra under different structures

Note: The system is illuminated normally by x-polarization plane wave and the geometric parameters are chosen as: /, =/, = 50 nm,

w,=w, =10 nm, d, = 10 nm, d, = 30 nm, the thickness of phosphorene is 10 nm, p =220 nm, & = &,=1; (a) and (b) are trans-

mission spectra in x direction and y direction respectively; (¢) shows the electric field distribution of A(5.42 ym), B(5.47 ym),
C(5.48 um) and D(5.56 um) in fig. 3(a); (d) shows the electric field distribution of A(14.20 um), B(14.50 um), C(14.96
pum) and D(14. 56 um) in Figure 3(b); The electric field distribution diagram is observed in the x-y plane, and the unit is V/m.
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Fig. 4 Transmission spectrua under n-cascade structure of phosphorene,

Note: (a) and (b) indicate the transmission spectra when d, is 10 nm, 20 nm, 30nm and 40 nm, respectively. The system is illumi-
nated normally by x-polarization plane wave and the geometric parameters are chosen as: /, =/, =50 nm, w, =w, =10 nm, d, = 10
nm, d, =30 nm, the thickness of phosphorene is 10 nm, p =220 nm, & = &,=1; (a) and (b) are transmission spectra in x direction
and y direction respectively; (c) shows the electric field distribution of A(5. 44 um), B(5.46 um), C(5.47 um), D(5.48 um),
E(5.00 um) and F(5. 10 um) in Fig. 4(a); (d) shows the electric field distribution of A(14. 44 um), B(14.47 um), C(14.51
pum), D(14.56 um), E(13.06 pm) and F(13.33 um) in Fig. 4(b); The electric field distribution diagram is observed in the x-y

plane, and the unit is V/m.
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Fig. 5 Transmission spectra under compact n-structure of phosphorene

Note: (a) and (b) indicate the transmission spectra when d, is 0 nm, 5nm, 10 nm and 20 nm, respectively. The system is illuminat-
w,=10nm, d, =10
nm, d, =30 nm, the thickness of phosphorene is 10 nm, p =220 nm, & = &,=1; (a) and (b) are transmission spectra in x direction
and y direction respectively; (c) shows the electric field distribution of A(5.35 um), B(5.31 um), C(5.44 um), D(5.51 um),
E(4.85 um) and F(5. 88 um) in fig. 5(a); (d) shows the electric field distribution of A(14.23 um), B(13. 84 um), C(14. 62
pum), D(14. 68 um), E(12.96 um) and F(15. 68 um) in Figure 5(b) ; The electric field distribution diagram is observed in the x-y

plane, and the unit is V/m.
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transparent window under compact compact 7 -structure of

phosphorene (a) the X direction, (b) the Y direction
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