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Anisotropic tunable multi-order strong coupling in black
phosphorous nanodisk-sheet plasmonic system

HAN Li, XING Huai-Zhong

(Department of Optoelectronic Information Science and Engineering, Donghua University, Shanghai 201620,
China)

Abstract: Black phosphorus supports anisotropic surface plasmons, which can be used to design principle devices with
more functions. The hybridization behavior of different plasmon modes in the sheet-disk-sheet system based on black
phosphorus in the mid-infrared to far-infrared waveband is numerically simulated by the finite-difference time-domain
method. By dynamically adjusting the carrier concentration in the black phosphorus, the generation and control of the
strong coupling phenomenon in the two lattice directions can be realized. Analyzing and calculating the coupling be-
tween different modes, the Rabi splitting energy in the absorption spectrum can be as high as 42. 9 meV. In addition,
the influence of the polarization angle on the strong anisotropic coupling is also calculated, which can achieve up to 6 ab-

sorption bands. The proposed model provides a basis for the construction of compact anisotropic plasmonic devices

based on two-dimensional materials that will work in the mid-to-far infrared bands in the future.
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Fig. 1

strong coupling system: (a) layer—disk—layer distribution of black

The schematic diagram of black phosphorus plasmon

phosphorus plasmon coupling model, (b) top and side views of the

structure, (c) black phosphorus structure and its two lattice directions
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Fig. 2 Absorption of black phosphorous disk array: (a) The schematic diagram of the structure of the disk array, the plane wave is irradiated
vertically on the structure, (b) the absorption curve when the polarization is 0° (along the Armchair direction) and 90° (Zigzag direction) , (c) the
electric field distribution at the corresponding absorption peak, (d—e) the absorption spectra at different carrier concentrations when the polarization
angle is 0° and 90°, (f) fitting curve of absorption peak changing with carrier concentration, (g-h) the real and imaginary parts of the conductivity
along the two lattice directions of the black phosphorus, (i) the anisotropic absorption spectrum of the black phosphorus disk under different polariza-

tion angles
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Fig. 3 Hybridization of BPSP in continuous black phospho-
rus layer with BPLSP in black phosphorus nanodisks: (a) and
(b) are the absorption spectra obtained by changing the carrier concen-
tration of the continuous black phosphorus layer from 0.5%10" ¢m™ to
2.0x10" ¢m™, and the polarization is along the two lattice directions of
black phosphorus, (c) and (d) are the simulation results of the above
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green line represents the individual BPLSP mode, and the red line rep-

resents the individual BPSP mode
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nanodisk is set to 0.8x10" ¢m™ and 2.0x10" ¢m™ unchanged, the ab-
sorption spectrum obtained by changing the polarization angle of the

plane wave, (b) the absorption curve when the polarization angle is 45°
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Fig. 6 The absorption spectrum and curve analysis of the
three-mode coupling in the black phosphorus sheet-disk-sheet
hybrid system: (a) and (b) are the multi-order absorption spectra ob-
tained by numerical simulation when the polarization is along the two lat-
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