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The Investigation of Anisotropic Plasmon Modes of

Multilayer Black Phosphorus Sandwich Structure and Tuning Mechanism

QIAN Manling, TAO Hanxi, YE Ruiyun, LI Xuanying, XIAO Yiming

(School of Physics and Astronomy, Yunnan University, Kunming 650091, China)

Abstract: Using the random phase approximation (RPA) dielectric function theory along with the
quantum electrostatic heterostructure (QEH) model, the anisotropic plasmon modes of multilayer black
phosphorus (BP) sandwich structures were systematically investigated. By changing the number of
black phosphorus layers, carrier concentration, and number of hexagonal boron nitride (BN) layers, we
explored their effects on the plasmon modes. The obtained results show that the plasmon modes in
monolayer black phosphorus exhibit significant anisotropy along the in — plane x and y directions. As
increasing the number of black phosphorus layer, the number of plasmon modes also increases. The
enhancement of dielectric screening would weaken the interlayer Coulomb interaction and reduce the
energy spacings between the optical and acoustic branch plasmon modes in double layer structure.
Increasing the carrier concentration can also effectively enlarge the resonance energies of two plasmon
branches. The study provides a theoretical foundation for the design and application of plasmonic devices
based on multilayer black phosphorus sandwich structure.

Keywords: black phosphorus(BP) ; plasmon; random phase approximation(RPA) ; sandwich structure
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