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Fig. 1. Diagram of the asymmetric cavity-monolayer MoS,

system.
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Fig. 2. (a) Frequency dependency of optical conductivity of monolayer MoS,; (b) frequency dependency of the complex refractive
index of the sapphire substrate. In panel (a) both the real and imaginary parts of the optical conductivity are normalized by univer-

sal conductivity Yo = e2/4h.
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Fig. 3. (a) Dispersion relations of the CCPPs supported by the ACPS and the localization of (b) FPLM, (¢) QLM, and (d) SPLM

modes.
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Fig. 4. FEM simulation results of the CCPPs: (a) Diagram of the simulation model. Field distributions of E, for the FPLMs of (b)
Np = 7 and (c) Np = 8, (d) the fundamental mode of SPLM, and the QLMs of (e) No = 3 and (f) Ny = 6. Note that the fields £,

are normalized by the corresponding maximum values E.
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Fig. 5. FEM simulation results of the CCPPs with different C: (a)—(c) Field distributions of (a) SPLM, (b) QLM, and (c¢) FPLM for
C = —-0.75; (d)—(f) results of (d) SPLM, (e) QLM, and (f) FPLM for C = 0. Note that the fields E, are not normalized.
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Abstract

Compared with graphene, two-dimensional (2D) transition metal sulfides, represented by mono-/few-layer

MoS,, have tunable non-zero bandgap, and thus their applications in optoelectronic devices are more

advantageous. By using classical electromagnetic theory and finite element method (FEM), we investigate the

cavity coupled plasmon polaritons (CCPPs) formed through the coupling between cavity modes in a resonator

and plasmons in monolayer MoS,, particularly calculate and verify the properties of the high-order CCPPs. In

previous work, it was demonstrated that the substrates, defects, and polycrystalline grains of the CVD grown

monolayer MoS, usually induce weak electron localization, which leads to the deviation from the Drude model

based on the approximation of free electron gas. Therefore, here we use the Drude-Smith model with
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characteristic parameters obtained experimentally to describe the optical conductivity of monolayer MoS, in our
theoretical calculation and simulation. Then, we not only derive and solve the dispersion equations of the high-
order CCPPs, but also verify the existence and analyze the properties of these high-order modes. Specifically,
there are three types of CCPPs in the asymmetric cavity-monolayer MoS, system, i.e. the FP-like-modes
(FPLMs), the surface-plasmon-like modes (SPLMs), and the quasi-localized modes (QLMs). Among them, the
FPLMs and QLMs can support high-order modes whereas the SPLMs only support the fundamental modes.
According to our model, we calculate the wave localization properties for the 7th-order and 8th-order FPLM,
the 3rd-order and 6th-order QLM, and the SPLM. These theoretical results are in good agreement with the
simulation results. Moreover, the effects of weak electron localization are also shown by comparing the field
distributions of the CCPPs based on the Drude model
with those based on the Drude-Smith model. Tt is

found that weak electron localization can reduce the ‘ ‘

. . SPLM| | QLM
coupling between the cavity modes and the plasmons

in monolayer MoS,. These results can deepen our

understanding of the excitation of plasmons in 2D

+» PEC «

materials as well as the modulation of their properties.

Furthermore, the theoretical model can also be || FPLM

extended to other plasmonic systems related to low-

dimensional and topological quantum materials.
Keywords: plasmons, monolayer MoS,, cavity, terahertz

PACS: 71.36.4c, 42.60.Da, 87.50.U- DOI: 10.7498 /aps.73.20241106

CSTR: 32037.14.aps.73.20241106

227102-9


http://doi.org/10.7498/aps.73.20241106
https://cstr.cn/32037.14.aps.73.20241106
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

R - A R AT R R S EEAR L ROT
%& XAFM FH KEE HEW KL TH

High-order cavity coupled plasmon polaritons in resonant cavity—monolayer MoS, system
HoulLei Guan Shu-Yang YinJun Zhang Yu-Jun  Xiao Yi-Ming  Xu Wen  Ding Lan

5|5 &, Citation: Acta Physica Sinica, 73, 227102 (2024) DOI: 10.7498/aps.73.20241106
TEZEHE View online: https://doi.org/10.7498/aps.73.20241106
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

I AT R BT 5 BB R AP
Tight focus and field enhancement of terahertz waves using a probe based on spoof surface plasmons

PIFRZEAR. 2020, 69(5): 054201  https://doi.org/10.7498/aps.69.20191531

BT M 25 A1 B 5 SO TR 2 SR AT IR S5+ S
Multi—parameter tunable phase transition based terahertz graphene plasmons and its application

YIBR2A4R. 2021, 70(22): 224202  hitps://doi.org/10.7498/aps.70.20210445

BT S B HOT AR 25 A5 B A R A B
Sensing and slow light applications of graphene plasmonic terahertz structure

YIHLEHz. 2024, 73(15): 157802 https://doi.org/10.7498/aps.73.20240668
BALZMoS, HEIE AU NaCIXU By 4 K 1

Growth of monolayer MoS, films dual-assisted by NaCl

YA, 2022, 71(12): 128104 https://doi.org/10.7498/aps.71.20220273

B TR SR A AR RN T RS

Cotrollable growth of monolayer MoS, films and their applications in devices

PIFEAEA. 2022, 71(10): 108102 https://doi.org/10.7498/aps.71.20212447

SEBSIOTHE SR 1) A1 SRR I
Enhanced optical absorption of graphene by plasmon
YA 2020, 69(6): 067801  https:/doi.org/10.7498/aps.69.20191645


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20241106
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191531
https://doi.org/10.7498/aps.70.20210445
https://doi.org/10.7498/aps.73.20240668
https://doi.org/10.7498/aps.71.20220273
https://doi.org/10.7498/aps.71.20212447
https://doi.org/10.7498/aps.69.20191645

	1 引　言
	2 理论模型
	3 结果与讨论
	4 结　论
	参考文献

