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Fig. 1. (a) Illustration of SiN, grating and the simulated electric field distribution for the TE mode, the directions of electric field E,

are along y and —y axis reprented by red and blue color; (b) simulation results of the photonic dispersion and quality factor (inset)

of SiN, grating; (c) experimentally measured photonic dispersion of the SiN, grating; (d) optical image of 1L WS, flake transferred

on SiN, gratings under 100X objective and the schematic diagram of 1L WS,/SiN, PC device (inset).
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Fig. 2. (a) Momentum-resolved PL spectrum of 1L WS,-PC integrated device, showing the same anti-crossing polariton modes;

(b) experimental (obtained from panel (a)) and fitted results of the upper and lower branch dispersions of exciton-polaritons.
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Fig. 3. Normalized PL spectra of (a) bare PC, (b) 1L WS,, (¢) WS,/PC device from k, = 0 to k, = 0.38. The data are extracted
from corresponding spectra in Fig. 3, in which the blue dash is LPB, the red dash is UPB for eye guide.
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Abstract

Exciton polaritons based on strong exciton-photon coupling hold great promise for developing novel

polaritonic devices and studying quantum many-body physics. However, due to the relatively small exciton

binding energy of most semiconductor materials, exciton polaritons can typically only be realized at low

temperatures (~4 K), which limits their room-temperature applications. Therefore, there is an urgent need to

develop a platform capable of generating exciton polaritons at room temperature to facilitate both fundamental

research and practical applications.
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In this work, leveraging the room-temperature stability of excitons in monolayer WS, and the ultrahigh
quality factor of bound states in the continuum (BICs) in photonic crystals, we successfully designed and
fabricated a composite device consisting of a substrate-free SiN, one-dimensional grating and a monolayer WS,,
demonstrating room-temperature generation of exciton polaritons. By measuring the momentum-resolved
photoluminescence spectrum of the device, we obtained the exciton-polariton dispersion curve and observed a
clear mode anticrossing between the dispersionless WS, excitons and the highly dispersive cavity photons. This
unambiguously confirms the formation of distinct upper and lower polariton branches, evidencing strong
coupling between monolayer WS, excitons and cavity photons. By applying a coupled-oscillator model to the
experimental dispersion, we extracted an exciton—photon coupling strength of ~17.8 meV and a Rabi splitting
as high as ~34.6 meV, which rigorously satisfy the strong coupling criteria.

In conclusion, we successfully achieved room-temperature strong coupling between WS, excitons and cavity
photons by harnessing the ultrahigh quality factor of bound states in the continuum within a suspended

microcavity. This novel suspended microcavity design with an ultrahigh quality factor effectively eliminates

substrate-induced energy dissipation, thereby fully

Laser
preserving the intrinsically large oscillator strength of
the excitons. Ultimately, this architecture provides a Polariton
robust foundation for integrating van der Waals

Exciton
materials into room-temperature quantum and
polaritonic devices, and paves the way for room-

temperature observation of macroscopic quantum -

phenomena  such  as  polariton  Bose-Einstein .w
condensation as well as the development of ultra-low- E v.
threshold coherent light sources.
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