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Abstract of Thesis

Two-dimensional (2D) transition metal dichalcogenides (TMDCs) represent a class of atomically thin
semiconductors with tunable band structures, high carrier mobility, strong spin—orbit coupling, and remarkable
excitonic characteristics. Compared with their bulk counterparts, 2D TMDCs exhibit a transition to direct
bandgaps with giant exciton binding energies and efficient exciton—photon interactions. These unique features
make them promising for optoelectronic and quantum photonic devices, including light emitters, detectors, and
valleytronic elements. Nevertheless, their ultrathin thickness imposes an inherent limitation: the extremely
small interaction volume leads to intrinsically weak absorption and emission, typically below the threshold
required for practical device applications.

This dissertation aims to address this limitation by introducing a multiple coupling strategy that integrates
degenerate critical coupling (DCC) and intermediate coupling between Mie resonances in dielectric metasurfaces
and excitons in monolayers TMDCs. By establishing and experimentally validating this framework, the work
demonstrates a substantial enhancement of both absorption and photoluminescence (PL) in 2D materials.

The optical properties of Mie resonators are first analyzed in detail, focusing on the electric and magnetic dipole
(ED and MD) modes and their spectral degeneracy under the DCC condition. DCC enables perfect absorption
when the radiative loss rate is matched to the intrinsic loss rate. While this phenomenon has been mainly
achieved in the near-infrared and visible regions in previous studies, the present work extends it into the violet
spectral range by employing rotated dielectric resonators. This extension verifies the universality of the DCC
condition in high-index dielectric materials and expands its applicability to shorter wavelengths.

Building on this understanding, the dissertation further investigates hybrid photonics systems composed of
monolayer TMDCs integrated with Mie-type dielectric metasurfaces. Monolayer WS2 is employed as a
representative 2D semiconductor in the visible regime, where its A-exciton resonance around 615 nm dominates
the optical response. Both numerical simulations and experimental measurements reveal an intermediate
coupling regime between the exciton and Mie modes, characterized by a Rabi splitting of approximately 81 meV
and significant enhancement in both absorption and emission. The system exhibits a maximum absorptivity
exceeding 0.78 and a PL intensity enhancement of over 18-fold, demonstrating efficient energy exchange between
the excitons and Mie resonances. This work identifies and experimentally confirms the physical origin of
Miexcitons—the hybridized quasi-particles arising from intermediate Mie—exciton coupling.

By tuning the structural parameters, the ED Mie mode can be brought into near-resonance with the excitonic
transition, establishing the intermediate coupling that strengthens light—matter interaction. When the ED and
MD modes are spectrally overlapped, these modes act cooperatively to further amplify the absorption and
emission enhancement. Moreover, by adjusting the metasurface geometry, the Mie-resonance wavelength can be
continuously tuned from the ultraviolet to the infrared, enabling broad compatibility with various 2D materials
possessing different excitonic energies.

In conclusion, this dissertation establishes a comprehensive framework for Mie resonance—based exciton
enhancement through DCC and intermediate coupling, across from violet to visible wavelengths range. The
findings deepen the physical insight into hybrid 2D—dielectric photonic systems and provide practical design
principles for future optoelectronic and quantum photonic devices that exploit the extraordinary optical

properties of atomically thin semiconductors.
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