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Abstract

The emergence of interlayer excitons from atomically layered transition metal dichalco-
genides (TMDs) heterostructures has drawn a tremendous attention due to their unique
and exotic optoelectronic properties. Coupling the TMD van der Waals heterostructures
into optical cavities provides distinctive electromagnetic environments which plays an
important role in controlling multiple optical processes such as optical nonlinear genera-
tion or photoluminescence (PL) enhancement. However, there is a gap in current research
on the integration of interlayer excitons in TMDs heterostructures and optical cavities,
especially plasmonic cavities. To address this shortage, this project is devoted to investi-
gating the light and matter interaction between the interlayer excitons and plasmonic
nanocavities based on a nanogap plasmonic structure consisting of a silver nanocube on
a flat metallic mirror. Spectroscopic studies reveal an order of magnitude enhancement
of the interlayer exciton at room temperature and a 5-time enhancement in fluorescence
at cryogenic temperature. Also, finite-difference time-domain (FDTD) simulations of the
plasmonic cavity system was carried out to elucidate the mechanism of the enhancement,
despite of low spontaneous radiative decay rate enhancement. As a result, enhancement
of the emission is based on increasing excitation efficiency and Purcell effect from the
cavity. Our results show a novel method to control the excitonic processes in TMDs het-

erostructures to build high performance nanophotonic and optoelectronic devices.
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