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Quantum optoelectronics 
Two-dimensional (2D) transition metal dichalcogenides (TMDs) with various band gaps provide a versatile material library for numerous unexplored physics arising from their low dimensionality in thickness, such as tightly bound excitons at room temperature, strong light–matter and exciton–plasmon interactions, available top-down wafer-scale integration, and band-gap tunability. We demonstrate principal functionalities for on-chip optical communications via reconfigurable exciton-plasmon interconversion in Ag nanowires (NWs) overlapping onto TMD transistors. Our results illustrate unique merits of 2D semiconductors for constructing reconfigurable device architectures in nanophotonic integrated circuits beyond the optical diffraction limit. 
Defect engineering
Artificially stacked van der Waals (vdW) heterojunctions in TMDs demonstrate ultimate device performances in p-n diodes, photovoltaics, light-emitting diodes, and tunneling field-effect-transistors. While heterojunction p-n diodes were well studied via artificial stacking of different TMDs, realizing the homojunction p-n diode is still limited by the absence of a promising strategy for intrinsic carrier type conversion. Herein, MoSe2 p-n diode with van der Waals homojunction is demonstrated by stacking the undoped (n-type) and the Nb-doped (p-type) semiconducting MoSe2 synthesized by chemical vapor transport for Nb substitutional doping. Our method of simple elemental doping paves a route for realizing not only ideal homojunction diodes but also CMOS logic circuits in a single TMD.
[bookmark: _GoBack]Although intricate defects are inevitably generated during the synthesis of transition metal dichalcogenides by chemical vapor deposition (CVD), the related discussions are mostly limited to chalcogen vacancies. We investigate single-crystalline monolayer hexagonal WS2 which is segmented into alternating triangular domains: sulfur-vacancy (SV)-rich and tungsten-vacancy (WV)-rich domains. The WV-rich domain with deep-trap states reveals an electron-dedoping effect, and its electron mobility and photoluminescence are lower by one order of magnitude than those of the SV-rich domain with shallow-donor states. Our work sheds light on tailoring macroscopic physical properties of two-dimensional materials via native defect engineering.
Van der Waals interfaces and Coulomb interactions
While interlayer Coulomb interaction mediated by vdW coupling has been extensively studied for carrier recombination processes in diode transport, its correlation with interlayer tunneling transport has not been elucidated. We report a contrast between tunneling and drift photocurrents tailored by the interlayer coupling strength in MoSe2/MoS2 heterobilayers. In strongly coupled heterobilayers modulated by thermal annealing, a positive photocurrent was observed owing to inelastic band-to-band tunneling assisted by interlayer excitons. By contrast, weakly coupled heterobilayers exhibited a negative photovoltaic diode behavior, manifested as a drift current without interlayer excitonic emission. Our studies shed light on tailoring carrier transport for numerous vdW optoelectronic devices.
 
