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Atomically thin two-dimensional layered materials receive great interest because of their 

unique properties. Particularly, monolayers of semiconducting transition metal 

dichalcogenides (SC-TMDCs), such as MoS2, excel due to their strong light-matter interaction 

that is dominated by exciton phenomena [1-3] and valley selective optical excitation. Key to 

the integration of SC-TDMC and related artificial van der Waals solids into circuitries is the 

possibility to tune and engineer their properties on demand and on-chip e.g. by defects, 

dielectric environment or doping [4-8].  

In addition to lattice imperfections and disorder, scattering by phonons is a significant 

mechanism for valley depolarization and decoherence in TMDCs at elevated temperatures. 

We directly access exciton-phonon coupling in charge tunable single layer MoS2 devices by 

polarization resolved Raman spectroscopy. We observe a strong defect mediated coupling 

between the long-range oscillating electric field induced by the longitudinal optical (LO) 

phonon in the dipolar medium and the exciton. This Fröhlich exciton LO-phonon interaction 

[5] is suppressed by doping and correlates with a distinct increase of the degree of valley 

polarization of up to 60% even at elevated temperatures of 220 K [6].  

Moreover, interlayer excitons (IX) in vdW hetero-bilayers are intriguing systems to explore 

classical and quantum phases of interacting bosonic ensembles due to their enhanced 

lifetimes. We observe multiplet IX emission lines for MoSe2/WSe2 and MoS2/WS2 hetero-

bilayers that are interpreted in terms of multi-valley excitons [3, 9]. All-2D stark effect 

devices allows for the manipulation of the excitons by external electric fields [9]. Our results 

provide fundamental insights into long-lived interlayer states in van der Waals 

heterostructures with possible bosonic many-body interactions.  
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