Strain induced room-temperature valley coherence in monolayer Transition Metal Dichalcogenides
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Monolayer transition metal dichalcogenides (ML-TMDs) are a class of efficient, direct-gap semiconductors exhibiting unique
optical and electronic properties. These materials can be easily obtained through mechanical exfoliation from the bulk crystal. As
bidimensional materials, ML-TMDs can endure significant deformation and exhibit a strong response to externally applied strain
fields. Strain thus becomes an important tool for tuning their optical properties. The polarization of light also plays a crucial role
in fully exploiting the potential of these materials, as the exciton in the K and K’ valleys couples with right- and left-handed
circular polarization of emitted and absorbed photons. This polarization offers a new degree of freedom, referred to as valley
pseudo-spin. Linear polarization in the photoluminescence (PL) of ML-TMDs has been observed at low temperatures (10 K)
under near-resonant excitation, where the emission polarization follows the polarization of the excitation source. This effect has
been attributed to residual valley coherence resulting from the coherent excitation of carriers in both K and K’ valleys [1].
Additionally, linear polarization has been reported in various studies after applying uniaxial stresses [2], [3], [4]. In this work, we
report for the first observation of room temperature valley coherence, resulting in a degree of linearly polarized PL up to 15%. To
do so we mechanically exfoliated ML-WS2, and dry-transferred onto an array of triangular pillars on a Si/SiO2 substrate
fabricated using focused ion beam (FIB) technigques. Photoluminescence analysis reveals that the emission profile closely
resembles the pillar geometry, with triangular PL shapes and enhanced intensity at the edges of the pillars (30-80% greater than
the emission from the monolayer outside the pillars). This enhancement is accompanied by an emission energy shift and is a result
of the strain induced by the transfer process. Furthermore, polarization-resolved PL measurements show linear Stokes parameters
(S1 and S2) as high as £15%, with the spatial distribution of the linearly polarized emission strongly aligned with the pillar
geometry. In particular, we found that the PL polarization main component is aligned with the uniaxial strain axis. Our results
represent the first room-temperature observations of linearly polarized emission from strained ML-TMDs.
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