Carrier and polarization dynamics in monolayer MoS,
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Abstract.

Transition metal dichalcogenides such as MoS, emerge as an exciting class of atomically flat, two-
dimensional materials for electronics, optics and optoelectronics [1]. In contrast to graphene, monolayer
(ML) MoS; has a direct bandgap in the visible region of the optical spectrum. Inversion symmetry
breaking (usually absent in graphene) together with the spin-orbit interaction leads to a unique coupling
of carrier spin and k-space valley physics. The circular polarization (c+ or o-) of the absorbed or emitted
light can be directly associated with selective carrier excitation in one of the two non-equivalent K
valleys (K+ or K-, respectively) in momentum space [2]. The chiral optical selection rules open up very
exciting possibilities of manipulating carriers in valleys with contrasting Berry phase curvatures, aiming
for experimental manifestations of the predicted valley Hall effect [4]. Also stable spin states have been
predicted for valence and conduction states for this material.

Up to now optical valley initialization in ML MoS2 is based on the analysis of the large circular
polarization degree P. of the emitted light from the direct bandgap observed in time-integrated
measurements following circularly polarized laser excitation [2,5]. An important drawback seemed to be
the drastic decrease of P. as the temperature is raised to 300K [6]. In a simple approach, the time
integrated polarisation is determined by the initially created polarization Py, the lifetime of the electron-
hole pair T and the polarization decay time 15 through P.=Py/(1+7/1s). We emphasize that the polarization
decay time does not correspond directly to the carrier spin flip time as in most semiconductors like
GaAs, but itincludes the scattering time between the two non-equivalent K valleys (K+ or K-) [4].

Here we present time resolved polarization measurements in MoS2 monolayers, providing vital
information on the valley dynamics from 4K to room temperature [7]. We determine the key parameters
that govern the stationary polarization degree P.: Using quasi-resonant excitation of the A-exciton
transitions, we can infer from Figure la that the photoluminescence (PL) decays within t ~ 4.5ps. For
pulsed laser excitation, we observe a decrease of P, with increasing laser power. We show that the PL
polarisation remains nearly constant within our time resolution for experiments from 4K up to 300K (see
Figure 1b and 1c), a necessary condition for the success of future Valley Hall effect experiments based
on optically initialized K-valley polarization [4]. In addition, t does not vary significantly over this
temperature range [7]. These results are surprising when considering the decrease of P in time-
integrated experiments when going from 4K to 300K reported in the literature [5,6]. By tuning the laser
following the shift of the A-exciton resonance with temperature we are able to recover at room
temperature 80% of the polarization observed at 4K in our sample, see Figures 2a and 2b. The absence
of a clear PL polarization decay within our time resolution suggests that the initially injected polarization
Po, which dominates the steady state PL polarization, is responsible for this observation.

The role of strong excitonic effects (electron-hole pairs bound by Coulomb Interaction) merits
further investigation in this context [3], since the broad monolayer PL emission originates from charged
and/or neutral exciton recombination. Neutral excitons from the K- and K+ valleys can couple via the
Coulomb exchange interaction [8]. The role of this coupling as a mechanism for valley depolarization is
discussed.
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