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Atomically thin crystals of the transition-metal dichalcogenides MoS2, MoSe2, WS2, and WSe2 are direct-bandgap semiconductors that, owing to their strong spin−orbit coupling and lack of inversion symmetry, exhibit novel spin- and valley-coupled physical properties such as valley-specific optical selection rules. With a view toward exploiting both spin and valley degrees of freedom in these new 2D materials, early studies focused on the photoluminescence properties and fast picosecond dynamics of valley-polarized excitons. More recent experiments, typically based on time- and polarization-resolved optical absorption or Faraday/Kerr effects, have begun to explore the intrinsic spin and valley dynamics of the background carriers (electrons or holes) that reside in n-type or p-type material.
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Experiment & Results 
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We report a systematic study of coherent spin precession and spin dephasing in electron-doped monolayer MoS2. We investigated three different samples of high-quality monolayer MoS2, all grown by CVD on SiO2/Si substrates. Images of the samples are shown in the Figure. Samples 1 and 2 (S1 and S2; both grown at Rice University) contain isolated monolayer MoS2 crystals having typical lateral dimensions of ∼15 and 75 μm, respectively. MoO3 and pure sulfur powder were used as precursor and reactant materials, and the growth was performed at a reactant temperature of 750°C on blank SiO2/Si substrates. S1 was grown at slightly lower temperature and used more precursor than S2, leading to easier nucleation and a higher density of smaller MoS2 crystals. Sample 3 (S3; grown at the Naval Research Lab) used the same precursor and reactant materials but was grown using 625°C reactant temperature. In addition, perylene-3,4,9,10-tetracarboxylic acid tetrapotassium salt was loaded on the SiO2/Si substrate, which acted as a seeding promoter to achieve uniform large-area monolayer MoS2. S3 has regions of both discrete and continuous monolayer MoS2. 
[image: image5.jpg]Using time-resolved Kerr rotation spectroscopy and applied in-plane magnetic fields, a nanosecond time scale Larmor spin precession signal commensurate with g-factor |g0| ≃ 1.86 is observed in all MoS2 samples grown by chemical vapor deposition. The dephasing rate of this oscillatory signal increases linearly with magnetic field, suggesting that the coherence arises from a subensemble of localized electron spins having an inhomogeneously broadened distribution of g-factors, g0 + g. In contrast to g0, g is sample-dependent and ranges from 0.042 to 0.115, likely reflecting differences in the local disorder landscape due to varying growth conditions.
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