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Quantum Oscillations in Two-Dimensional MoS2
Kim, Y.D.; Arefe, G.; Cui, X.; Seo, D.; Hone, J. (Columbia U., Mechanical Engineering); Taniguchi, T.; Watanabe, K. (National Institute for Materials Science); Palau, R.R.; Shin, E. and Dean, C. (Columbia U., Physics)
Introduction 

Two-dimensional (2D) transition metal dichalcogenides (TMDCs) such as molybdenum disulphide (MoS2) have great potential for exploring exotic quantum transport due to breaking of inversion symmetry and strong spin-orbit coupling. Especially in the monolayer limit, the manipulation and detection of valley degree of freedom in 2D TMDCs allows for the realization of valleytronics. So far, research on coupled spin-valley physics in TMDCs have focused on optical methods [1], owing to difficulty in achieving reliable electrical contact and ultrahigh mobility transport devices. We have demonstrated a dramatic improvement of Hall mobility up to ~ 10,000 cm2/Vs and the first observation of Shubnikov-de Haas oscillation from atomically thin MoS2 with a van der Waals heterostructure device platform [2]. 
Experimental 

Our measurements were conducted at the NHMFL using a 31T magnet with 3He cryostat system (Cell 9) and exhibited quantum oscillations in monolayer MoS2 heterostructures with electrostatic doping.   
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Results and Discussion


From monolayer MoS2 with hBN encapsulation and multi-terminal few-layer graphene contact, we achieved mobility up to ~ 1,700 cm2/Vs and observed clear quantum oscillation and oscillation periodicity variation by electrostatic gating as shown in Fig. 1. We obtained the Landau fan diagram of monolayer MoS2 by a mega sweep of magnetic field and charge carrier concentration. Quantum lifetime of electrons in the conduction band of monolayer MoS2 was extracted as ~ 100 fs. From these measurements, we observed the lift of degeneracy under high magnetic field, which is due to the spin and valley Zeeman effect , resulting in valley polarization.  

Conclusions

We measured quantum oscillations and a Landau fan diagram from monolayer MoS2 at high charge carrier concentration. For clear observation of spin and valley Zeeman effect induced Landau level crossing, we have to approach band edge transport. With dual-gate structure and contact engineering in 2D TMDC, we expect the clear observation of exotic quantum transport. Our approach paves the way towards the realization of 2D semiconductor based mesoscopic systems to allow for a deep understating of coupled spin-valley physics in the 2D limit.  
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Fig.1 Quantum oscillation of monolayer MoS2 with different charge carrier concentration at 300 mK.









