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Photocurrent Generation in Atomically Thin Transition Metal Dichalcogenides
Zhang, X.X. (Columbia U., Physics); Heinz, T.F. (Stanford U., Applied Physics); Lai, Y.; Lu, Z. and Smirnov, D. (NHMFL)
Introduction

The strong spin-valley coupling in monolayer TMDCs is one of most unique and important features for these 2D semiconductors. Using near-resonant light excitation, the handedness of the incoming photon can selectively excite electrons in the K valley or in the K’ valley [1,2].  We can thus control the spin of photo-generated electrons by means of the circular polarization state of light.
Experimental


Micron-sized atomically thin MoS2 samples were prepared by mechanical exfoliation onto a pre-patterned substrate with ferromagnetic contacts. Photocurrents were measured under illumination of near-resonant laser excitation. The light intensity was modulated by an optical chopper, while its polarization was switching between right- and left-hand circular polarization by a liquid-crystal phase retarder. The measurements were performed in SCM 3 using the 17.5 T superconducting magnet. 
Results and Discussion


With an applied out-of-plane magnetic field, carriers in the ferromagnetic contacts are spin polarized, and therefore affect the generation of photocurrent for different spin pumping. As shown in Fig. 1a, under illumination of different circularly polarized light, the corresponding photocurrent differs by ~10%, demonstrating the spin-valley coupling in this material. We modulated the circular polarization of the excitation light and measured the magnetic field dependence of photocurrent polarization, i.e., (I(σ-) – I(σ+))/( I(σ-) – I(σ+)), as shown in Fig. 1b. The degree of polarization at a magnetic field of 17.5 T is consistent with the results shown in Fig. 1a. When reducing the magnetic field from to 0 T, the polarization remains mostly unchanged, reflecting the ferromagnetic nature of the electrode contacts. When increasing the magnetic field strength in the opposite direction, the photocurrent polarization flips sign and goes to ~10% at -17.5 T, opposite to the results of 17.5 T. 
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Conclusions

 We performed photocurrent measurements on micron-sized samples with different circular-polarized light and had obtained preliminary results that agree with theoretical expectations. Further improvements in sample fabrication and more precise control of the circular polarization state of the light will enable us to explore and clarify the related physics phenomena. 
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Fig.1 a, Comparison of photocurrent under illumination of different handedness of circularly polarized light, with a 17.5 T out-of-plane magnetic field. b,  Photocurrent polarization as a function of applied magnetic field. 








