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Valley-polarized photocurrent in monolayer MoS2 

induced by a magnetic field
Zhang, X.-X. (Stanford University, Applied Physics); Dohner, E.R. (Stanford University, Chemistry); Heinz, T.F. (Stanford University, Applied Physics and Photon Science); Lai, Y. (FSU, Physics); Smirnov, D. (NHMFL). 
Introduction 

The optical selection rules in monolayer transition metal dichalcogenides (TMDCs) allow the ready selection of valley-polarized carriers through the choice of the handedness of circular polarization of excitation. Achieving electronic read-out of these optically induced valley signals, on the other hand, is more challenging. Here we use an out-of-plane magnetic field to break the time reversal symmetry in monolayer TMDC, which induces a valley contrasting Zeeman shift in the K and K’ valleys. Correspondingly, we look into the polarization dependent optoelectronic response when the valley degeneracy is lifted. 
Experimental 

We excited monolayer MoS2 with light in which we modulated the circularly polarized (σ+/σ-) state; we detected the induced change in the photocurrent with out-of-plane magnetic fields of vary strength. The photocurrent was measured under a 3V bias across the source and drain. In addition, ferromagnetic electrodes were employed to simultaneously to detect the spin-polarized component in photocurrent. The measurements were performed in Cell 3, 17.5T SC system in the DC magnet facility. 
Results and Discussion


We measured the differential photocurrent (Iσ+ - Iσ-) in monolayer MoS2 to isolate the components that are spin and valley polarized. The main result is summarized in the Fig. 1, in which the photocurrent polarization P, defined as P = (Iσ+ - Iσ-)/(Iσ+ + Iσ-), is plotted as a function of magnetic field. Under a small magnetic field, the spin in ferromagnetic contacts is aligned. Correspondingly, we observed a fast onset in the photocurrent polarization, which is attributed to the presence of spin-polarized carriers under circularly polarized excitation. The observation of a spin-polarized component is similar to previously reported results [1].  At higher magnetic fields, the polarization is dominated by a non-saturating linear increase with increasing field strength. Through comparative studies, we identified this linear increase as arising from the intrinsic valley response of the material. We further characterized the spatial distribution of valley-polarized photocurrent by scanning the laser excitation across the sample, as well by the determining the dependence of the system response on the doping of the MoS2 monolayer. The experimental data support an explanation for the valley sensitive optoelectronic response as originating from the valley-polarized trions, created under the influence of the out-of-plane magnetic field. 
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Conclusions

In the presence of an out-of-plane magnetic field, we observed a valley-polarized component in photocurrent measurements on monolayer MoS2, as identified by comparing the photocurrent for excitation with left and right handed circularly polarized light. The detection of the valley-polarized photocurrent is robust and could be an effective way to read out the valley information encoded in excitons. 
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Fig.1 The measured photocurrent polarization, defined as (Iσ+ - Iσ-)/(Iσ+ + Iσ-), as a function of the strength of an applied out-of-plane magnetic field for monolayer of MoS2 sample with ferromagnetic contacts.











