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Introduction

Black phosphorus (bP) has recently attracted interest as an electronic material due to its high hole mobility and layer-dependent direct band gap. Previous magnetotransport experiments have resulted in the observation of Shubnikov-de Haas oscillations [1] and the quantum Hall effect [2]. Magnetotransport in a parallel field however remains unexplored. A defining feature of bP is the anisotropic character of its crystal structure, which has been found to manifest itself in electrical, optical, and thermal properties [3]. In our most recent experiments, we seek to understand charge transport in bP in a parallel field and understand the role of crystal anisotropy.
Experimental


A bP field-effect transistor (Fig.1a) was mounted on a rotator probe in a parallel field configuration (Fig.1b) and measured in the 45T hybrid magnet system. The 2-point resistance was recorded as the orientation of the in-plane field was varied over 180 degrees.
Results and Discussion

The observed magnetoresistance (see Fig.1c) is anisotropic and varies non-monotonically with increasing field. The isotropic effective g-factor of bP [2] implies that spin polarization alone cannot be responsible for the observed anisotropy. Instead, the observed magnetoresistance is likely driven by magneto-orbital coupling which is predicted to be strongest when the in-plane field is perpendicular to the direction of current flow [4]. Although this holds at lower fields, we observe the opposite trend at the highest fields measured. We believe the effect to be related to the intrinsic anisotropic nature of bP, and we are working to elucidate the underlying physical mechanisms.
Conclusions

As the observed magnetoresistance cannot be understood on the basis of the existing theory for magneto-orbital coupling, we believe this is likely a manifestation of the anisotropic bandstructure of bP. 
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Figure 1 a) Optical micrograph of the bP FET with the source, drain, and top gates labelled. B) Schematic illustrating the experiment. The device is rotated such the orientation of the in-plane field is varied. C) Normalized 2-point resistivity of the device as a function of in-plane rotation angle. An angle of 0 degrees corresponds to alignment of the in-plane magnetic field with the direction of current flow.
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