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Magneto-transport of Few-layer, Passivated Black Phosphorus
Du, Y.; Zhou, H. (Purdue, ECE) and Ye, P.D. (Purdue University, Birck Nanotechnology Center, Electrical and Computer Engineering)
Introduction 
      The new wave of interest of black phosphorus (BP) has relied on exploring magneto-transport studies, especially quantum phenomenon1-4. In our previous measurements, we have studied the weak localization (WL) effect in few-layer BP, and few-layer phosphorene and probed their phase coherence lengths5. In this annual report, we concentrate on the low temperature/ high magnetic field measurement of BP with certain passivation techniques, demonstrating a significant Shubnikov-de Haas oscillation (SdH) effect in passivated few-layer BP sample.
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Figure 1 (a) Angle dependent Shubnikov-de Haas oscillation at the base temperature of 350 mK. (b) Extracted oscillation frequency in 1/B scale varies with 1/cos(θ).
      Magneto-transport measurements were performed using SCM2 at the NHMFL, Tallahassee, FL.  Fig 1(a) presents the normalized magneto resistance as it varies with applied magnetic field in the perpendicular direction. The angular dependent oscillation for 0°, 25.6°, 42.9°, 62.1°, and 80.5° degrees had been carefully engineered until the oscillation disappeared. It should be pointed out that, the quantum oscillation with 0° starts at ≈ -2 T, which elucidates a relative high hole mobility of our passivated BP sample.  In addition, oscillation frequency BF at the base temperature, had also been extracted and presented in 1/B sale, shown in Fig 1(b). The relationship between oscillation frequency and 1/cos(θ) matched a linear behavior, indicting its fundamental 2D nature property.
Conclusions

SdH oscillations have been observed in our passivated BP sample, which demonstrates a great potential for the 2D semiconducting material BP to achieve further high-mobility-generated quantum phenomena. We propose to continue our research at the NHMFL, so as to explore more exciting properties of low-dimensional  BP.
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