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Quantum Transport in Graphene in Ultra-high Magnetic Fields
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Introduction 

Quantum transport in 2D materials in ultra-high magnetic fields remain relatively unexplored. Pulsed fields provide an exciting opportunity to explore 2D materials above current research. Our primary objectives at the LANL pulsed magnetic field laboratory are to explore the compatibility of typical 2D material devices with pulsed field measurements, and to observe quantum phenomenon such as gate-tunable fractional quantum Hall effect at B>45T.
Experimental


We focus on graphene devices that are encapsulated within hexagonal boron nitride sheets and patterned into Hall bar geometry. The measurements were carried out in both AC and DC modes. 
Results and Discussion


This is our first trip to use pulsed magnets, and we encountered a number of difficulties, such as wire bonding failures, non-optimized device geometries and cool down failures. We found that AC mode was ultrasensitive to hysteresis loops and the signal was difficult to calibrate. Nevertheless, we are able to obtain reasonable data in DC mode, which are summarized in Figure 1. At various back gate voltages we observe the development of quantized plateaus in the resistance of our hBN-G-hBN device in DC mode even above 45T. At each gate voltage the traces are taken in both up and down sweep directions. Despite the large hysteresis that arises from the large loop areas in our bonding wires and device electrodes, quantum Hall plateaus quantized at h/e2‑ are still well resolved, thus confirming the feasibility of our design in exploring quantum phenomenon in ultra high pulsed magnetic fields. 
Conclusions

We were able to observe evidence for quantum Hall in graphene in pulsed magnetic fields. We expect better results and novel phenomena with optimized device geometry. 
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Fig.1 Quantized Landau Levels at different applied back gate voltages. Lines are guide for various filling factors









