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Potential-Controlled Selective Tunneling of Quantum Hall Edge States in 
Bilayer Graphene
Li, J.; Wen, H.; Yin, Z. and Zhu, J. (Penn State University, Physics)
Introduction 

Potential-controlled tunneling of integer and fractional quantum Hall edge states in two-dimensional electron gases enabled the determination of fractional charges and fractional statistics and illuminated the fascinating properties of one-dimensional wires. Similar experiments in graphene devices can take advantage of their sharp electrostatic profile to overcome previous experimental complications and exploit the multiple degrees of freedom unique to graphene materials. Here we report a potential controlled edge-edge tunneling study in bilayer graphene.      
Experimental 

A study completed in 2015 is published [1]. In 2016, we have completed a study of quantum Hall edge-edge tunneling using SCM2 18/20 T at the DC field facility in Tallahassee. A manuscript on these results is being prepared. We also conducted studies of the =0 state using the 31 T resistive magnet.      
Results and Discussion


Fig. 1(a) shows a schematic of the device structure, which consists of two independently tuned quantum Hall states separated by a tunneling barrier. The tunneling resistance RT across the barrier (R12 or R34) of a L/R configuration exhibits strong dependence on the height of the tunnel barrier controlled by Vbg as well as on the Landau level energies controlled by perpendicular electric fields DL and DR. Clear signatures of a wide range of tunneling regimes are observed. Fig. 1(b) shows an example of a complete mixing of edge states along the junction in certain parameter regimes. Fig. 1(c) shows RT in a -4/-2 configuration, where in certain Vbg range one edge is completely backscattered while the other edge fully mixes in the junction. This selective backscattering is also controlled by DR. Fig. 1(d) demonstrates the sequential complete backscattering of the R = -1, -2, and possibly -3 edge states in a -8/-4 configuration as the barrier height increases.          
[image: image2.emf]
Conclusions

We demonstrate the realization of potential-controlled tunneling of integer quantum Hall edges in bilayer graphene. The results pave the path to the studies of more exotic edge states.  
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Fig.1 (a) Schematics of the device. (b) RT (R12 for R ≤ L and R34 for R ≥ L) vs VRT. Here L=-4 is fixed andR varies from -12 to -2. Complete mixing of counter propagating edges in the junction results in RT=0, which occurs for R =-12, -8, -4 and -2. (c) RT vs Vbg in a -4/-2 configuration. DL=-0.2 V/nm and DR = -0.35, -0.3, -0.2, -0.05 V/nm (black to red). A plateau at h/2e2 indicates one of the two edge states on the right side is completely backscattered while the other fully mixes with edge states on the left. This only occurs for DR <-0.1V/nm. (d) A -8/-4 configuration. As the tunnel barrier height increases with Vbg, the three plateaus marked in the plot correspond to the complete backscattering of 1, 2, and 3 edge states on the right. B=18 T and T=0.3K in all figures.   









