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Electron Interferometry in a Graphene PN Junction
Wei, D.S.W. (Harvard University, John A. Paulson School of Engineering and Applied Sciences); van der Sar, T. (Harvard University, Department of Physics) and Yacoby, A. (Harvard University, Department of Physics)

Introduction 
Quantum Hall edges are powerful investigative tools into a diverse variety of experimental phenomena in two-dimensional electron systems, particularly as coherent beams capable of light-like interference phenomena.  Interferometry using electron beams can be employed to study a variety of mesoscopic physics. Graphene is an ideal platform in which to perform these experiments, since electrostatic gating can be used to easily create devices in which electron and hole edges co-propagate along a bipolar edge1.  Furthermore, the four-fold spin and valley polarization inherent in both integer and fractional graphene quantum Hall systems presents an even more complex and interesting playground in which to conduct interferometry experiments. We use co-propagating edges in a graphene PN junction to conduct electron interferometry experiments at high fields. 
Experimental 
[image: image2.png]In this study, our devices are of high enough quality that the Landau level degeneracy is fully lifted and we examine the interaction between two spin-polarized edge channels along an NP junctions. With a sharp gate potential, we find that we can induce scattering at the points before and after the bipolar junction where incoming and outgoing edge states encounter the physical graphene edge. Along the junction, edge states travel adiabatically without interchannel scattering, and are prevented from scattering to neighboring edges on the same side by their spin polarization and spatial separation. We exploit this to engineer a Mach-Zehnder interferometer in graphene with an Aharonov-Bohm (AB) flux area enclosed by two quantum Hall edge states. For a clear interferometry signal, it is crucial to only probe transport along a single NP junction without added signal from NP junctions at the contact or multiple interfaces in an NPN junction. Through a triple-gate device design we completely eliminate these effects and isolate transport to our single junction. Our PN junction engineered from monolayer graphene was first measured up to 18T in SCM1 in a dilution refrigerator, and then again up to 34.5T in cell 12 at the NHMFL in a sample-in-vapor He3 refrigerator.
Results and Discussion

At high fields (>15T) we see conductance indicating robust fractional quantum Hall (FQH) edges in our system. Additionally, as we tune our device into an NP junction, we also observe oscillations in conductance which we attribute to interferometry along the NP edge. These oscillations in conductance remain robust all the way up to 34.5T. 

Conclusions


Further experiments are necessary to verify interferometry between FQH edge states.
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Fig.1: (a) Conductance across NP junction in the quantum Hall regime from B = 0-34T. (b) Zoom-in of conductance from 29-34.5T.  









