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Examination of Landau Level Levitation in Hybrid Graphene
Cadden-Zimansky, P. (Bard College, Physics; Columbia University, Physics); Liu, H. (Bard College, Physics; Columbia University Engineering); Naor, K. (Bard College, Physics); Stoddard, N. (Bard College, Physics) and Ge, X. (Bard College, Physics)
Introduction

While the hallmark of the integer quantum Hall effect is the quantized transverse conduction and corresponding longitudinal resistance minima, theoretical work shortly after its discovery examined the question of why such transport conduction is even observable when quantum Hall states themselves correspond to collectively localized electrons.  The analysis of this question led Khmel’nitzskii and Laughlin [1-2] to posit the existence of delocalized states with energies:
En=ℏωc (n+1/2)[1+(ωc τ)-2]




[1]

where ωc =eB/mec is the cyclotron frequency and τ is an elastic dephasing time dependent on the disorder present in the system.  In the high-field, low-disorder limit these states are thought to account for the observed quantized Landau level conductance, while in the low-field and/or high-disorder limit they ‘levitate’ upward out of the range of the Fermi energy.    Subsequent experiments on conventional 2DEGs in a variety of disorder and field ranges examined changes in the conductivity of partially filled Landau levels as ωcτ was varied and observed metal-insulator phase transitions ascribed to the levitation of these states [3-6].  Though an unequivocal transport signature of the onset of levitation has not been observed in graphene, recent experiments on hybrid graphene – single crystal combinations of monolayer and bilayer thickness – has revealed a resistance cross-over at the charge neutral point during the onset of Landau level formation that correlates with the expected levitation cross-over.  The experiments here examine whether such a signature is also observable in higher levels.
Experimental


Clean-interface hybrid graphene was fabricated through standard exfoliation techniques and measured on either SiO2 substrates or transferred to hexagonal boron nitride substrates to improve carrier mobility. Measurements on these samples, focusing on transport sourced and drained though the monolayer section of a mono-bilayer flake, were performed at NHMFL’s DC field facilities, where the 35 T resistive magnet was used to create integer QH states in hybrid graphene.
Results and Discussion


Previous measurements had revealed a resistance crossing at the charge neutral point as the field.  Experiments for this magnet time focused on Landau level formation in high filling factor states (ν > 20).  As shown in the fan diagram of Fig. 1, the onset of the levels is akin to that observed in homogenous graphene or conventional 2DEGs.  The lack of a similar anomaly to that observed at the ν = 0 point, confirms the uniqueness of this state in manifesting a distinct crossing correlating with the levitation crossover.  Future experiments are planned to more closely examine the in plane field dependence of this formation. 
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Fig.1 Landau Fan Diagram of high filling factor levels in hybrid graphene.









