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Magnetotransport of Small Angle Twisted Bilayer Graphene
Chung, T.F.; Xu, Y. (Purdue Univ., Physics) and Chen, Y.P. (Purdue Univ., Physics & ECE)
Introduction

The electronic band structure of small angle twisted bilayer graphene (TBLG) becomes complex due to the interplay of interlayer hybridization and moiré superlattice, yielding van Hove singularity (VHS), Lifshitz transition and superlattice induced minigap (SMG) [1,2]. These electronic features do not only depend on twist angle and can be further modulated by other knobs such as charge carrier density n, transverse electric field (D-field), and magnetic field. The goal was to explore the effects of fields to these electronic signatures in two-dimensional limit.
Experimental


TBLG devices encapsulated in hBN were fabricated and preliminary transport measurements were conducted in-house. High field transport measurements on high quality samples were performed at the NHMFL, in SCM2 with base temperature down to 300 mK and magnetic fields up to 18 T. 
Results and Discussion


A measurement of longitudinal resistance Rxx is shown in Fig. 1 (color scale) versus the VBG and VTG, taken at B= 6 T and T = 1.6 K. The central and side white strips represent the CNP and SMGs (also see Fig. 2, the bottom curve at B = 0). Evidently, two markedly different Landau level (LL)-like structures originating from the central CNP and the side SMGs, which are separated by the VHS (white dashed lines). The LL crossings observed near the central CNP stem from two sets of LLs of the graphene bilayers when D lifts the layer degeneracy, similar to that observed in large angle TBLG with ( Berry phase [3]. On the other hand, we observe only one set of LLs (with zero Berry phase) that manifest as lines aligned with those corresponding to VHS, from both the electron side and hole side SMGs. We measured the sample in high magnetic fields and confirmed the filling factor ( sequences for the two transport regimes (Fig. 2). Fig. 3 shows the temperature dependence of the SdH oscillation (Rxx at (=(6+6), which allows extracting Fermi velocity ( 0.58(106 ms-1 (much smaller than typical graphene).  
Conclusions

Magnetotransport measurements suggest that massless Dirac Fermions (( Berry phase) and massive Fermions (zero Berry phase) coexist in small angle TBLG in which VHS separate the two quasi-particle transport regimes. TBLG parameters such as reduced Fermi velocity, interlayer coupling strength and VHS energy were measured from the transport study, which enables us to compare with prior STM and theoretical studies.
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Fig.1 Longitudinal resistance Rxx as a function of VTG and VBG, measured at B = 6 T and T= 1.6 K. Fig. 2 Rxx (LL fan diagram) as function of carrier density n along the blue dotted line in (a) at various B-fields and T = 400 mK. Fig. 3 Temperature dependence of the SdH oscillation (Rxx (with background subtracted) at n = 1.4 ( 1012 cm-2. The inset shows the temperature dependence of the normalized amplitude of (Rxx for the oscillation at 5 T (6+6 QH state).









