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Gap Opening in the Zeroth Landau Level of Ultra-Thin BiSbTeSe2
Xu, Y.; Miotkowski, I. (Purdue Univ., Physics and Astronomy) and Chen, Y.P. (Purdue Univ., Physics and Astronomy & ECE)
Introduction

The topological insulator (TI) is a new class of quantum matter that has attracted great interests in condensed matter physics. They are band insulators in the bulk while maintaining nontrivial metallic states on the surface due to the band topology and strong spin-orbit coupling. However, a hybridization gap at Dirac point would open in an ultrathin film of 3D TIs due to the quantum tunneling between the two surfaces. We aim to understand the new topological matter and the effect of surface hybridization, and hope to generate novel concepts for designing new spintronic or magnetoelectric devices.
Experimental 

Our magnet times were scheduled in the hybrid magnet, which allowed us to conduct transport measurements on some ultra-thin (<~10 nm thick) dual-gated BiSbTeSe2 (BSTS, intrinsic 3D TI material) devices with coupled top and bottom surfaces. We explored gap opening and closing effect at the double Dirac point (both two surfaces tuned to charge neutrality point) by applying perpendicular and parallel magnetic field, respectively.
Results and Discussion


In previous magnet times, we have observed quantum Hall effect (QHE) arising from topological surface states in relatively thick BSTS devices1,2 when the inter-surface coupling is negligible. We now fabricate ultrathin double-gated BSTS devices to have hybridized top and bottom surfaces. At low temperature and high perpendicular magnetic field (e.g. T=0.3 K and B=30 T), well-defined QHE can be observed with tuning the gate voltage (Fig. 1a). Interestingly, a filling factor =0 state is developing besides the odd integer fillings (-1, 1, 3, 5…) with larger B field at double DP (Fig. 1b), indicating a degeneracy lifting of the zeroth Landau level and contradicting the behavior observed in thicker devices2. 
Conclusions

The hybridized gap of the devices can be enhanced with perpendicular magnetic field (Fig. 1b), suggesting a larger gap opening at the zeroth Landau level in ultrathin 3D TI BiSbTeSe2.
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Fig.1  (a) Longitudinal and Hall conductivity ((xx and (xy) as a function of top gate voltage at zero displacement field between two surfaces (T=0.3 K and B=30 T). The bottom gate here was controlled to sweep simultaneously with top gate to make sure the two surfaces are degenerate. (b) Same measurements at different field (only show (xx). Dashed lines trace the gap opening at double Dirac point.









