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Parallel magnetic field induced insulator-semimetal transition in thin BiSbTeSe2
Xu, Y. and Miotkowski, I. (Purdue Univ., Physics and Astronomy); Chen, Y.P. (Purdue Univ., Physics and Astronomy & ECE)
Introduction 

Topological insulator (TI) is a new class of quantum matter that has attracted great interest 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. Here, we aim to understand the new topological matter and the effect of surface hybridization, and hope to generate novel concepts for designing new spintronics or topological electronics.
Experimental 

Our magnet times were scheduled in Cell 9, which allowed us to conduct transport measurements on 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 with hybridization gap opening at Dirac points. Upon applying an in-plane magnetic field, we observed very large negative magnetoresistance (Fig. 1), which corresponds to an insulator-semimetal transition in ultra-thin 3D TI films. 
Conclusions

Our result agrees with a predicted in-plane magnetic field induced restoration of Dirac points, split in the momentum space and giving rise to a distinct two-dimensional (2D) topological semimetal phase3. 
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Fig.1 (a) The measurements of (max (at charge neutrality point) in BSTS Device N5 (10 nm thick) as a function of the in-plane magnetic field B in different temperatures. The (max in log scale shows a linear dependence on B above a few T, with the corresponding plots of Ln[(2e2/h)(max] versus B in the positive field range shown in (b). All the linear fits (dashed lines) converge to a critical field Bc=36.2 T, with Bc values for different curves extracted from the intercept on the B-axis plotted in the inset.








