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Search for Interaction Effects in Dual-Gated Topological Insulators in the Quantum Hall Regime
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Introduction

3D topological insulators (TIs) have a variety of interesting properties arising from their Dirac surfaces due to strong spin-orbit coupling. High-quality bulk-insulating TIs such as BiSbTeSe2 (BSTS) are ideal systems to study electronic correlation physics in the quantum Hall regime. Recent reports showed well-developed integer quantum Hall effect (QHE) in BSTS at very high magnetic fields, indicative of their topological surface states. Tuning the charge density on top & bottom surfaces independently in samples with varying thickness is a promising approach to study the interactions between Dirac fermions within and between the two surfaces.
Experiment, Results and Discussion

Our high-quality dual-gated TI samples show the QHE at lower fields than previous groups [1] indicating the possibility of realizing exotic correlated states for the first time in TIs. We present some of the interesting data obtained from our first visit to NHMFL in May 2017. Figures 1(a) and (b) show the longitudinal (σxx) and Hall (σxy) conductivities of a dual-gated BSTS device as a function of the backgate voltage Vbg at 15 T and 28 T, respectively, measured with the top-gate voltage fixed at nt=-1. In addition to the normal integer quantum Hall effect, =±1, ±2 and so on, we observed two minima for σxx in the =0 state (indicated by the arrows), and plateau formation in σxy at fractions between 0 and -1 Landau levels of the bottom surface. The 28 T line profiles [Figure 1(b)] show further diminishing in σxx and flattening in σxy, which might indicate the possibility of fractional quantum Hall development. To verify this, we plot the fan diagram of σxy as a function of Vbg at different magnetic fields in the inset of Figure 1(b). The plateaus formed between =0 and +1 filling factors follow the slopes of 1/3 and 2/3 fractions (indicated by red arrows). However, our devices developed electrical contact problems at high magnetic field, which hindered the clear observation of the fractional QHE. 
In the ensuing time, we have solved the contact problem by using top contact instead of bottom contact to connect to the surfaces. With our improvement in device fabrication, we can also achieve good contact to ultra-thin BSTS (<10 nm) devices. Figures 1(c) and (e) show the 2D map of longitudinal resistance and Hall conductivity, respectively, for an ultra-thin BSTS device at 9 T. We observe a minimum in longitudinal resistance at the intersection of =+1 and -1 [(ii) in Figures (c) and (d)], indicative of interaction between surfaces, hosting the possibility of topological exciton condensates. These phenomena will be interesting to explore at the MagLab.
Conclusions

We have solved the contact problem and are following up on the proposed non-trivial phenomena in our next visit scheduled for April 2018.
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Fig.1 σxx and σxy of dual-gated BSTS as a function of backgate voltage Vbg at topgate voltage fixed to nt=-1 at (a) 15 T and (b) 28 T. (c) Rxx and (e) σxy as a function of Vbg and Vtg for a thin BSTS device. (d) line profile of Rxx versus Vtg for different values of Vbg.
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