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Effect of Gating on the Quantum Hall Effect in Interface-Engineered Bi2Se3 Thin Films with Record Low Sheet Carrier Density and High Mobility
Salehi, M. (Rutgers U., Materials Science & Engineering); Koirala, N.; Moon, J. and Oh, S. (Rutgers U., Physics & Astronomy) 
Introduction 

Recently, by utilizing structurally and chemically matched buffer layer, we were able to achieve bulk-insulating topological insulator Bi2Se3 with highest reported mobility for topological surface states (TSS). On this platform, we were able to observe the TSS-originated quantum Hall effect (QHE) in these thin films. However, further measurements with gated samples are essential to understand each surface state contribution. Therefore, growing bulk-insulating, low-carrier-density and high mobility Bi2Se3 on(Bi1-xInx)2Se3 buffer layer on  SrTiO3 (STO) substrate with high dielectric constant allows us to study the effect of back-gate voltage on the QHE.
Experimental

In our first-time visit (June 2015) of 35T resistive magnet (cell 12), we measured the following samples:

· Back-gated Bi2Se3 grown on insulating (Bi1-xInx)2Se3 buffer layer and on STO substrate with MoO3 and Se capping. The samples were hand-patterned hall bars. 

Results and Discussion

Figure 1 summarizes the result we obtained for 8 and 10 QL thick samples for different back- gate voltages. Both samples show surface QHE, which as shown in Fig. 1(a) and 1(b), is indicated by plateaus in Hall resistance at 25.8 kΩ. With decreasing back gate voltages, n-type carriers (which occur naturally in Bi2Se3 due to Se vacancies) are depleted and sample eventually becomes p-type as evidenced by sign change in the Hall slope for 8 QL thick sample in Fig. 1(a). For 10 QL sample, the Hall slope decreases and becomes strongly non-linear presumably due to contribution from both n- and p-type carriers. One possible explanation is that the gating effect is stronger at the bottom surface compared to top surface, especially for thicker samples, due to screening effect and therefore, while the bottom surface is already p-type, the top surface remains n-type leading to small and non-linear Hall resistance. The longitudinal resistance shows expected behavior with gate voltage. With decreasing gate voltage the longitudinal resistance initially increases as the carrier density (and therefore Fermi level) decreases. Once the Fermi level passes through the Dirac point and p-type carriers start populating the bands, the longitudinal resistance starts to decrease again. This behavior is again most evident in 8QL thick sample where the longitudinal resistance increases for – 45 V < Vback-gate < 0V and decreases again for Vback-gate = -55 V. Crucially, the Hall plateaus disappear for Vback-gate < -25 V, which is currently not fully understood. The manuscript of this project is currently being prepared and it will be submitted after some additional experiments in our next visit of 45T hybrid magnet in 2016.[1]
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In conclusion, with the use of STO substrate we were able to systematically study the effect of back-gating on the QHE in low-carrier-density and high mobility Bi2Se3 thin films grown on buffer layer.
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Fig.1 (a) Hall resistance and (b) Longitudinal resistance for 8QL MoO3-capped Bi2Se3 film as a function of magnetic field with different gate voltages. (c) Hall resistance and (d) Longitudinal resistance for 10QL MoO3-capped Bi2Se3 film as a function of magnetic field with different gate voltages.












