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Quantum Hall effect in interface-engineered topological insulator thin films with record low sheet carrier density and high mobility
Salehi, M. (Rutgers U., Materials science & engineering), Moon, J., Shibayev P., Oh, S. (Rutgers U., Physics, & Astronomy) 

Introduction 

Recently by utilizing compatible insulating buffer layer and proper interface engineering, we were able to achieve extremely low carrier density MBE-grown selenide- and telluride-based topological insulators thin films with substantially suppressed bulk and interfacial defects which allowed us to observe topological surface state (TSS)-originated quantum Hall effect(QHE) in these thin films.
Results and Discussion


Figure 1 shows Ca-doping-dependent QHE in the Bi2Se3 films[2].. By increasing the Ca concentration, we tune the carrier density from n-type to p-type. The Hall resistance is quantized at Rxy = h/e2 = 25.8 kΩ) with vanishing sheet resistance on the n-side (up to 0.08% of Ca), indicating the emergence of a well-defined chiral edge channel. As Ca doping is increased toward the charge neutral point, the Hall resistance gradually deviates from the quantized value while the sheet magnetoresistance changes drastically even with minute change in doping. As the doping changes from 0.08 to 0.09%, the Hall resistance at high magnetic field deviates just slightly from the quantized value, but the sheet magnetoresistance soars from close-to-zero to a large insulating value even if the resistance remains nearly the same at zero magnetic field. This phenomenon suggests the formation of a gap in the zeroth LL at high magnetic fields, leading to vanishing edge channel and insulating sheet resistance. 

In another attempt, obtaining Sb2Te3 films with extremely low sheet carrier density of 1.5×1011/cm2 enabled us to observe TSS-originated QHE at much lower field of ~5T for a large area sample and without application of gate-voltage. In our latest visit of 45T hybrid magnet, we measured several of these extremely low-carrier-density Sb2Te3 samples and the best QHE results for both p-type and n-type samples (which can be achieved by fine-tuning the doping concentration) are summarized in Fig.2[3]. We can divide the plot for the in Fig.2 into one major part corresponding to quantum Hall state with insulating bulk (Rxx close to 0 and Rxy = h/e2) and another part where edge state disappears and the transport exhibits the insulating bulk state (Rxx( large value) which is more drastic for the 8QL-thick sample which shows QHE at lower field. 
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Fig. 2. Quantum Hall effect, top panel longitudinal resistance and bottom panel Hall resistance as a function of magnetic field, at 300mK and under 45T magnetic field for non-gated hand-scratched hall bar of topological insulator films a) P-type 6QL-thick doped Sb2Te3, b) n-type 8QL-thick doped Sb2Te3, and c) another n-type 8QL sample with slightly lower carrier density that was measured in 35T (and showed QHE) and was measured again in 45T after 9 months. The robustness of QHE confirms the stability of these samples against aging. 





Fig.1 Magnetic field dependence of Hall (Rxy) and sheet (Rxx) resistance of 8 QL Bi2Se3 films capped by MoO3 and Se with different Ca doping levels, around the charge neutral point, (at 300 mK). 








