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Magnetotransport Studies on Metallic Bi2Se2.1Te0.9 Topological Insulator
Shrestha, K.; Lorenz, B. (U. Houston, TCSUH); Chu, C.W. (U. Houston, TCSUH and LBNL); Marinova, V. (Bulgarian Acad. Sci.) and Graf, D. (NHMFL)
Introduction 

Transport study of topological surface states (SS) of bismuth-based topological insulators is challenging due to interference from the bulk conduction channel caused by crystal defects [1][2]. Here, we have investigated the topological SS in Bi2Se2.1Te0.9 topological insulator having bulk metallic properties. From the angular dependence of Shubnikov de Haas (SdH) oscillations and Berry phase calculations, we have proven the dominance of the topological SS in Bi2Se2.1Te0.9 single crystal.
Experimental 

Low field measurements up to 7 Tesla have been performed in Quantum Design PPMS at the Texas Center for Superconductivity. High field experiments were carried out at the National High Magnetic Field Laboratory (NHMFL), Tallahassee, with fields up to 35 Tesla in Cell 12.
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Results and Discussion
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Figure 1 demonstrates that two characteristic SdH frequencies exist in p-type Bi2Se2.1Te0.9 sample, as determined from the quantum oscillations of the conductivity at different range of magnetic fields. The first frequency F1 dominates at low magnetic field, whereas the bulk frequency F2 dominates at higher magnetic field. The relative weight of the oscillations with F1 and F2 strongly depends on the magnetic field range, which rules out the possibility of F2 being simply the second harmonic of F1. Also, angle dependent measurements (as shown in Fig. 2) and calculations of the Berry phase show that the two frequencies F1 and F2 describe oscillations from surface and bulk carriers, respectively. The origin of the separation of bulk and surface SdH oscillations into different magnetic field ranges is revealed in the difference of the cyclotron masses mc. The bulk mc is nearly three times larger than the surface cyclotron mass resulting in a stronger attenuation of the bulk oscillation amplitude upon decreasing magnetic field. This makes it possible to detect and characterize the surface SdH oscillations in the low-field range. 

Conclusions

In this work, we have demonstrated the existence of topological surface states in metallic topological compounds. This work opens a new window for the search and study of topological surface states even in metallic topological insulators.
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Fig. 1 Fourier transform of quantum oscillations in different field ranges. The cutoff field is indicated in the graphs. The SdH oscillations with frequencies F1 and F2 are dominant at low and high magnetic fields, respectively.





Fig. 2 Angle dependence of the SdH oscillation frequencies F1 (a) and F2 (b). Only F1 follows the 1/cos(θ) scaling for surface conduction (dashed line).









