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Probing the Pressure-Induced Topological Transition in Pb1-xSnxSe
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Introduction

One of the most exciting developments in condensed matter is the increasing appreciation of the importance of topology in classifying phases of matter.  One approach to illuminating the role of topology in determining the properties of a material is to drive the material from a topologically trivial phase, to a topologically non-trivial phase.  The goal of this particular work is to probe, via Shubnikov de Haas (SdH) oscillations, the pressure-driven topological quantum phase transition (TQPT) between the trivial insulator and TCI phases in Pb1-xSnxSe.
Experimental


Single crystals of Pb1-xSnxSe were grown via vapor transport using previously purified raw elements.  The crystals were cleaved into thin plates and four wires were attached in a van der Pauw geometry.  Several crystals from different batches of material were screened in order to identify high quality samples that exhibited quantum oscillations below five tesla.  High pressures were applied using Guertin-type piston cylinder cells with the pressure measured at low temperature using the ruby fluorescence technique.  Experiments were carried out down to about 1.5 K and fields up to 35 tesla (cell 12), 18 tesla (SCM 2), or 16 tesla (Quantum Design PPMS).
Results and Discussion


Our studies focused on pure PbSe and Pb0.9Sn0.1Se.  Our data on pure PbSe is shown in Figure 1.  The sample exhibits very large and clear quantum oscillations and reaches the quantum limit above 25 tesla.  The oscillations are nearly pressure independent, which suggests that the topological transition does not occur until pressures above 2 GPa.  Figure 2 presents data taken on Pb0.9Sn0.1Se.  At low pressures, a very clear spin splitting of the Landau levels is observed.  As pressure increases, the splitting of the Landau levels decreases, until it becomes nearly undetectable at the highest pressures.
Conclusions

We have observed the distinct reduction in spin splitting with pressure in several samples of Pb0.9Sn0.1Se.  This appears to be connected with the pressure-induced band-inversion, and we are developing a model for this behavior.  
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Figure 1: Magnetoresistance of pure PbSe at several pressures.  The oscillations remain almost unchanged up to ~2 GPa, suggesting the topological transition occurs at higher pressures.
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Figure 2: Magnetoresistance of Pb0.9Sn0.1Se at several pressures. The disappearance of the spin splitting appears to be connected with the topological transition.



