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Topological insulators (TIs) are quantum materials characterized by an insulating bulk and conducting surface states. Among the most studied TIs are bismuth chalcogenides. However, these materials typically possess a high density of bulk charge carriers, which complicates the study of surface transport properties. Bulk carrier suppression can be achieved through atomic substitution and chemical doping. One of such engineered compounds is Bi₁.₀₆Sn₀.₀₄Sb₀.₉Te₂S (BSSTS) [1]. In this system, the dominant contribution to DC transport depends on temperature: bulk conduction dominates above 100 K, while surface conduction becomes decisive below 100 K. 

In this study, we employed both DC and AC measurements to investigate the transport properties of BSSTS crystals. Non-resonant microwave absorption at 9.4 GHz was used as the AC technique, it was performed using the Bruker BER 418S X-band EPR spectrometer. We measured the temperature dependence of the non-resonant microwave absorption amplitude, 𝐴MWA(𝑇), for two orientations of the BSSTS flakes relative to the magnet component of microwave field. Depending on the sample orientation, the induced current flows either parallel or perpendicular to the flake surface. We have observed significant differences in transport behavior between these configurations. 

In the standard configuration with current flowing in the ab-plane, we observed the expected competition between semiconducting bulk behavior and metallic surface conduction. In contrast, when the current flowed perpendicular to the ab-plane, the temperature dependence became more complex. In particular, in the temperature range where bulk conduction dominates, a local maximum appeared in the AMWA(T) curve. This may indicate a transition in the prevailing scattering mechanism – from impurity scattering to phonon scattering. While in-plane transport (when current flows in the ab-plane) is governed only by phonon scattering at temperatures above 100 K. 

Complementary DC measurements of resistance R(T) revealed qualitatively similar results. However, a notable difference emerged: in the AC measurements, the temperature corresponding to the resistance maximum was shifted to higher values. The origin of this shifted becomes from influence of high frequency on transport properties for disordered materials [3]. 
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