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Topological insulators (TIs) are promising materials for numerous applications in spintronics. They are narrow-gap semiconductors in the bulk, but possess conductive Dirac surface states. Strong spin–orbit coupling (SOC) in bismuth chalcogenide-based TIs leads to the so-called spin-momentum locking at these surface states. This makes TIs natural candidates platform to observe the inverse spin Hall effect (ISHE) [1,2]. ISHE is essentially a conversion of spin current into charge current in systems with strong SOC [3]. In TIs the conversion is expected to occur at the topological surface states, potentially leading to higher efficiency [2]. Investigating ISHE in such systems is not only of fundamental interest but also could be useful for engineering spintronic devices based on spin currents in topologically protected states. 

Traditionally, ISHE is studied in ferromagnet/heavy metal bilayer systems [4,5]. In the current study, we have fabricated such heterostructures using permalloy as the ferromagnet layer and Bi₁.₀₈Sn₀.₀₂Sb₀.₉Te₂S (BSSTS) as the conductive substrate with strong SOC. Permalloy is a classic ferromagnetic material that was found to have good adhesion to the BSSTS surface and have been previously used in ISHE studies [6]. The advantage of using a complex compound like Bi₁.₀₈Sn₀.₀₂Sb₀.₉Te₂S is its low bulk carrier concentration, which ensures that at low temperatures surface states dominate the conductivity in the TI [7]. Single crystals of BSSTS were mechanically cleaved to obtain macroscopic flakes, onto which Py was deposited using a magnetron sputtering technique. The prepared heterostructure was placed on a specially designed circuit to detect emerging voltage and avoid additional magnetogalvanic effects.

Simultaneous measurements of ferromagnetic resonance (FMR) in the Py layer and voltage in the BSSTS layer were carried out using an electron paramagnetic resonance spectrometer. FMR conditions are necessary to induce spin pumping from the ferromagnetic layer with strong SOC. In the presence of in-plane magnetic field spin current is expected to be converted into a charge current, which is detected via a lock-in amplifier at the spectrometer's modulation frequency.
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