Transition from normal to inverted band structure type in HgTe/CdTe nanowires
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In recent years, HgTe-based structures have raised significant attention due to their feature to exhibit the quantum spin Hall (QSH) effect [1], a topologically nontrivial phase characterized by the presence of helical edge or surface states protected by time-reversal symmetry. Although initial studies of the QSH effect have been focused on graphene [2], it was later discovered that this phase is more likely to manifest in materials composed of heavy elements. Here, the strong spin-orbit coupling arising from relativistic effects plays a critical role. Shortly after theoretical prediction, the QSH effect was experimentally confirmed in thin HgTe/CdTe quantum wells [3]. Beyond two-dimensional systems, theoretical investigations have shown that topological phases can also emerge in low-dimensional structures such as quantum wires [4], where quantum confinement leads to significant modifications of the electronic band structure.

In this work, we investigate the electronic properties of HgTe/CdxHg1-xTe nanowires considering both cylindrical and square cross-sectional geometries. The band structure is calculated using the Kane k · p theory within the framework of the eight-band model, which subtly captures the coupling between the Γ6, Γ7, and Γ8 bands [5]. Material parameters, such as band edges and effective masses, are assumed to change abruptly at interfaces, while the band offsets are interpolated linearly with the mole fraction.
Our results indicate that band inversion can occur in the structures studied, revealing the presence of a topologically nontrivial phase. The transition point for band inversion strongly depends on the nanowire’s cross-sectional geometry, dimensions, and the compositional profile of the surrounding barriers. Considering the possibility of switching topological phases by an external electrical field, these findings highlight the potential of nanowire heterostructures as a versatile platform for next-generation electronic and spintronic devices.
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