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Topological insulators have been intensively studied over the past decades. Among them, zirconium pentatelluride (ZrTe₅) stands out as one of the most intriguing systems, exhibiting a range of remarkable phenomena such as the nonlinear anomalous Hall effect, three-dimensional (3D) quantum Hall effect, superconductivity, and topological phase transition tuned by strain [1-5]. Structurally, ZrTe₅ consists of bonded atomic layers held together by van der Waals forces. The 3D ZrTe₅ has been subject of study over half century [1], but two-dimensional (2D) arrangements are still challenging due to the hard synthesis process and complicate theoretical calculations [4]. 

In this work, we employ density functional theory (DFT) to study 2D bilayer configuration of ZrTe₅, due to its structural similarity to the 3D crystal and easier experimental exfoliability compared to the monolayer case. Results from the topological invariant Z2 proves that it is indeed a topological material. Quantized spin Hall conductivities indicate some negligible bulk states contribution to the quantized plateau, yielding effective bandgap up to 100 meV. Lastly, we show that eigenvalue related quantities can be directly used to identify topological phases, which facilitate both theoretical and experimental investigations of the material [5].
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