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Topological insulators exhibit the non-trivial quantum states which can be characterized by the insulating bulk states and spin-polarized metallic surface states, such as surface states with Dirac cone, being expected for spintronics device applications. The highly insulating bulk state and the tunable Dirac cone are required for the future device applications. Nevertheless, many of topological insulators have been found to be metallic due to the existence of impurities and disorder. It has been reported that the ternary tetradymite topological insulator materials such as Bi2Te2Se [1], which forms the ordered Te-Bi-Se-Bi-Te quintuple layers, and Bi2-xSbxTe3-ySey solid solution [2,3] have highly bulk insulating states, because the defect  formation is suppressed in these materials. In additoin to such defect control, one can obtain spin-polarized Dirac carries with the Dirac point in the band gap. In this study, we control the Dirac surface states by engineering topological multilayer structures using first-principles calculations based on density functional theory. The computational results show that the Dirac point can be modulated in energy by differentiating work functions between the surface layers and the inner layers to realize the desired band strcuture as shown in Fig. 1.[image: ] 
Fig. 1: Band sturcture of topological insulator multilayers: bulk band in black and surface states in red and blue.
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