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Recently there has been growing interest in topological insulators or the quantum spin Hall (QSH) phase, which are insulating materials with bulk band gaps due to strong spin-orbit coupling, but have metallic edge states that are formed topologically and robust against any non-magnetic impurity. In a three-dimensional material, the two-dimensional surface states correspond to the edge states (topological metal) and their intriguing nature in terms of electronic and spin structures have been experimentally observed in bulk Bi1-xSbx single crystals and Bi2Se3, Bi2Te3. The Fermi surface of the surface states has a spin-chiral structure and spin-split bands crossing the Fermi level. Due to these features with time-reversal symmetry, backscattering of carriers is totally suppressed, which has been actually observed by scanning tunneling microscopy. 
However, before the topological insulator came out, we did a lot of studies on the surface states of pure Bismuth thin films, using spin- and angle-resolved photoemission spectroscopy and surface-sensitive transport measurements [1-3]. It has turned out that the surface states show almost the same feature as that of Bi1-xSbx single crystals due to Rashba effect by strong spin-orbit coupling and broken inversion symmetry. Spin flow at the surface states, which is the unique feature of topological insulators, is not yet confirmed. In my talk, I will discuss the topological insulators based on our studies on pure Bi [1-3] and Bi1-xSbx [4], Bi2Te3 alloy epitaxial thin films.
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