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Are Topological Insulators Experimentally Verified?
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By comparing topologically trivial materials (Au, Bi, graphene) and topological insulators (Bii..Sby, Bi.Ses), we
discuss what the features unique to topological surface states are. The properties reported so far for topological insulators
are all explained by Rashba effect due to strong spin-orbit interaction and break down of space-inversion symmetry at
surfaces. Topological arguments are not needed. Spin-split surface states with spin-texture Fermi surfaces, however, are

very attractive play grounds for exploring spin-flow physics.
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Fig.2. (color online). The surface states of Si (111) -

/? X /? -Ag. (a) The band dispersion revealed by
the first-principles calculations'” and (b) by ARPES
measurements. (c) Its Fermi surface.'” (d) The
conductance image taken by STM, and (e) its
Fourier-transform pattern.'®’
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Fig.3. The surface states of Au (111). (a) The band
dispersion and (b) Fermi surface, revealed by
ARPES." (c) The conductance image taken by
STM, and (d) its Fourier-transform pattern.>”
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Dangling bonds

(a) Surface

- = Interface [N

(color online). (a) Cross-sectional transmission
electron micrograph (XTEM) of the Bi(001)/Si(111)
interface viewed from the [011] direction of the Si
substrate. (b) Magnified image near the Bi/Si
interface. (c) Schematics of the atomic structure of
Bi film."*
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Fig. 6. (a) Schematic drawing of the Fermi surface of Bi
(001) ultrathin films in the Brillouin zone, made up of
surface states with the spin orientation analyzed by
spin-resolved ARPES results. (b) Fermi surface of
pure Bi(001) surface mapped by non-spin-resolved
ARPES,”? and (c) that of a topological insulator

BiossSbo.s(001).*”

Do§ DOS
(@) (b)

Fig. 7. Quantum Hall regime. (a) Schematic drawing of the
energy diagram, showing Landau levels under strong
magnetic field. (b) Schematic drawing of cyclotron
motion of electrons inside a two-dimensional

electron gas system, and skipping orbits at the edges.

] - SR 221

Fig.5. (a) The spin-split band dis-
persion of the 7-bilayer Bi
(001) films obtained from
Spin-Resolved ARPES, over-
laid on the dispersion ob-
tained by non-spin-resolved
ARPES. (b) The spin-
polarized band structure of
the ab initio calculations for
free-standing 7-bilayer Bi
slabs.”” Thin solid lines are
bulk states, while circles with
arrows are surface states.
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both sides, and the current-induced spin polarization
effect, which produces spin-polarized current.
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