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Quantum Hall effects
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2dTI in HgTe/CdTe quantum well

Ek =  E-k

2-fold degeneracy at k=0 is protected by symmetry

Time-reversal symmetry

k0 0k0

Normal Topological



Moore-Balents, Roy, Fu-Kane-Mele, …

Bi‐Sb, Bi2Se3, Bi2Te3, …

2d                                                                                           3d

Topological insulator

E

kx

ky

HgTe QW

k

E

From 2d to 3d



3d Topological insulator Bi2Se3

Bi : 6s26p3
Se : 4s24p2

5 x 3 (px,py,pz) x 2 (spin)  = 30 p‐states

Zhang et al. ’09
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3d Topological insulator Bi2Se3
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Quantum Anomalous Hall Effect
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Summary
A topological insulator is a material with a finite 
bulk gap and gapless excitations at the surface.
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ொ
ଷ

ଶ

It realizes novel magnetoelectric responese.


