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Surface States — Shockley & Tamm States —

Clean Surfaces decoupled from Adsorbed Surfaces

/ bulk states \(Surface Alloys)

Surface States

\ Dangling Bonds ~ Surface States Adsorbates
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-New Periodicity
-Broken (Space-Inv.) Symmetry




Surface (Electronic) States

1. Shockley states (extended)
Tamm states (localized)

Chemical bonding,
Surface Potential

2. Image states Conduction band
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Bending of bulk bands
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4. Topological surface states Quantum Hall Effect
Spin-orbit coupling < Edge states of Q(S)H phase
HgTe (QW), Bi, Sb,, Bi,Te;, Bi,Ses,

Various Types of Surface States

Mono-Layer Graphene Au(111) _
Metal on Si(111) (Monolayer Graphite) Bi(111) Bi alloys
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Mono-Layer Ag on Si : Si (111)-V3 X V3-Ag Surface

H. Aizawa, et al., Surf. Sci. 429 (1999) L509
T. Hirahara, et al., Surf. Sci. 563 (2004) 191
C. Liu, et al., Phys. Rev. Lett. 96, 036803 ( 2006)
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Free-Electron-Like State

Graphene on SiC crystal surface

MonolLayer Graphene
Dirac electron
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BiLayer Graphene
Schroedinger electron
(AB stacking)
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Superconductivity of Bilayer Graphene with Ca intercalation

S. Ichinokura, K. Sugawara, A. Takayama, T. Takahashi, and S. Hasegawa:

“Superconducting Calcium-Intercalated Bilayer Graphene” , ACS Nano 10, 2761-2765 (Jan, 2016) (Times Cited 170)
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Spin Split and Cooper Pairs in Free-Electron Band

Band Dispersion ky Fermi Surface
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Singlet Triplet

Crystal Structure of Bi,Se; (Bi,Te;) : Topological Insulator

H. Zhang, et al., Nature Physics (2009) S. Borisova, et al.,

s Cryst. Growth Des. 12, 6098 (2012)
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Dirac Cones of Topological Insulators
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T. Hirahara, et al., Nano Letters 17, 3493 (2017
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