
Origin of the spin-orbit interaction 

In a frame associated with the electron:  

Zeeman energy in the SO field: 
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1/c expansion of the Dirac equation 
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Fine structure of atomic levels 
Hydrogen 

2s1/2 

2s 
Runge-Lentz 
(non-relativistic Coulomb) 
+spin degeneracy 
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(relativistic Coulomb) 
degeneracy 
lifted by radiation corrections 
(Lamb shift) 





Two types of SOI in solids 

1) Symmetry-independent: 
exists in all types of crystals 
stem from SOI in atomic orbitals 

 
2) Symmetry-dependent: 

exists only in crystals without inversion symmetry 
a) Dresselhaus interaction (bulk): Bulk-Induced-Assymetry (BIA) 
b) Bychkov-Rashba (surface): Surface-Induced-Asymmetry (SIA) 



Example of symmetry-independent SOI: 
SO-split-off valence bands 

Winkler, Ch. 3 
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E: j = 1 / 2; jz  = ±1 / 2 



Non-centrosymmetric crystals 



S. Sque (Exter) 

Diamond (C): Si, Ge 

d 

point group: Td   (methane CH4 ) 

Zincblende (ZnS): GaAs, GaP, InAs, InSb, ZnSe, CdTe … 

3a 
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space group: O7   (non-symmorphic) h 

factor group Oh  = Td  × I 

space group: T 2   (symmorphic) 



Additional band splitting in non-centrosymmetric crystals 

Kramers theorem: if time-reversal symmetry is not broken, 
all eigenstates are at least doubly degenerate 

if ψ  is a solution, ψ *   is also solution 

Kramers doublets εs (k),  s = ±1 (not necessary spin projection!) 

Time reversal symmetry: k→-k, t → -t ε s (k) = ε− s (−k) 

ε (k) = ε (−k) regardless of the inversion symmetry 

With SOI: i) If a crystal is centrosymmetric 
ε s (k) = ε− s (−k) 

t →− t k→− k 

ii) If a crystal is non-centrosymmetric, 

= ε− s (k) ⇒ ε s (k) = ε− s (k) 

ε s (k) ≠ ε− s (k) 

No SOI: 

B=0 “spin” splitting 
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