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Two dimensional electron gas (2DEG) at LaAlO3/SrTiO3

A. Ohtomo and H. Y. Hwang Nature(2004)
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Perovskite structure, 
no magnetic, band insulator 
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Conducting, magnetic, 
superconducting, correlated, 
spin-orbit coupling....



Properties of 2DEG: Rashba spin splitting

2D electron gas
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(i)Space inversion symmetry

(ii)Spin orbit coupling

ΔR~meV 

2αk at LaAlO3/SrTiO3 interface (Caviglia et.al.; Ben Shalom et.al.)

2αk3  at SrTiO3 surface  (Nakamura et.al.) 



Band structure of bulk SrTiO3

three degenerate t2g orbitals 

heavy carrier yz (6.8me), two 

light carriers xy and xz (0.41me)
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Spin-orbit coupling (SOC) effects on bulk STO 
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hopping t + atomic SOC



Orbital splitting at LAO/STO interfaces and STO surfaces 
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Model for Rashba spin splitting

Free:

atomic SOC:

interface asymmetry:

yz xy yz
γ-γ

0.02eV, interface layer
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s-p electrons of Au surfaces  Lashell et al.(1996); Peterson et al.(2000)



spin up
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Γ, xy orbital: ΔR=2αRk

Γ, yz/xz mixed orbitals: 2α3k3 
 xy-yz crossing point 

 

Spin splitting



spin splitting
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αR= 0.76×10-2eVÅ    ∆
I
=0.4eV

        6.0×10-2eVÅ     ∆
I
=0.0eV

        1-5×10-2eVÅ (exp)  

ΔR=2αRk

ΔR=2α3k3 

Anisotropic spin splitting->AMR (exp)? 

α3= 4eVÅ3 
       1-2eVÅ3 (exp)  



Comparison: semiconductor and oxide heterostructures

GaAs/Al
x
Ga

1-x
As LAO/STO

10nm 1nm

single orbital Rashba 
nearly free electron

multi-orbital 

fitting parameter or kp method 

Book “Spin–Orbit Coupling Effects in Two-Dimensional Electron and Hole Systems” 
by Winkler (2003)
J. Mannhart and D. G. Schlom, Science (2010).

first principle tight-binding 

magnetic, superconducting, 
correlated, and spin-orbit coupling

2DEG



Conclusion: orbital and spin splittings 
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Zhicheng Zhong, Anna Toth, and Karsten Held   PRB 87 161102(R) (2013)



Spin splitting at LAO/STO interfaces and STO surfaces 

E
ne

rg
y(

eV
)

single n

2.16

2.0

1.8

Γ-X/2 X/2

1.6

1.90

2.14

2.12

1.88

1.92

 n-p
0.4X 0.5X

0.35X0.25X
single n

Asymmetric structure

without SOC

spin up
spin down

xy

yz

Spin splitting ~10meV at xy-yz crossing region?
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