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• Rashba spin-orbit interaction
• Competition between Zeeman and Rashba
• Spin interference experiments
• Stern-Gerlach Spin Filter
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Rashba spin-orbit interaction in 2DEG
Structural inversion asymmetry (SIA)

ky

kx

Spin configuration at EFEz >0

Ez=0

2DEG

2DEG

Vg1

Vg2

ky

kx

↓↑ −=Δ FF kkk
Spin degeneracy is lifted by gate voltage

0=− ↓↑ FF kk



i-InAlAs 200nm

n-InAlAs 6nm

i-InAlAs 6nm

i-InGaAs 5nm

i-InP 5nm
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Real space trajectory 
in  TRS paths

Spin sphere
in TRS pathsTop view of spin sphere

Final spin directions are exactly opposite

Spin states in Time Reversal Symmetry Paths 
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TRS interference loops

Length scales in quantum interference
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Gate voltage can control the Rashba SOI.

Gate Controlled Spin-orbit Interaction(SOI)

- 0.20

- 0.15

- 0.10

- 0.05

0.00

0.05

0.10

Δ
R(

Ω
)

420- 2- 4
B(mT)

Vg=- 5 V

Vg=- 3 V

Vg=- 2 V

Vg=- 1 V

Gate fitted InGaAs 2DEG Hall Bar

Hall Bar

Gate Electrode

G.Bergmann, 
Phys. Rev. Lett. 48, 1046 (1982)

Spin-orbit scattering is introduced 
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Fixed 
precession axis

Randomized 
precession axis

Spin relaxation  (τs
)

Zeeman

Rashba SOI
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alignment  ↔ randomization

Competition Zeeman and Rashba:

EZ ↔ ESOI ≡ ħ/τs

Rashba + scattering:
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Spin dynamics in diffusive systems
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B|| (Zeeman 
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alignment  ↔ randomization
Competition Zeeman and Rashba:

EZ  ↔ ESOI ≡ ħ/τs
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Competition between Zeeman and Rashba



Weak anti-localization 
and data analysis

WAL data Analysis → τs(B//),τφ(B//)

• B||    (i.e. EZ/ESOI)

• ne  (i.e. τ) 

• all samples

Good agreement with ILP theory
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Increase in spin relaxation time:  τs(B||)

B||

Spin alignment ⇒ τs ↑
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Decrease in dephasing time:  τφ (B||)

Theory (EZ/ESOI << 1) :
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Universal Spin-Induced Time 
Reversal Symmetry Breaking

•Universal behavior
•Saturation  (EZ/ESOI >> 1)

⇒ No available theory

)0(
1

)(
1

)(
1

|||| φφφ ττ
−=

BBT

Upper limit ~ τs

Spin induced dephasing rate:1/Tφ(B)

Total dephasing rate

Inelastic scattering rate



Time-Reversal Symmetric Interference
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H. Rauch et al Phys. Lett. 54A (1975)

4π-spin precession = 2π-phase shift

Neutron Spin-interference Exp.

B

Si crystal

Spin precession: Local magnetic field

Interference

Local magnetic field
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Operational Principle of Spin Interferometer
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Spin interferometer by the Rashba SOI

Vg= 0 V Vg= 1 V

Ring conductance depends 
on the precession angle

Gate electrode
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Spin interference device
Appl. Phys. Lett. 75, 695 (1999)
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h/e period oscillations

Gate voltage changes kF , and its interference pattern ! 

Detail of the trajectory and kF affect the interference 
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AAS effect; Time-reversal symmetry interference 

h/2e period oscillations
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Trajectory: Same length
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Ensemble averaging of AB oscillations

N= 3



Array of 7700 loops

Vg dependence of AAS oscillations

Array of loops is covered with gate to control SOI
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Weak anti-localization

Spin interference

Gate controlled SOI and spin precession 

Gate voltage dependence of SOI
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Experimental demonstration 
of Aharanov-Casher Effect Cond-mat/0504743
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Summary
1.The origin of Rashba SOI and gate control
2.Competition between Zeeman and Rashba
3.Spin interference device
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