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Spin Control Based on the
Rashba Spin-orbit Interaction

e Rashba spin-orbit interaction
- Competition between Zeeman and Rashba
e Spin interference experiments
e Stern-Gerlach Spin Filter
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Enhancement of spin-orbit interaction

SOl in vacuum
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Rashba SOI in semiconductors
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Rashba spin-orbit interaction in 2DEG

Structural inversion asymmetry (SI1A)
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Spin degeneracy is lifted by gate voltage
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Potential Profile in InGaAs Quantum Well
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Spin states in Time Reversal Symmetry Paths

SOl does not break TRS
TRS=p—>-p, co>-0, ESE Hy =—pgo-(pxE)

: : Spin sphere
Top view of spin sphere in TRS paths

Real space trajectory
In TRS paths

Final spin directions are exactly opposite



Destructive interference due to SOI

Final spin states — Exactly opposite
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Length scales in guantum interference

TRS interference loops » Related MR
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Gate Controlled Spin-orbit Interaction(SOl)

Mg thin film with Au Gate fitted InGaAs 2DEG Hall Bar
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G.Bergmann,
Phys. Rev. Lett. 48, 1046 (1982)

Spin-orbit scattering is introduced
by Au (Elliott spin relaxation)

Gate Electrode

Gate voltage can control the Rashba SOI.



Spin dynamics In diffusive systems
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Competition between Zeeman and Rashba
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Weak anti-localization
and data analysis

02 f Good agreement with ILP theory
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Increase In spin relaxation time: t4(B,)
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Decrease In dephasing time: Ty (B,1)
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Universal Spin-Induced Time
Reversal Symmetry Breaking

Spin induced dephasing rate:1/T¢(B)
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No available theory



Spin-induced Time Reversal Symmetry Breaking

Time-Reversal Symmetric Interference k
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Neutron Spin-interference Exp.

4n-spin precession = 2rn-phase shift
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Operational Principle of Spin Interferometer

Non-spin polarized beam
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Spin interferometer by the Rashba SOI
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Spin precession by the Rashba SOl

Spin splitting as if a spin feels an effective magnetic field
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Aharonov-Bohm Oscillations
Sample specific feature

Detalil of the trajectory and k. affect the interference
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AAS effect; Time-reversal symmetry interference

AAS oscillation does not depend on wave-vector k.
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Ensemble averaging of AB oscillations
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Vg dependence of AAS oscillations

Array of 7700 loops
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Gate controlled SOI and spin precession

Gate voltage dependence of SOI
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Summary

1.The origin of Rashba SOI and gate control
2.Competition between Zeeman and Rashba
3.5Spin interference device

_ CompetitionR&Z Spin interference Exp.

————

AN NN Y —————|

" 13 WP A A A ——

— ~ N e

'! iy e~ N ]

. T

o A ———

3 Egy (MeV: AN N\ A—

e e~~~ NN ~——

I e N N R

™ ﬂ_ﬂg e~ T T~

kA o 016 —

> < 031 AR

r 4 039 ) A A AV A A AN
+ 047
_( v 1.04

0 1 , 2 -4 2 0 2
(EZ; ES{]] B (mT)

F. Meijer, A. Morpurgo, T. Klapwijk (TUD)
T. Koga, Y. Sekine, T. Bergsten (NTT)
J. Ohe, T. Ohtsuki (Sophia Univ.)



