
Magnetism

Basic concepts
magnetic moments, susceptibility, paramagnetism, ferromagnetism
exchange interaction, domains, magnetic anisotropy,

Examples:
detection of (nanoscale) magnetization structure
using Hall-magnetometry, Lorentz microscopy and MFM

Spin-Orbit interaction

Some basics
Rashba- and Dresselhaus contribution, SO-interaction and effective
magnetic field

Example: 
Ferromagnet-Semiconductor Hybrids: TAMR involving epitaxial 
Fe/GaAs interfaces

Magnetism and Spin-Orbit Interaction: 



Origin of spin-orbit (SO) interaction
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Bulk inversion asymmetry (BIA)
Lack of inversion symmetry in 
III-V semiconductors
"Dresselhaus contribution γ"

Structure inversion asymmetry (SIA)
due to macroscopic confining potential: 
"Rashba contribution α". Tunable by 
external electric field!
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Electric field E in solids
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SO interaction in 2DEG: Rashba & Dresselhaus terms

Pauli spin matrix

Rashba Dresselhaus

tunable by gate voltage



Calculation of Eigenvalue
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Description of zero-field spin splitting by Beff
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Comparison of coefficients. E.g. only Rashba contribution:
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Presence of Rashba & Dresselhaus contributions

Rashba or
Dresselhaus

Rashba and 
Dresselhaus
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SO-interaction in a InGaAs quantum well 

Vg

Beating of SdH-oscillations∝ ρxx

Nitta et al., Phys. Rev. Lett 78, 1335 (1997)



Quantum oscillations (SdH) reflect k-space area
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Periodicity of Shubnikov-de Haas (SdH) oscillations
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Origin of beating: two periodicities due to two k-space areas A1 and A2
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Nitta et al., Phys. Rev. Lett 78, 1335 (1997)



Tuning of Rashba coefficient a by gate voltage Vg

Nitta et al., Phys. Rev. Lett 78, 1335 (1997)
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