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Spin transport
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Charge/spin conversion

Ԧ𝑗𝑐 = 𝑒𝜇𝑛𝐸 + 𝑒𝐷∇𝑛 + 𝑒𝜇𝛼SH 𝐸 × 𝑃𝑠 + 𝑒𝛼𝑆𝐻𝐷(∇ × 𝑃𝑠) (3)
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Anomalous Hall effect (AHE)

Inverse Spin-Hall effect (ISHE)Spin-Hall effect (SHE)



Some schematics of mechanism

• Intrinsic (band structure)

• Skew Scattering

• Side jump
Ԧ𝑆

Spin orbit interaction: 
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Ԧ𝑆 up: attractive
Ԧ𝑆 down: repulsive

𝑥

𝑦

Ԧ𝑆 up
Ԧ𝑆 down

Skew

jump



H. Nakayama et al, PRL 110, 206601 (2013)

Pt: non-magnetic, strong spin-orbit coupling

Spin-Hall effect
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Conclusion

• Spin-orbit coupling causes spin/charge conversion

• Three effects are derived from the spin-orbit coupling

• Anomalous Hall effect, Spin-Hall effect, Inverse spin-Hall effect

• Spin-Hall and inverse spin-Hall effect generates spin-Hall 
magnetoresistance at a Ferromagnetic/Spin-orbit coupled material 
interface.


