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Spin Memory

Hard disk drive Magnetic random access memory

Access time: a few ms Access time: a few tens of ns
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Spin transfer torque

Spin current can rotation local magnetization.

Slonczewski JMMM (1996)
Berger PRB (1996)
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Thermal spin generation in metallic ferromagnet

Part 1: Ultrafast demagnetization

Part 2: Spin-dependent Seebeck effect
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Beaurepaire et al. PRL (1996)

Three temperature model
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Ultrafast demagnetization M vs T



Spin accumulation
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Conclusion

Phonon 

Electron 

Magnon 

JQ

JQ

𝒅𝑴

𝒅𝒕
=

𝒅𝑻𝐦

𝒅𝒕
× 𝒇

𝑻𝐦

𝑻𝑪
, 𝒈𝑺 = −

𝒅𝑴

𝒅𝒕

JS

JS

Electron-magnon scattering conserve angular momentum.



Thermal spin generation in metallic ferromagnet

Part 1: Ultrafast demagnetization

Part 2: Spin-dependent Seebeck effect
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Spin-dependent Seebeck effect

Heat current Heat current
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Hu et al. NPG Asia Mater.  (2014)
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Interfacial effect

Ferromagnet Non-magnet
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병목현상

Interfacial effect
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Interfacial effect
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Offset in spin accumulation on Cu is due to SDSE.
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Measure STT on FM2
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SDSE  initial slop  overall phase delay
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