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Interconversion of spin and charge currents

Spin Hall effect Inverse spin Hall effect
) " e

We can detect spin current.
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Short review of spin Seebeck effect
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Spin Seebeck effect in metal/ferromagnet
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Spin Seebeck effect in metal/ferromagnets

R
T Xwo &
el
J 08 2
R H=J,2, 05,
%ka| i
T+AT S

Expression of spin Seebeck effect )
of
— 2 R R

IS = AT X o Jsd XIm)(qw XImka Xa_T

Spin _ Temeprature \ interfacial ¢ Spectral Spectral X Distribution
current — difference interaction ~ functionin M~ functionin F functions

X = <G+G_> G = <S+S_>



Spin Seebeck effect in metal/ferromagnets
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Two sigh changes of spin Seebeck effect
in Gd;Fe:;0,,/Pt
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Magnetization compensation effect

M (T) RE;Fes0,,

T _I-Cr ferrite

RE=Dy, Gd, Er,"*




Origin of the 1st signh change

PRB 87 014423 (2013)
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Z axis

Magnetization compensation effect
causes sign change at Tg;,,;.
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Spin Seebeck effect in metal/ferromagnets
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Spin Seebeck effect in metal/ferrimagnets
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Spin Seebeck effect in metal/ferrimagnets
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Competition of two modes of magnons
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Competition of two modes of magnons
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Origin of the 2"9 sigh change
2o B0
[ :.

A>k,T
S

Spin current from mode alpha is dominant.




Origin of the 2"9 sigh change

Spin current from mode beta is dominant.



Origin of the 2"9 sigh change

Spin current from mode beta is dominant.

Competition of magnons causes 2"9 sigh change.



Origins of two sigh changes
of spin Seebeck effect in Gd;Fe:;0,,/Pt
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Origins of two sigh changes
of spin Seebeck effect in Gd;Fe:;0,,/Pt
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Spin Peltier effect



Spin Peltier effect
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Outline of our theory
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Outline of our theory
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Spin current injection into FlI
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Spin current injection into Fli
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Spin injection and spin Seebeck effect
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Spin injection and spin Seebeck effect
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Spin injection and spin Seebeck effect
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Heat-current injection into FI
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Heat transport driven
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Reciprocal relation of SSE and SPE
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Reciprocal relation of SSE and SPE
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Kelvin’s relation of thermal spin effects
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Kelvin’s relation of thermal spin effects
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Heat generation from spin current
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Temperature change
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Seebeck & Peltier effects In bulk materials
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