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Theory of spin-dependent thermoelectric transport
Description of the results of Uchida et al. (Nature, 2008)
Setup and experiment

Results

Possible explanations

A new discovery ?
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Thermoelectric transport

Seebeck effect : Thermoelectric equation
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Thermoelectric transport

Seebeck effect : Thermoelectric equation
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Thermoelectric transport

Seebeck effect : Thermoelectric equation
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Spin Seebeck effect

Uchida et al., Nature, Oct 2008 :
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Two principles in the experiment:

» spin-Seebeck effect. generation of a spin voltage in the magnet

= inverse spin-Hall effect (ISHE): transformation of a spin current
into a charge current.
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Inverse spin-Hall effect :

magnetization
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Effect due to spin-orbit coupling

Needs spin injection in Pt !
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Field effect :
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Experiment :
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Experiment :

Normal Seebeck coefficient

Seebeck coefficient of Py in reference to Cu

Thermopower (uV/K)

Temperature (K)

0 H
-2 4 y‘
) y
'.!-
-4 "~
LY
) ~
-
6 -
]
--
8 ™™
) _ﬂ..
-10 A h
100 200 300 400

10x10 Py film, 20nm thick on Al,O,



Thermopower (uV/K)

Experiment :

Normal Seebeck coefficient

Seebeck coefficient of Py in reference to Cu
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Results : exp #1
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Results : exp #1
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Results : exp #1
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Results : exp #2

0.4x6 mm Py strip
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Results : exp #2
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Results : exp #1
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Results : exp #1
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» narrow Py strip, three Pt wires on top.

» wide Py strip, three Pt wires on top.
» wide Py strip, five Pt wires under it.

» wide Py strip, five Pt wires on top.

» wide Py strip, single Pt wires under it.
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Partial conclusion

= Unable to reproduce the previous experiment
= Questions about spin injection in Pt
= Questions about the theoretical model



Can we doubt Uchida’s
experiment?

(@) Conventional spin-diffusion equation
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Anisotropic magneto-
thermopower

Half-metal : Chromium dioxide
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Anisotropic magneto-
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Anisotropic magneto-
thermopower
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Seebeck coefficient (uV/K)
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Conclusion

= Unable to reproduce Uchida’s experiment
= Difficult to prove who is right

= An interesting feature in CrO,



Do you want more answers ?

Then ask questions



Field effect 10 nm thick Py film
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Field effect :

Py strip - Py wires
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Field effect :

Py strip - Py wires
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Field effect :

V (uV)
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Planar Hall effect and AMR
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0.58

Planar Hall effect and AMR

Room temperature
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Experiment
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Py strip - Py wires
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