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Seebeck Effect

» Temperature gradient makes electrical
voltage difference : S = AV/AT

e Electric thermometer

Thermocouple



Spin Seebeck Effect

* Different Seebeck Coefficients for spin
up and down electrons
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Spin Seebeck Tunneling

« Temperature difference makes spin
tunneling

Tem > Ty Tsi> Tey

Ferromagnet
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e g ~ '
Spin polarization induced by
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Experiment

* Hanle Geometry
 SI: 4mm X 0.8 mm X 3um

» Oxide: SIO,/AlLO;5 (1.5nm thick)
» Ferromagnet: NigyFe,,

Joule
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current
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coldat 7,
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heated to TSi




Experiment

V=V, - Vg = Vy+AV
— V. Ohmic voltage drop, ordinary
thermovolatge
— AV: Seebeck spin tunneling voltage o« Au

— J: Joule heating current
 B,: spin precession, reduction of A




Thermal spin signal, V -V, (mV)
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Experimental results
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Origin of spin Seebeck tunneling

* No tunnel charge current
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Result (invert Hanle effect)

0.00 = 0.00

d
E
-0.10 <
=]
-020 =
c
o
-0.30 ®
£
040 F
=
-050 £
1]
-
-0.60
h
016 <
£
>
012 <
T
oy
f=)]
0.08 %
£
a
w
004 =
5
0.00 =

-0.10

-0.20

-0.30

-0.40

-0.50

-0.60

0.16

0.12

0.08

0.04

0.00

—— Fit AV e Jfing
(o] Inverted Hanle data

0 2 - 6 8
Heating power (nW um=Si)

L ©  Inverted Hanle data
Fit AV o J

2 .
heating

0 2,000 4,000 6,000 8,000

Heating power (nW pum~=2 metal)



Summary

« Seebeck spin tunneling
at ferromagnet-oxide-silicon

» Thermal spin current with voltage
difference but no net charge current



