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Pho’s Afreaid of WIG?

Barnett Newman, Who's Afraid of Red, Yellow and Blue 11, 1967-68
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Yttrium Iron Garnet Y469 Fe,@%) (Fe®H0,@)),
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Yttrium Iron Garnet Y46 Fe,@%) (Fe®0,@)),

Dodecahedral site
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- 80 atoms & 20 moments/unit cell

- ferrimagnetic insulator

- Curie temperature 550 K

- man-made near perfection with
Gilbert damping a.~10-°
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Spintronics with magnetic insulators

YIG band structure Jia et al,, EPL (2011)
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Mixing conductance of YIG|Ag (Jia et al., 2011)
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Lars Onsager Memorial at NTNU Trondheim

The Nobel Prize in Chemistry
1968:

“for the discovery of the reciprocal
relations bearing his name, which
are fundamental for the
thermodynamics of irreversible
processes”

Onsager symmetry (1931)

/= {mass, charge, energy, volume, (angular) momentum, ...}

X; generalized forces
J; generalized currents
Jy=2L,X, linear response

n

If: §=YX,J, entropy creation rate
7

then: £, =¢, Onsager relations

When time_ reversal 1, (m, ngz) =&l (—m, —ngz)
symmetry is broken:

even (charge)

1 . .
& = when variable / )
-1 odd (spin)




Thermoelectrics
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[JQHLH ej — TS, THAT
/4 V+AV

[A VJ [R 5][ J ] R=1/G electrical resistance
= g K thermal conductance
T S Seebeck coefficient
I1 = ST Peltier coefficient
Onsager-Thomson (Kelvin)
relation
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Do not associate

every spintronics effect
= with Spin Hall effeet
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 YIG electronic and magnetic structure
« Spin Hall magnetoresistance of YIG|Pt
e Spin Seebeck effect in YIG vs. GdIG

e Strong coupling with microwaves

Kato et al. (2004)
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Spin-dependent thermoelectrics ia
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spin-dependent
Seebeck effect

spin-dependent
Peltier effect

Johnson and Silsbee (1987)
Hatami et al. (2009)
Slachter et al. (2010)
Flipse et al. (2012)

SMR (Nakayama et al., 2013)
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Spin current tensor, spin Hall angle

J% polarization of current || x

Y J, . current direction
of polarization || x
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3D spin Hall effect

Onsager reciprocity in the spin Hall effect

spin Hall effect inverse spin Hall effect
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Heterostructure

Exchange spin transfer torque
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Absorbed spin current = spin-transfer torque
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A switchable mirror for spins

Ferromagnetic insulator
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Detection of spin current mirror
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 YIG electronic and

magnetic structure
= Spin Hall magnetoresistance of YIG|Pt
« Spin Seebeck effect in YIG vs. GdIG

(Longitudinal) spin Seebeck effect

Epsic. # spin-dependent Seebeck effect!
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Spin torque and spin pumping

Onsager reciprocals
(Brataas et al., 2011)
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Spin currents cause magnetization motion ~ Magnetization motion causes spin currents|
(spin transfer torque, Slonczewski, 1996). (spin pumping, Tserkovnyak, 2002).
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Noise-induced spin currents

© Kajiwara-et-ab— !

Foros et al. (2005)
Xiao et al. (2009)

Noise-induced spin currents
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Xiao et al. (2010)
Adachi et al. (2011)

Spin Seebeck Onsager matrix

Te| Ty spin-spin correlation
J if functions at the interface

iH | v | [thermal field
{spin Seebeck effect
M me Lms Zh( 6Heff

JS = Lsm LSS EJ |/$ / 2
Jo Ly, @ Loo \-AT /T

"y
i
"

| heat conductance ‘
magnon Peltier eﬁect| |spin Peltier effect |




Spin Peltier effect (Flipse et al., 2014)
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Magnon transport (also Kajiwara et al. (2010))
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R E- | G Rare Earth Elements

Geprags et al. (2015)
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‘Ohnuma et al. (2013)

Spin Seebeck effect and spin correlation
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Equal time and position spin correlation function
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Spin-spin correlation power spectra:
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Atomistic spin simulations: baandsibnd
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Rare Earth Iron Garnets — GdIG

Fe(16a) — |
o J. Barker (2015) gﬂéﬁ% —
15 total —
10
= 5
%
2o s
25 Teome = 320K
10
15
20 : ; |
0 100 200 300 400 500 600
T (K)
T<T, , 2 a
o o ) @ Fe>* bTﬂnmp 3*0 Fe®

H?TM ]a F(El:g HlfM c c:

Gd* e’




Geprégs et al. (2015)
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