Designing a Spin-Seebeck Diode
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Seebeck effect
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Thermal Diode

Conventional thermal diode Thermal spin diode
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System and Model

LLG equation
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System and Model

(),

Thin magnetic disks —— M is uniform along the thickness

—> LLG describe circular precession of M, and M,

My (p, ¢, t) +1My(p, o, 1 .2
c(p, d,t) = QQM)(M J:’;M ) p; = lcjl
Resonance frequency Damping  Dipolar coupling

LLG equations < B 1 2’
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System and Model

Y Z
- ——
\

X
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Bessel Function of the first kind Spin wave vector

¢ = 0 :is excited by uniform in-plane
field in plane rf field

B

n: radial guantum number ¢: azimuthal quantum number
¢ = 1 :is excited by orthoradial field

n=>0
- v /#
. SN o orthoradial rf field
From PRB 84, 224423 (2011) a




System and Model

Two disks that are dipolarly coupled

—> Spin wave modes decompose into two categories

— ~

symmetric modes asymmetric modes

Use micromagnetic simulation in order to investigate the physics of
the coupled disks (Nmag)

R=125nm A=13x10""J/m a1 =1.6x10"% 0.85 x 10~2
My =78x10°A/m My =94x10°A/m 7o = 1.87 x 10" rad~'7*



System and Model

Thermal fluctuations are added by introducing a (Gaussian) stochastic
field HY at each site k,

<Hfh,il_{fh,j> _: 2Dk5ij5k15(t — lJ) l,] — X, V,Z

D, = (2akB_Tk)_/ (MyouoVy)

The quantity of interest in the micromagnetic simulation is the
averaged magnetization

M) = 5 [ My



power spectrum

Modes of two coupled disks
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Thermal Spin Diode

Hamiltonian of the problem

H = w,(p1)p1 + 02(p2)p2 + h(cics + ciey),

Number of particles is conserved (p,+p,)

— pj = —205(pj)p; + Jm
spincurrent M = 2h Im(cl C;)
Similarly energy is conserved

Energy current IE = 2h Re(él C;)
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Thermal Spin Diode
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phase difference
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Thermal Spin Diode
¢j = \/pje'”
—> jm = 2hy/p1p2sin(¢1 — ¢2)
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Thermal Spin Diode
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Conclusions

* Realistic model for a thermal spin diode

* Might be tested experimentally
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