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Charge — Heat — Spin
transport
in ferromagnetic nanostructures

Initial motivation :

Spin transfer torque effect

- Due to spin relaxation

- Dissipation to be found in transport

-> Magneto-Thermo-Galvanic Voltage
(MTGV)



Probing spin-charge-heat transport :

& Thermo Galvanic Voltage (TGV)
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MTGV modelled with a
«three-current» model

... suggests coupling of heat and spin current

... but we did not consider it !



Thermal spin torque predicted in 2007

M. Hatami, G.E.W. Bauer, Q. Zhang, P.J. Kelly,
Phys. Rev. Lett. 99, 066603 (2007)
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Joule heating of a spin valve

in @ nanowire
Co/Cu/Co
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Heat current (not temperature)
changes the switching field
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Haiming Yu, et al., Phys. Rev. Lett. 104, 146601 (2010)



Resistance(Q)

Checking temperature rise

Isothermal R(T)
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change of switching field NOT due to AT

Isothermal measurement Joule heating
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Other check experiment : symmetric spin-valve
QD)

Without heat current
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Haiming Yu, Phys. Rev. Lett. 104, 146601 (2010)



Analyzing the data

We have
2 independent sets of data



Switching field vs heat current

L 2r=50nm




V2f peak height
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Generalized three-current model

Onsager phenomenological relations + Pauli matrices
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Bulk spin current: | ; zzc(vv_geffVT)

J. Dubois and J.-Ph. Ansermet, Phys. Rev. B 78, 184430 (2008).



Simulation of Switching field

AHsTviT _ Trst I B Ser VT

j, =2¢(VV-8,VT)

AH,' ) Tsrr JmstT vV

2r=371nm

2 50mm




V2f peak height
(just a 2"d order development, sorry)

V=R(z,T)I AV:IM

j,=2e(VV=-S,VT|  yr=4r

I = IAC +IDC




Simulation of V2f peak height

2r=37nm
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Recent work

Magnetization Dynamics
in the presence of a heat current



Effect of a thermal gradient
on YIG FMR
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Enhanced FMR peak
amplitude upon the
application of a
emperature gradient Elisa Papa,

Enhancement

poster at this
conference




FMR under heat current : permalloy

Preliminary observations on Py
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Gravier et al. Phys. Rev. B 2006 Sachter et al. Nat. Phys. 2010

1. The three-current model
2. At large scales, Uy = uy
3. Spin-dependent transport, oy = go(1 + ) £+ = &(1xm)

bulk spin current jp — —6(77 — ﬂ)EVT




Summary

Heat-driven spin currents

* magnetization switching in nanostructures

e spurious temperature rise avoided in nanowires
* Modelling with a generalized 3-current model

Ferromagnetic resonance

e Effect of heat current on the amplitude of FMR
(narrowing or Overhauser ?)







