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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)

Gravier 2004
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Co‐Cu multilayered nanowires (300 bi‐layers)





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 a nanowire
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Heat current (not temperature) 
changes the switching field  

Haiming Yu, et al., Phys. Rev. Lett. 104, 146601 (2010)

heat current
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Isothermal measurement Joule heating

  1 K H 0.03 mT
SW    H 100 effect
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Other check experiment : symmetric spin‐valve 

Haiming Yu, Phys. Rev. Lett. 104, 146601 (2010)

Without heat current
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Analyzing the data

We have 
2 independent sets of data



Switching field vs heat current
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Generalized three‐current model

Onsager phenomenological relations + Pauli matrices

Bulk spin current :

J. Dubois and J.‐Ph. Ansermet, Phys. Rev. B 78, 184430 (2008).
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Recent work

Magnetization Dynamics 
in the presence of a heat current



Elisa Papa, 
poster at this
conference



FMR under heat current : permalloy

Elisa Papa, poster at this conference



1. The three‐current model 
2. At large scales, 
3. Spin‐dependent transport, ߪേ ൌ ଴ߪ 1 േ ߚ

bulk spin current

Gravier et al. Phys. Rev. B 2006 Sachter et al. Nat. Phys. 2010
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Summary

Heat‐driven spin currents
• magnetization switching in nanostructures
• spurious temperature rise avoided in nanowires
• Modelling with a generalized 3‐current model

Ferromagnetic resonance
• Effect of heat current on the amplitude of FMR
(narrowing or Overhauser ?)




