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Gerrit E.W. Bauer

Gerrit Bauer
Charge, heat, and spin transport Requirements for theory of magnetoelectronics

MRAM element (Toshiba)

Metals and insulators:

Fermi/screening wave length O(Å); 
disorder; sharp interfaces 

- Size quantization effects on 
transport negligible (exception: 
MgO|Fe|Cr).

- Many-body effects negligible 
(exception: Kondo effect).

- Weak spin-orbit interaction.
- Quantum mechanics at the 

interfaces.

©
 E

ig
le

r

© Yuasa

Overview first two lectures

1 Elementary transport theory
(a) Linear response theory of transport
(b) Scattering theory of transport
(c) Semiclassical transport
(d) Thermoelectricity and Onsager symmetry
(e) Collinear spin transport

2 DC magnetoelectronic circuit theory
(a) Transport in non-collinear magnetization textures, non-collinear spin valves
(b) Spin transfer torque and spin mixing conductance
(c) Spintronic Kirchhoff Laws

3 AC magnetoelectronic circuit theory
(a) Current-induced magnetization dynamics
(b) Spin pumping and enhanced Gilbert damping
(c) DC and AC spin pumping

G.D. Mahan, Many-Particle 
Physics, (Springer, 2000).
S. Doniach, E. H. Sondheimer,
Green's Functions for Solid State 
Physicists (Imperial, 1998)

A. Brataas et al., 
Physics Reports 
427, 157 (2006)

Y. Tserkovnyak et al., Rev. Mod. 
Phys., 77 1375 (2005).

Not: domain walls, tunnel junctions, (spin-orbit interaction) 

Ohm’s Law
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Linear response of heat and mass transport: Fourier/Fick Laws

Perturbation theory of transport

Perturbation theory
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Kubo formula
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Fluctuation-dissipation theorem

Linear response (Kubo) formalism
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Nanotransport
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Divergence theorem and current conservation

Phys. Rev. B 23, 6851 (1981)

Landauer-Büttiker formula
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Semiclassics

Interference and semiclassical approximation
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Semiclassical approximation 
holds for disordered metals:

Wigner representation:
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Diffusion approximation
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Disorder Interface roughness



U > 0

“Specularity” < 1

Series resistor model

 IV

 /
/ /

L R
L R L R

V x E j
x




  



  I IGj

eA

GI interface conductance

L R

RL RI RR equivalent circuit

   
    

1 1

1 11
2

I I
LB

A B
Sh Sh

G G

G G

 

 



 

Thermoelectrics and Onsager

Heat and charge transport in metals
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Lars Onsager Memorial at NTNU Trondheim

Lars Onsager

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”
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Onsager symmetry (1931)
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Thermoelectrics
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Collinear spin transport 

Electron spin and quantum mechanics
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Spin-dependent interface transmissivity

Co Cu

minority
majority

Transmission probabilities (Xia et al., 2002)
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Cu Co-majority Transmission
1.0

0.0

Transmission

0.0

1.0

Spin dependent interface transmission Kindergarten model of GMR
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Spin diffusion in bulk metal (Valet-Fert)
   , ,s
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xj s

x


    
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Ohm’s Law
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spin diffusion length

averaged diffusion constant

Two-channel series resistor model
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Two-channel series resistor model

A cross section of sample
Nbl number of bilayers

spin-up resistivity of F
spin-up interface 
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MSU group in the 90’s
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F|N|F spin valves
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F|N|F spin valves
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