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Spin torques and spin pumping
Gerrit Bauer, ESM Part I.2

F|N|F spin valves: non-collinear
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Current-induced magnetization reversal

Electrical currents can controllably reverse the magnetization 
in small (< 200 nm) magnetic devices (Slonczewski, Berger):
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Electrical currents can controllably reverse the magnetization 
in small (< 200 nm) magnetic devices (Slonczewski, Berger):
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Linear momentum transfer

Linear momentum transfer Angular momentum transfer

Angular momentum transfer Angular momentum transfer
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Angular momentum transfer Angular momentum pump

Angular momentum pump Angular momentum addition

Angular momentum addition Angular momentum addition
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Rotation in quantum mechanics
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Finite rotation:   
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Rotation in quantum mechanics
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generates all possible spin states. 
Example:
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Rotation of a state  by an angle 
around an axis with unit vector n:

Spins on the Bloch sphere
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Check:

Spin-up state in x-direction is obtained by 
rotation about y-axis with    .
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Slonczewski torque in half metals
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transverse spin current = torque
longitudinal spin currentm

 / 2
 / 2

 


 
 

    
 2 2

Ne
V V

N = number of incoming channels





 =
m

Spin-mixing conductance





 =
m

   
2

ˆ ˆ e Nx z V V
e h    m 



2 2

Sharvin
2 21

FEe eG N
h h 

 
kẑ
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Scattering theory:
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Spin mixing conductance:

Exchange-field torque
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Precession by spins in evanescent states
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Switching by spin transfer Switching by spin transfer

Ohm’s and Kirchhoff’s Laws
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Charge current:
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Pauli matrix notation
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Circuit theory (Brataas et al., 2000)
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1 2Î  3 2Î 

spin & charge conservation:

Angular magnetoresistance

Exp: S. Urazhdin et al. (2005)
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Kimura et al. (2005)

Spin accumulation-driven magnetization reversal
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Spin pumping

Spin currents cause magnetization motion
(spin transfer torque, Slonczewski, 1996).

Spin torque and spin pumping

Magnetization motion causes spin currents 
(spin pumping, Tserkovnyak, 2002). 

Onsager reciprocals
(Brataas et al., 2011)

LLG equation

spin conductancespin pumping

spin transfer torque
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Spin vs. charge pumping

charge and mass
pumping

Pumping (Büttiker, Brouwer): Current flows without 
applied bias, but due to time-dependent modulation of 
scattering matrix.
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Spin pumping




 
 

4
F N

pump

d
I

t
g

d
m

m


m

Dynamics of bilayers

Landau-Lifshitz-Gilbert equation with new torque term:
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Sources and sinks of spin currents
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Py|Pt:

Py|Pt mixing conductance

Kato et al. (2004)
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Spin current tensor, spin Hall angle
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Spin pumping 
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Jiao et al. (2013)

Spin pumping detected by inverse spin Hall effect

Saitoh et al. (2006)

ac spintronics

Wei et al. (2013)
Hahn et al. (2013)

Exchange-only theory is complete

Kyung-Jin Lee 
Thierry Valet

- Integration of dynamic spin currents with   
micromagnetics (including Oersted fields) 

SpinFlow3D

Spin oscillators
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The end


