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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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Rotation in quantum mechanics
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generates all possible spin states. 
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Spin-up state in x-direction is obtained by 
rotation about y-axis with    .
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Switching by spin transfer Switching by spin transfer

Ohm’s and Kirchhoff’s Laws
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Circuit theory (Brataas et al., 2000)
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1̂V 2̂V 3̂V

2s

1 ,1 ,1 1

2 ,2 ,2 2

ˆ ˆ ˆ1
ˆ ˆ ˆ1

c s

c s

V V V
V V V

  

  

m σ

s σ 1 2 3 2
ˆ ˆ 0I I  
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spin & charge conservation:

Angular magnetoresistance

Exp: S. Urazhdin et al. (2005)
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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)
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Spin vs. charge pumping
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Pumping (Büttiker, Brouwer): Current flows without 
applied bias, but due to time-dependent modulation of 
scattering matrix.
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Spin pumping
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Spin pumping 
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Spin pumping detected by inverse spin Hall effect
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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) 
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