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Outline

1. Superconductor  Spin Valves

TC of SC: Parallel vs. Antiparallel

Spin injection: Long vs. short spin lifetime

Dynamic spin injection

Large spin Hall effect
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2. Spin valves based on 
Quantum materials

石墨烯  弱自旋-轨道耦合 长自旋寿命

二硫化钼等  自旋-谷

拓扑绝缘体  自旋流的拓扑保护

Review of last class
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Outline

1. Spin transfer torque 

2. Spin orbit torque and spin Hall effect

3. Spin orbit torque and Rashba-Edelstein effect
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This Class

1. Spin transfer 
torque 
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1. Theory and observation of spin transfer torque

2. Spin transfer torque and spin pumping

3. Spin transfer torque in MTJ and Domain wall motion

5. Thermal spin transfer torque

6. Pure Spin current transfer torque

Review of last class
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Outline

1. Theory and observation of spin 
transfer torque
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The Einstein–de Haas effect

Spin angular momentum
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Spin transfer torque
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Spin transfer torque

John Slonczewski Luc Berger
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Spin transfer torque
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Spin transfer torque
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Spin transfer torque
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Spin transfer torque
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Spin transfer torque
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Experimental discovery of STT

Tsoi, et al, PRL, 80, 4281 (1998)

(Co/Cu)N

N= 20-50
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Experimental discovery of STT

Tsoi, et al, PRL, 80, 4281 (1998)

(Co/Cu)N

N= 20-50
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Experimental discovery of STT

Myers, et al, Science, 285, 867-870 (1999)
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Experimental discovery of STT



20

Experimental discovery of STT

Katine, et al, PRL, 84, 3149 (2000)
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Experimental discovery of STT
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Experimental discovery of STT
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Ralph & Stiles, JMMM, 320, 1190-1216 (2008)

Spin transfer torque switching



24

Outline

2. Spin transfer torque and 
spin pumping
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Spin angular momentumFerromagnetic resonance

energy

H0

gBH/2

-gBH/2

resonance condition: =0

Lorentzian
function

�=gBH
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Spin angular momentumFerromagnetic resonance

Landau-Lifshitz-Gilbert equation

Hx e
it (rf): small perturbation
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Spin angular momentumSpin angular momentum
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Spin transfer torque

Tserkovnyak, et al, Rev Mod Phys, 77, 1375 (2005)
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Enhanced Gilbert damping

Tserkovnyak, et al, PRL, 88, 117601 (2002)
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Enhanced Gilbert damping and torque

Heinrich et al, PRL, 90, 187601 (2003)
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Heinrich et al, PRL, 90, 187601 (2003)

Enhanced Gilbert damping and torque



32

Enhanced Gilbert damping and torque
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Spin angular momentumSpin transfer torque
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Spin transfer torque

Mosendz, et al, PRL, 104, 046601 (2010)
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Spin transfer torque
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Outline

3. Spin transfer torque in 
MTJ
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Magnetic tunnel junction (MTJ)
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SST in MTJ for MRAM

Huai, et al, APL, 84, 3118 (2004)
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SST in MTJ for MRAM
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SST in MTJ for MRAM

Fuchs, et al, APL, 85, 1205 (2004)
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Measurement of STT in MTJ

KUBOTA, et al, Nature Physics, 4, 37–41 (2008)
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Measurement of STT in MTJ

Chappert, et al, Nature Materials, 6, 813–823 (2008)
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Application of STT in MTJ

MRAM
IBM, Samsung, Headway, Micron, et al
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Kent & Worledge, Nature Nano 10,187-191 (2015) 

Application of STT in MTJ
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Outline

4. Spin transfer torque in 
domain wall motion
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Why domain wall 

Parkin, et al, Science, 320, 190-194 (2008)

Racetrack Memory
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Why domain wall 

Domain wall MTJ

Fukami et al., 52nd Conference on MMM (2007)
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Domain wall motion by STT

Yamaguchi, et al, 92, 077205 PRL (2004)

FM Metal
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Domain wall motion by STT
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Domain wall motion by STT
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Domain wall motion by STT

Klaui, et al, PRL, 94, 106601 (2005)

FM Metal
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Domain wall motion by STT

A notch
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Domain wall motion by STT

FM Semiconductor: GaMnAs

Yamaguchi, et al, Nature (2004)
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Domain wall motion by STT

FM Semiconductor: GaMnAs
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Domain wall motion by STT

FM Semiconductor: GaMnAs
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Fast domain wall motion

Brataas, Nature Nanotech, 8, 485–486 (2013)
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Fast domain wall motion

Ryu, et al, Nature Nanotech, 8 , 527–533 (2013)
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Fast domain wall motion

Emori, et al, Nature Materials, 12, 611–616 (2013)
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Fast domain wall motion

Yang, et al, Nature Nanotech, 10, 221-226 (2015)
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Fast domain wall motion

Yang, et al, Nature Nanotech, 10, 221-226 (2015)



63

Fast domain wall motion

Parkin & Yang, et al, Nature Nanotech, 10, 195-198 (2015)
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Outline

5. Thermal spin transfer 
torque
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Thermal Spin Injection
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Thermal Spin torque

Jia, et al, PRL, 107, 176603 (2011)
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Thermal Spin torque

Yu, et al, PRL, 104, 146601 (2010)
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Thermal Spin torque
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Outline

6. Pure spin current transfer 
torque
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Spin polarized current

Pure spin current

Pure spin current
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Pure spin current

Pure spin current

Spin Injector Spin Detector

charge 
current IINJ

VNL

+ -

FM
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Pure spin current torque

Yang, et al, Nature Physics, 4, 851–854 (2008)
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Pure spin current torque
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Pure spin current torque
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tST =
ℏ

2
�� × (�� × ��)

Brataas, Nature Nano, 9, 86-88 (2014)

FM

NM

Spin orbit torque
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Other ways for pure spin current

D'yakonov, M. I. & Perel', J. Exp. Theor. Phys. Lett. 13, 467-469, (1971).
Hirsch, J. E. Phys. Rev. Lett. 83, 1834-1837, (1999).
Zhang, S. Phys. Rev. Lett. 85, 393-396, (2000).

Spin Hall effect
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Spin Hall torque

Liu, et al, Science, 336, 555-558 (2012)
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V. M. Edelstein, Solid State Commun. 73, 233 (1990)
A. Manchon, et al, Nat. Mater. 14, 871 (2015)
J. C. R. Sánchez, et al, Phys. Rev. Lett. 116, 096602 (2016)

Other ways for pure spin current
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Rashba field torque

Miron, et al, Nature Materials, 10, 419–423 (2011)
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1. Theory and observation of spin transfer torque

2. Spin transfer torque and spin pumping

3. Spin transfer torque in MTJ and Domain wall motion

5. Thermal spin transfer torque

6. Pure Spin current transfer torque

Review of last class
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John Slonczewski Luc Berger

Summary
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