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Experiments on SO Torque and Spin-to-Charge 
Conversion in Lateral TI/F Heterostructures
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Current-Driven Nonequilibrium Spin Density 
on the TI Surface as a Resource for Spintronics
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Rashba SO Splitting of Energy Bands

1D:

Spin-m
om

entum
 locking 

at the Ferm
i energy

2D:

Topological spintronic devices, C-SPIN 2016



Anatomy of SOT

Crash Course on 3D TIs

Graphene Spin-degenerate Spin-split 
by Rashba SOC

vs.

TIs are adiabatically disconnected from vacuum, so the 
gap must close at interface between different vacua
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differential geometry topology
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Physical Meaning of Topological Protection
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graphene + vacancy: PRL 104, 096804 (2010)

Bi2Se3 surface + impurity: SSC 152, 747 (2012)

perturbing insulators with trivial 
topology of the bulk wavefunction

perturbing 
topological insulators 
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Crash Course on Spin-Transfer Torque 
Learn more about STT from:
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What Can Theory Do for Topological Spintronics: 
Understand, Control and Design Antidamping SOT
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SHE antidamping torque

PRB 84, 113407 (2011)

Berry curvature  
antidamping torque
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MISSING INGREDIENTS: 3D transport geometry and N/TI contact 
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spin-dependent 
scattering

vertex corrections
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What Can Computation Do for Topological 
Spintronics: Find Optimal Materials Combinations
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STT-MRAM cell with 
high TMR and low RA

unpublished

EuS/Bi2 Se
3

Co/Bi2 Se
3

PRB 90, 115103 (2014)
unpublished
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Spin Density and STT from NEGF Formalism
Fundamental quantities of NEGF formalism:

NEGF for steady-state transport:

density of available quantum states: how are those states occupied:

NEGF-based expression for spin-transfer torque:
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PRB 90, 045115 (2014)

SPIN 3, 1330002 (2013)

Learn more about NEGF from:

Most general torque formula valid 
in the presence of SOC and other 

spin-nonconserving processes
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Current-Driven Nonequilibrium Spin Texture on 
the Surface and in the Bulk of Bi2Se3

PRB 92, 201406(R) (2015)
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Adiabatic Expansion of NEGFs in 
Derivatives of Slow Magnetization
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PRB 95, 113419 (2016)

charge current

charge pumping

spin torque

Gilbert damping
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Spatial Profile of Antidamping SO Torque and 
the Role of Evanescent Wavefunctions 
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Angular Dependence of SO Torque 
in Lateral TI/F Heterostructures
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PRB 95, 113419 (2016)
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x
y

z

LLG Simulations of Magnetization Reversal 
and Switching Phase Diagram for TI/F Bilayer
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SOT induced magnetization reversal by domain 
nucleation at the edges and propagation
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SO Torque in Vertical TI/F Heterostructures
PRL

109, 166602 (2012)

PRB 71, 195328 (2005)
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Spin Pumping-to-Charge Conversion in 
Lateral and Vertical TI/F Heterostructures

PRB 90, 115432 (2014) 
Floquet-NEGF with ~10 exchanged 
photons: PRB 85, 054406 (2012) 
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Conclusions and Open Questions 
in Pictures  
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Spin-to-charge
conversion

Open questions: 
 hybridization between 

TI and F states
 SO torque from first 

principles

SO torque
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