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Experiments on SO Torque and Spin-to-Charge

Conversion in Lateral TI/F Heterostructures

Ralph Lab, Nature 511, 449 (2014) Fert & Vila, Nature Comm. 4, 2944 (2013)
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Current-Driven Nonequilibrium Spin Density

on the TI Surface as a Resource for Spintronics

Solid State Communications, Vol. 73, No. 3, pp. 233-235, 1990. 0038-1098/90 $3.00 + .00 mnmaterials INSIGHT | PROGRESS ARTICLE
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SPIN POLARIZATION OF CONDUCTION ELECTRONS INDUCED BY ELECTRIC CURRENT IN

TWO-DIMENSIONAL ASYMMETRIC ELECTRON SYSTEMS Spil‘ltl’OﬂiCS and pseudospintronics in gra phene
VM. Edelsein and topological insulators

USSR Academy of Sciences, Institute of Solid State Physics, Chernogolovka 142432, USSR
Dmytro Pesin and Allan H. MacDonald
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Rashba SO Splitting of Energy Bands
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Crash Course on 3D TIs
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Physical Meaning of Topological Protection
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Crash Course on Spin-Transfer Torque

Learn more about STT from:

Journal of Magnetism and Magnetic Materials 320 (2008) 1190-1216
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What Can Theory Do for Topological Spintronics:

Understand, Control and Design Antidamping SOT
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Spin-dependent tunneling conductance of Fe|MgO|Fe sandwiches

450

What Can Computation Do for Topological
timal Materials Combinations

Spintronics: Find Op

W. H. Butler, X.-G. Zhang. and T. C. Schulthess

Oak Ridge, Tennessee 37831-6114
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Spin Density and STT from NEGF Formalism

QFundamental quantities of NEGF formalism: Learn more about NEGF from:

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

Gl (t,) = =30t =) {ers (1), b (t)})  Gr(tst) = = (Bl (o (1)

ANEGF for steady-state transport:
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(a)
1 100 1 +00 T
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LNEGF-based expression for spin-transfer torque:

SPIN 3, 1330002 (2013)
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_ A T _ 3, Most general torque formula valid
T =T [pneqT] = T= /d r m“eq(r) . BXC(r) in the presence of SOC and other
F spin-nonconserving processes
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Current-Driven Nonequilibrium Spin Texture on

the Surface and in the Bulk of Bi,Se,

PRB 92, 201406(R) (2015)

— Bottom Top
_s surface surface
x10 . .

=
.
S
L]
-

5% & o

ooy \,/f

e

Topological spintronic devices, C-SPIN 2016 Anatomy of SOT



Adiabatic Expansion of NEGFs in
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Spatial Profile of Antidamping SO Torque and

the Role of Evanescent Wavefunctions

PRB 95, 113419 (2016) <102 102
| : = 7 (E)=0
= b= 2T
F=0,0,) = [T B33V
| T3} ---E-3.1ev
o (E)=0 (@Y% (b)

%107

Id
v A
'.; X2 - (L} é A’.
| T e,e“:'F):.U ;@ _ -‘. .,,‘-.- g 'f_‘.
0 20 40 . i
Longitudinal Coordinate x_ (@)
0.08 T r r r T 0.08

PPN ]:}—3 U{} c\_."

N\
¢
i
8 L =100
— —_ —
= 0.06} =100a = 0.06} _
o = : = T [——E=304eV .
T 2o 2 0.04
g -'r_l)._ H;—.
— 5 0.02f 3 0.02f ]
o (d)]
o0 B i A 0 s . s
s 000335 3.0 3.1 R A AE
o
[a

E, (eV) I/L_(a')

Topological spintronic devices, C-SPIN 2016 Anatomy of SOT



Angular Dependence of SO Torque

in Lateral TI/F Heterostructures
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LLG Simulations of Magnetization Reversal
and Switching Phase Diagram for TI/F Bilayer

SOT induced magnetization reversal by domain
nucleation at the edges and propagation
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SO Torque in Vertical TI/F Heterostructures

F|TI Interface
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Spin Pumping-to-Charge Conversion in

Lateral and Vertical TI/F Heterostructures
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Conclusions and Open Questions

in Pictures

Open questions:
> hybridization between
TI and F states
» SO torque from first
principles
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