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Spin-Transfer Torque:

Fundamentals and Applications
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Quantum Transport Theory

IS Needed to Describe STT

PHYSICAL REVIEW B 77, 184430 (2008)

First-principles study of spin-transfer torques in layered systems with noncollinear magnetization

Shuai Wang. Yuan Xu, and Ke Xia
State Key Laboratory for Surface Physics, Institute of Physics, Chinese Academy of Sciences, P.O. Box 603, Beijing 100080,
People’s Republic of China
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Spin-Orbit Torque (SOT):

Fundamentals and Applications
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Current-Driven Nonequilibrium Spin Density as

the Origin of Fieldlike SOT

Solid State Communications, Vol. 73, No. 3, pp. 233-235, 1990. 0038-1098/90 $3.00 + .00 mnmaterials INSIGHT | PROGRESS ARTICLE

Printed in Great Britain. Pergamon Press plc PUBLISHED ONLINE: 23 APRIL 2012| DOI: 10.1038/NMAT3305

SPIN POLARIZATION OF CONDUCTION ELECTRONS INDUCED BY ELECTRIC CURRENT IN

TWO-DIMENSIONAL ASYMMETRIC ELECTRON SYSTEMS Spil‘ltl’OﬂiCS and pseudospintronics in gra phene
VM. Edelstein 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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Quantum Transport Theory (Which One?) is Needed

to Describe Interfacially-Driven Antidamping SOT

Berry curvature , , : : .
antidamping ’ror'que SHE antidamping torque anhdgmpmg torque is zero
in the absence of
X m/m X & o, I X :13 — m,m X 2 spin-dependent scattering

l PRB 86, 014416 (2012)
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PRB 93, 125303 (2016) | |PRB 91. 134402 (2015): Nat. Nanotech, 9, 211 (2014)
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Trouble with Simplistic Hamiltonians
for Describing SOT Experiments

Nature 511, 449 (2014)
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Table 1 | Comparison of room-temperature ¢ and 65, for BiSes
with other materials

Parameter Bi,Ses Pt p-Ta Cu(Bi) p-wW
(this work) (ref. 4) (ref. 6) (ref. 23) (ref. 24)

f) 20-35 0.08 0.15 0.24 0.3

oe. 1.1-20 3.4 08 — 18

fy isdimensionless and the units for og,; are 10%/2e 0 Pm™ L,
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"Our findings have potential importance for
technology, in that the spin torque ratio for Bi,Se;
at room temperature is larger than that for
any previously measured spin current source
material. However, as noted above, for practical
applications the specific layer structure of our
devices (topological insulator/metallic magnet) does
not make good use of this high intrinsic efficiency
because most of the applied current is shunted
through the metallic magnet and does not contribute
to spin current generation within the topological
insulator. Applications will probably require coupling
topological insulators to insulating (or high-
resistivity) magnets so that the majority of the
current will flow in the topological insulator.”
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Trouble with Simplistic Hamiltonians for

Describing Spin-to-Charge Conversion Experiments

Nat. Comm. 4, 2944 (2013) Nature Phys. 12, 1027 (2016)
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This Talk in a Nutshell: W1y + Wey

TEN YEARS OF NATURE PHYSICS

Not trivial to realize

In 2009, two papers provided the first unambiguous examples of three-dimensional topological insulators — bulk
insulators boasting metallic surface states with massless Dirac electrons. These now form just one of many classes
of topological materials.

What is the electronic and spin
structure of interfacial states
and how they affect SOT?

Joel E. Moore

n alternately compelling and a

‘ s frustrating fact about condensed-
matter physics is that it takes place

in actual materials. However beautiful a

theoretical concept may be in the abstract,

its ultimate appeal is limited until a

material is found to realize it. Of course,

condensed-matter physicists are not the

only ones who live under the tyranny of

the periodic table; nuclear physics and

its interactions with society might have

1 much different history, for example,

if either fewer or more isotopes could
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Crash Course on Rashba SO Coupling
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Spin Density and Torque from Nonequilibrium

Green Function (NEGF) Formalism

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

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

7 . K . N
G;a"(t7 tl) - _ﬁ(ﬁ)(t - t,) <{Cr()'(t)7 Ci’g’ (t,)}> G;J'(t? t,) - ﬁ(ci’()"(t!)cra(t)> Mc;:y-BudyTheuryof

Quantum Systems
A lern Introducton

ANEGF for steady-state transport:

Gt t) — Gt —t) 15 G'(E) G<(t,t) — G<(t —t') 25 G<(F)
1 +0o0 ) 1 +00
Pea = —— | dEImG'"(E)f(E — EF) Pros — 52 j dE G<(E

LNEGF-based expression for spin-transfer torque:

SPIN 3, 1330002 (2013)

A h2V? S
H = - Vi 1% Vex — o - Bxc ==T=—=—|6,H
5+ Vii(r) + Vxe(r) + Vex(r) — o - Bxe(r) o = 5,10, H]
_ A T _ 3, Most general torque formula valid
T = Ir [PneqT] =T= /d rmneq(r) X 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)
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Spectral Function and Spin Textures on

the TI Side of TI/FM Heterostructures

Bi,Se; Lead Bi,Se; (6 QL) Co (3 ML) PRB 82, 195417 (2010) 2;
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ide of NM/TI/FM Heterostructures

Spectral Function and Spin Textures

onthe TI S

5626 (2017)

’

Nano Lett. 17

high 1x10°?

@

=-035¢eV

E

0.35eV

-E%= -

E

S

(h)

W o

0.2

0.1

—0.1

LV o

0eV

0_
Ep

E

Topological proximity effect

NQS 2017, Kyoto



Spectral Function and Spin Textures

onh the FM Side of TI/FM Heterostructures

Nano Lett. 17, 5626 (2017)
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Tunneling Anisotropic Maghetoresistance

(TAMR) as a Probe of Interfacial Spin Texture

Cu Lead Bi,Se; (6 QL)
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Adiabatic Expansion of NEGF Spits Out Expressions

for Torque, Pumping and Gilbert Damping

G(E,t) ~ Gy+i(0G;/0E)(0U,;/0t)Gy

ZE L 2L 6U 1
G<(t,t) =~ /‘—[G(E,t)—G'(E,t)}f+¢ > fleVaGiIoG] +if'Gi—G]
27 ot
a=L,R
1 <
plt) = -G>(t¢)
TO‘B(E) = Tr _I‘aGtI‘gGﬂcharge current
Tai(E) = Ir -lmaiGII‘aGt] spin torque
Tia(E) = Tr -lmUiGtI‘aGI] charge pumping

g - Gilbert damping
T9(E) = Tr|lnoi(Gl — G)1,0,(Gi— G))

PRB 95, 113419 (2016)

Poo = de(fL _ fR)[GI‘LGT _ GTI‘LG _ GI‘RGT + GTI‘RG]/87T gives antidamping STT
or field-like SOT

+

oo = /dE(fL — frR)I[GTG" + G'T1G — GTgG' — G'TRG|/87 gives field-like STT or
p + antidamping SOT

Pee = de(fL + fr)[—ImG]/27 contains both equilibrium (should be

+ subtracted) and nonequilibrium contributions SPTN 3, 1330002 (2013)

Poo = 0
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Spatial Profile of Antidamping SOT in TL/FI

Heterostructures and the Role of Evanescent States
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LLG Sumula‘rlons of Magnetization Reversal

Diagram for TI/FI Bilayer
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Exact Rotating Frame Approach to

Spin Pumping in the Absence of Spin Flips

PRB 79, 054424 (2009)
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Quantized Spin and Charge Pumping

Due to Spm -Momentum Locking in 2D TIs
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How to Create 2D TI with Exposed Surface

Nano Lett. 14, 3779 (2014) PRB 93, 155104 (2016)
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Spin Pumping-to-Charge Conversion
in TL/FM Heterostructures
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Conclusions and Open Questions

in Pictures

Open questions: g
> computationally
efficient ab initio
calculations of SOT in
arbitrary geometry
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