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Spin Hall effect
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Spin Hall effect >

anomalous Hall effect M=0 (Hirsch 1999)
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Origin of the spin Hall effect \

intrinsic spin Hall effect skew scattering side jump

Berry curvature €2 causes

anomalous velocity v,

k k
Sinova 2005;
Guo 2005; Guo 2008;... Smit 1955/58; Berger 1970/72; Crepieux 2001

Nagaosa, Sinova et al., Rev. Mod. Phys. 82, 1539 (2010)



Measurement
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Experimental results: Spin Hall angle
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a=0g /0

Al: S.0. Valenzuela

and M. Tinkham, Nature Letters 0.0002

2006
Cu: T. Kimura et al., PRL 2007 0.0002
Cu(lr): Y. Niimi, PRL 2011 -0.026
Cu(Bi): Y. Niimi, PRL 2012 0.24
Pt: M. Morota et al., PRB 20011 0.02
Au: T. Seki et al., Nature Materials 2008 0.1

L. Vila et al., PRL 2007 0.002
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Intrinsic spin Hall effect
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Skew scattering contribution
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Skew scattering 456

v
left-right asymmetry of the scattering process with respect to the spin state

of the electron

minority electron majority electron

A 4

But: Spin-orbit coupling in the host — spin-mixed wavefunctions
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Microscopic scattering probability

P = 2mcqN| T |28 (Ey, — Eg)
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Relaxation time \
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Spin-relaxation time of dilute Cu alloys
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P. Monod and S. Schultz, J. Phys. 43, 393 (1982)



Linearized Boltzmann equation

A"(k) =1 VP + 3 PIPA™ (K)
k'n/ |

AT = (D T+ ) T v PEFA+ () + Pt A= ()

DK [

A1) = () 4 (D7) v e S [P A0 + P AT (W)

Scattering-in term (vertex corrections)
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Asymmetry of the microscopic transition probability 47‘5
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M. Gradhand et al., PRL 104, 186403 (2010)



Linearized Boltzmann equation

A"(k) =1 VP + 3 PIPA™ (K)

k'n/
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Scattering-in term (vertex corrections)
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Spin anisotropy of the vector mean free path
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Spin anisotropy of the vector mean free path
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Conductivities \

Charge conductivity:

oc=0t+o = (Qw)g S [ dS Vi o A (k)

|Vk|

Spin conductivity:

Os, = Q"’ — T = (2673)3 %:ff d,]rg O An(k)

Spin polarization: 8% (k) = < Z|ﬁaz| ¢Z>

F. Pientka et al., PRB 86, 054413 (2012)
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Spin character of Cu states
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Conductivity of dilute Au alloys
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Searching for optimal material \

spin diffusion length
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Boltzmann versus Kubo 4“}‘
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Signatures of the optimal material

Skew-scattering contribution:
Low impurity concentration

« Large difference of spin-orbit interaction
between host and impurity

 Reduction by interband transitions

« Single-sheeted Fermi surfaces
Intrinsic contribution:

« Enhancement by interband transitions

. Multi-sheeted Fermi surface
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Spin Hall effect in ultrathin films

C. Herschbach, M. Gradhand, D.V. Fedorov, and |. M., Phys. Rev. B 85, 195133 (2012)
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Spin Hall angle of Au(111) films with Pt impurities 4§v§
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Spin Hall angle of Au(111) films with Pt impurities 4§v§
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Spin Hall angle of Au(111) films with Pt impurities 4§v§
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Spin Hall angle of Au(111) films with Bi impurities 4§v§
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Energy dependence

(111) (001)

a«-e- o —e= o, -m- [b)
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Energy dependence of 6** without soc

(0} _.— ! ! ' (])l 2) LD()S """ ' '

XX

0.8 oxxnos()(‘ . = 1 (b ) LDOS e _
o a ‘l.'ivmmvvv ﬁ

OXX

Santa Barbara October 03, 2013



Strain-enhanced spin Hall angle
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Influence of quantum confinement

Quantum confinement:

*  Modulation of the absolute values
 Possible reversal of sign by adatoms
« Gigantic effect in one-monolayer films
 Role of the longitudinal conductivity

«  Strain-enhanced spin Hall angle
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