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P.A.M. Dirac

Dirac equation

Electron should have “spin.”

(1928)

L

electron

Spin: =h/2

Charge: e

Orbit




Ferromagnetism

-
-
-

i
> > >
- >
> > >

L. Thomas et al.,
IEH 48 Y4 )m AR )R (2000).


http://upload.wikimedia.org/wikipedia/commons/3/3d/Ferromagnetic_ordering.svg

Faraday effect---Maxwell Equation (1865)

Faraday’s law:

— dod (1831)
& = dt
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Schematic of exchange torque
generated by spin-filtering
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Spin-transfer torques effects (1999)
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Current-driven domain wall motion:

current ( J.)
-

conduction Domain Wall

¢

localized moment (S)

electron (s)

Write Reading
pulse Writing



C | rC U |t th e O ry(BatraaSZOOl)

Boundary condition

/ fC fS T Charge current Il — |2

FZ Spin current

Islz Isz

—]

N
: 1 J

Charge accumulation fC

’ f Spin accumulation ~S
1
F, N \ - in-plane 7 =—(I, —1I,-m,)
torque ~

Current and spin current for F,;/N
Li = (G'+GY) (FF = ) my

I = (GT + Gl) (ffl - ffv) + (2ReGM —GT -G m; -sfNmy
i (GT _ Gl) (ffl —mj - SfN) —2ReGMsfN + 2ImG™ f¥m; x s

J S



Methods

First principles approach to spin transfer torques
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eFirst-principles tight-binding LMTO
*Green function method for layered systems.
eLarge system with the number of atoms > 1000

Spin current:
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Spin torque on atom R:
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S Wang , Y Xu, Ke Xia, (2008).



First principles approach to spin transfer torques
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Perpendicular Magnetized CoNi film
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Co|NiI Interface
Co Ni P

lattice constants Configuration AR(maj.) AR(min.) Gamma

Co(3.549) P 0.0147  0.7251  0.9604
AP 11585 2.1302  0.2955
Ni(3.524) p 0.0242  0.7276  0.9357
AP 11927  2.0679  0.2684
(Co+Ni)/2 p 0.0187  0.7310  0.9502

AP 1.1567 2.1054  0.2908




Interface resistance for

Co|Ni(111)
] G AR -AR,
ARunit f () 'm T AR, AR,
Lattice | AR(maj.)| AR(min.) | Gamma
constant
Co 3'53 0.014664 | 0.725067 | 0.960353
Ni 3'52 0.0241504 0.727603 0.935749
. .| 3.53
/2(Co+Ni)| ©°7 | 0.0186835 | 0.730984 | 0.950155
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substrate|Ta(3)|Cu(15)|Cogy,Fe,,(20)
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Spin transfter nanocontact
osclillator devices(STNO)
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g factor [1]
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G factor can be enhanced by
disorder effect.

J.C.Slonczewski (1996)
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reduced torque <

Reduced torque

A = 1 5 Torques

L = hIP, Ax(0)/4Ae
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Magnetization trajectories from the single
domain simulations for several current values.
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Cu/Co/Cu/(Co,Ni,):Co/Cu

Reduced torque
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Gilbert Damping In the Presence of Andreev Reflection



Spin Current Induced Dynamics
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Spin Dependent Scattering Matrix
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F/N Spin Pump
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Effective Damping Enhancement
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Spin Pump at F/S Contacts
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F/N/S Interface Approach

At N|S interface we
1} consider there is only
/ Andreev reflection.
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We are interested in wave
functions in the F layer

C.W.J. Beenakker, Rev. Mod. Phys. 69, 731 (1997).
K. Xia et al., PRL89, 166603(2002)



Spin Current in the Presence of

Andreev Reflection
Linear Response & Circuit Theory
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For Precession Induced Pumping
X (t)= & (t) the precession angle



Spin current and Damping
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Mixing Conductance and Andreev Reflection
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Charge Conductance Spectrum
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Mixing Conductance Spectrum
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Temperature Dependence of Gilbert Damping

Sample A,C
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Sample B

Non-superconductor
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Temperature Dependence of Gilbert
Damping Enhancement
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Temperature Dependence of Gilbert
Damping Enhancement

FMR Experiment
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When Normal metal in F/N interface becomes superconducting, spin
pump induced damping decreases, i.e. A a <0



Metallic nanopillars (Fukushima et al., 2005)
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First-principles spin-transfer torgue
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Bias- and temperature-STT
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Peltier and Seebeck coefficients
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Messages

Spin-dependent transport properties of interfaces govern many
= magnetoelectronic phenomena.

Agreement between interface-dominated transport properties calculated by first
principles and the isotropy assumption with experimental values is (semi)-
guantitative for itinerant systems like transition metals.

Mixing conductance and spin-torque can be calculated and measured
. accurately.

Computational Materials Science

The End
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