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P.A.M. Dirac

Dirac equation

Electron should have “spin.”

(1928)
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Ferromagnetism
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Faraday effect---Maxwell Equation (1865)

Faraday’s law:

. do (1831)

M. Faraday
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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:
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Boundary condition
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Methods
First principles approach to spin transfer torques
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First principles approach to spin transfer torques
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Perpendicular Magnetized CoNi film
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Co|Ni interface




Interface resistance for

Co|Ni(111)
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Spin transfter nanocontact
osclillator devices(STNO)

T LLG equation
.




g factor [1] G factor
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reduced torque <

Reduced torque

A=1.5

L. =hlP.Az(OD) /4 Ae.

1 025 05

1.0 A=1.52

4

J.C. Slonczewski (2002)



1.0




Cu/Co/Cu/(Co,Ni,):Co/Cu

Reduced torque

(0)= 10)/100) = :f

(¢/1)

max

Experiment A =1 §

0 (Co,Ni).Co

0




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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LLG equation in the presence of spin current 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
| consider there is only
l/ 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).
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Spin Current in the Presence of

Andreev Reflection
Linear Response & Circuit Theory



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

Sample A,C
Superconductor
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Temperature Dependence of Gilbert
Damping Enhancement
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Temperature Dependence of Gilbert
Damping Enhancement
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Metallic nanopillars (Fukushima et al., 2005)

L. Gravier et al. (2005).




R R R R IS _:,J_| _

vz
Z

=T#T-=|.'_'I—‘._..|-I.|I'. .-..l'..-.-.--l-uu-. 'l BN ETET ] RF AT ST ETE ArETETETRS R RTINS A
50 40 -30 20 -10 0O 10 20 30 40
Layer Index




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 cal§ilated and measured
accurately.

Computational Material Science

The End



	Materials dependence of the spin-transfer torques on DW
	Faraday effect---Maxwell Equation (1865)　　　
	Circuit theory(Batraas2001)
	First principles approach to spin transfer torques
	Co|Ni interface 
	Interface resistance for Co|Ni(111)
	substrate|Ta(3)|Cu(15)|Co90Fe10(20) |Cu(4.5)|[Co(0.2)|Ni(0.4)]x5|Co(0.3)|Cu(3)|Ta(3) 
	Spin transfter nanocontact oscillator devices(STNO)
	Reduced torque
	Cu/Co/Cu/(Co1Ni2)5Co/Cu�
	Gilbert Damping In the Presence of Andreev Reflection �
	Spin Current Induced Dynamics
	Spin Dependent Scattering Matrix
	F/N Spin Pump
	Effective Damping Enhancement
	Spin Pump at F/S Contacts
	F/N/S Interface Approach
	Spin Current in the Presence of� Andreev Reflection
	Spin current and Damping
	Charge Conductance Spectrum
	多重散射公式
	Mixing Conductance Spectrum
	 
	Temperature Dependence of Gilbert Damping Enhancement
	Temperature Dependence of Gilbert Damping Enhancement
	Model
	First-principles spin-transfer torque
	Bias- and temperature-STT
	Peltier and Seebeck coefficients
	Messages

