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Ab initio calculations 



Green function method
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• Kohn-Sham equation

• Green’s function

• Dyson equation

N scaling!



The power of Green functions
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Tunneling magnetoresistance 
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TMR =(gP - gAP)/ (gP+gAP)

TMR

Tunneling magnetoresistance
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Ab initio calculation – coherent limit
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High quality MgO barriers
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Courtesy of S. Yuasa

Development of the TMR effect
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> 400 %



amorphous CoFeB

S. Parkin, MRS Bulletin  31, 389 (2006) as depoited:
after annealing:

60%
350%

TMR ratio

amorphous Fe electrodes
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Febcc

free electron-like
reservoir
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free electron like
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. . . . . .

Role of the electrodes
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MgO
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Δ1majority electrons

Δ1minority electrons
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after annealing: 350%570%
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Δ1majority electrons

Δ5minority electrons
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Δ1majority electrons Δ5

Δ5minority electrons

C. Heiliger et al., Phys. Rev. Lett. 99, 066804 (2007)
M. Gradhand et al., Phys. Rev. B 77, 134403 (2008)



Amorphous versus free electron like electrodes
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Multiferroic interfaces 
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Multiferroic interfaces

Magnetic layer

Ferroelectric oxide 
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M

BaTiO3



Magnetoelectric coupling
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One monolayer of Fe on BaTiO3

δ = z(O) – z(Kation)
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Magnetic order of Fe on BaTiO3

ferromagnetic
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Charge transfer from Fe to Ti under switching
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Δq = 0.56 e

ΔM = 0.13 μB

Change of charge 
on the Fe layer:

Pup Pdown

M. Fechner et al., PRB 78, 212406 (2008)



Charge transfer from Ti to Fe

Kyoto January 23, 2009

Ti

Fe Fe

Ti
Pup  - Pdown



Magnetic order in the Fe layer on BaTiO3
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Tc = 205 K

Fe2ML
Ba 2.38 μB

Fe1ML     0.37 μB

Fe2ML
Ti -2.71 μB

Pup Pdown

Fe2ML
Ba 2.18 μB

Fe1ML     0.33 μB

Fe2ML
Ti -2.36 μB

antiferrimagnetic

Structure:

Fe in plane 2.79
Fe between planes 1.1 

M. Fechner et al., PRB 78, 212406 (2008)



Magnetic order in the Fe layer on BaTiO3
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Pup

Pdown

Magnetoelectric coefficient:



Magnetic order in the Fe layer on BaTiO3
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Magnetic molecules 
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Organometallic benzene-vanadium wires
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K. Miyajima, et al. Eur. Phys. J. D 34 177 (2005)
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ferromagnetic half-metallic

W. Maslyuk et al. PRL 97, 097201(2006)
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Charge density Spin density

W. Maslyuk et al. PRL 97, 097201(2006)

Organometallic benzene-vanadium wires



Stretching
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Low spin - high spin transition
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Low spin - high spin transition
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Transport through the molecule 
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Transport through VnBzn+1 between Co(100) electrodes
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Summary
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• Tunneling current  and TMR effect are 
tailored by the interface between oxide 
barrier and first layer of the electrodes!

• Ferroelectricity changes at the surface!

• We predict magnetoelectric coupling via the 
interface caused by charge transfer!

• Organometallic contacts show pronounced 
spin-dependent transport 
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