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Microscopic origin of magnetic anisotropﬂyI
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This depends on the arrangement of magnetic
atoms, not so depend on electric field.

Electronic structure contribution

perturbation of spin-orbit interaction,
MA appears from an anisotropy of orbitals

It is important to see the behavior of each angular orbitals.
Anisotropic occupation of electrons leads to MA.



Spin-orbit interaction
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Origin of MAE in electronic structure

*spin-orbit coupling contribution from band electrons matrix element
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(magnetism in nano-scaled systems) has been studied extensively.
FePt alloys are a promising magnetic material for ultra high density recording
media due to their large perpendicular magnetic anisotropy energy (MAE).

nano-scale structure v.s. magnetic anisotropy

Co atoms p; terrace

Cheng et al.,
2005

Co nano-wire on Pt(997) surface.
P. Gambardella et.al, Nature 416 (2002) 301.
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'STM Fe 0.15ML on Pt(997)
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Fe atomic layer on Au(788) surface
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Fe Covarage << 0.07 ~0.07 < Fa Coverage < ~0.3
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~0.3 = Fe Coverage < ~0.6 ~0.6 < Fe Coverage
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PRB 78, 11548 (2008)
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The magnetic easy axis has
a perpendicular component.
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Fujisawa et al.,

PRB 75, 245423 (2007)
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Toward electric field assisted magnetization reversal,
there are some pioneering works on magnetic state

control by eIectrlc field
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Weisheit et al., Science 315, 349 (2007)

Chiba et. al.,
Nature. 455,
515 (2008).
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Recent works on the electric field effect of magnetic anisotropy energy
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M. Endo et. al., APL 96, 212503 (2010)
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Electric field effect of magnetic anisotropy energy

M. Weisheit, S. Fahler, A. Marty, Y. Souche, C. Poinsignon, and D. Givord, Science 315, 349 (2007)
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chains Fe-chain/Pt(111) and Fe-chain/Pt(664)

Rashba effect



MAE of Fe-chain/Pt(664) surface
-3.23 meV/Fe -2.25 meV/Fe 1.19 meV/Fe

parallel to
the chain

bare .
Fe-chain Fe-chain/Pt(111) Fe-chain/Pt(664)

perpendicular to the chain
hybridization of 3d orbitals between Fe

and Pt atoms
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Inverse of EF effects: Pd/Fe/Pd(001),
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S. Haraguchi, M. Tsujikawa, J. Gotou, and TO,  exp.) Bonell et al., APL.
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J. Phys. D: AppI. Phys., 44 (2011) 064005. 8, 232510 (2011) Weisheit et. al., Science 315, 349 (2007)



Magnetic moments (in yg)

Pt/Fe/Pt(001)
Spin l ESM ‘
M(Vom™) Total Fe M(c) M(1) M(2)
Pd(0) [001] 4917 3266 0326 0344  0.189
[100] 4920 3.266  0.328 0344  0.189 M(c)
Pd(9.6) [001] 0.010 0.002  0.008 —0.001 0.001
[100] 0.012 0.002  0.008 —0.001 0.001 M 1
Pt(0) [001] 3.807 3234 0336 0269  0.024 ( ) ® ﬂ /"
[100] 3.777 3239  0.341 0.270  0.015 M(2)
Pt(4.7) [001] —0.003 0.000 0.004 —0.001 —0.001
[100] —0.003 0001 0004 —0002 —0.001 '{_,‘{_ P
Orbital i
L
Fe M(c) M(1) M(2)
Pd(0)  [001] 0.050 0.027  0.029 0.021
[100] 0.045 0.040  0.034 0.020
Pd(9.6) [001] —0.001 0.000  0.000 0.000
[100] 0.001 0.002  0.000 0.000
Pt(0) [001] 0.037 0.056  0.038 0.003
[100] 0.034 0.098  0.048 0.005
Pt(4.7) [001] —0.001 0.000  0.000 0.000 S. Haraguchi, et al.,
[100] 0.001  0.001 —0.001 0.000 JPDAP, 44 (2011) 064005.

Pd/Fe/Pd(001)
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