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Finite element mesh:
10340 nodes
55076 elements
discretization length: 1 nm
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Introduction
High density magnetic storage media require tight control of the grain size, grain size distribution, chemical composition, and microstructure to ensure
the thermal stability of the bits and keep the media noise low. However, as the areal density increases, the grain size and the magnetic switching volume
decreases. In order to maintain the stability materials with higher uniaxial anisotropy than the common CoCrPt alloys are required. FePt thin films and
self assembled nanoparticles [1] are promising candidates for high density magnetic storage media. Their magnetocrystalline anisotropy is 50-100
times larger than in CoPtCr media alloys which may allow areal densities in the Tbit/in2 regime [2]. 

[1] B. Bian, D. Laughlin, K. Sato, Y. Hirotsu, J. Appl. Phys. 87, 2000, 6962
[2] T. Shima, K. Takanashi, Y. K. Takahashi, K. Hono, Appl. Phys. Lett. 81 (2002) 1050-1052.
[3] D. Weller, A. Moser, L. Folks, M. Best, W. Lee, M. Toney, M. Schwickert, J. Thiele, and
M. Doerner, “High Ku Materials Approach to 100Gbits/in²”, IEEE Transactions on Magnetics, 36
(2000) 10-15.

Experiments

Work supported by EU project HIDEMAR GRD1-2001-40316 and the Austrian Science Fund project P14899-PHY.

Numerical Micromagnetic Simulation of
Fe-Pt Nanoparticles with Multiple Easy Axes
W. Scholz, J. Fidler, T. Schrefl, D. Suess, H. Forster, R. Dittrich, V. Tsiantos

Institute of Solid State Physics, Vienna University of Technology, Austria

Finite Element Model

Stoner-Wohlfahrth Behavior Demagnetizing Field

http://magnet.atp.tuwien.ac.atICM 2003, Rome, Italy, July 27 - Aug. 1, 2003

Switching fields Particle Size Dependence

Modelling of Surface Anisotropy

Shima et al. have measured coercivities of up to 40 kOe (3200 kA/m)
for FePt thin films with strongly faceted islands, which agree well with
our simulations. In very small FePt nanoparticles of approximately
20 nm diameter Bian et al. have found regions with different easy axes
and measured coercivities of 4.4 kOe. Our simulations have shown a
similar reduction in coercivity depending on the particle size and distri-
bution of easy axes.

Influence of Surface Anisotropy

Summary
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Assumptions:
FePt oxidized on surface:
FeO, Fe2O3, Fe3O4
In plane surface anisotropy (easy plane)
K1 = -1.1e4 J/m3

Js=0.5 T
A=1.32e-11 J/m

a=30 nm
Vint=30000 nm3

Vsurf=16000 nm3

a=30 nm
Vint=17000 nm3

Vsurf=29000 nm3

The coercivity varies very little with the distribution of anisotropy axes.
A single misaligned section is sufficient to reduce the coercive field
from the anisotropy field of 11 MA/m to around 3300 kA/m.

An FePt nanoparticle with a single magnetocrystalline anisotropy axis
behaves like a Stoner-Wohlfarth particle. The demagnetizing field has
very little influence since the anisotropy field is very high.

Bian et al. [1] have fabricated thin films of FePt nanoparticles using
electron beam evaporation. Their TEM image (left) shows an ordered
FePt particle with regions with perpendicular anisotropy axes. They
measured a coercivity of 4.4 kOe (350 kA/m). Shima et al. [2] have
measured more than 40 kOe for FePt thin films grown on MgO (right).

For particle edge length a < 7 nm coercivity
is strongly reduced. For the “6 easy axes”
distribution 2:2:2(b) it drops to 600 kA/m.

For uniaxial particles, the co-
ercivity approaches the SW
limit for decreasing particle
size, if the thickness of the
surface shell is scaled down,
too.
The coercivity of FePt nano-
particles with multiple easy
axes is further reduced by the
effect of surface anisotropy
and strongly influenced by the
thickness of the surface shell.


