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Micromagnetic simulation of magnetization reversal in small particles
with surface anisotropy
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In order to study the effect of surface anisotropy, we have developed a three-dimensional finite
element micromagnetic model. The finite element mesh of the particles is split into a core region
with bulk properties and a surface regigshell) of variable thickness with modified material
parameters. We have studied the magnetization reversal in FePt nanoparticles. The effect of surface
anisotropy strongly reduces their coercivity. An Fe—oxide shell with low anisotropy in the plane of
the surface has been considered as well as surface anisotropy with high anisotropy constants and
axis orientation perpendicular to the surface.2004 American Institute of Physics.
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I. INTRODUCTION ration polarization, andh the exchange constant. The par-

High density magnetic storage media require tight Con_'ucle has been split into six different partaccording to its

trol of the grain size, grain size distribution, chemical Com_hexagonal shapan which the orientation of anisotropy axes

position, and microstructure to ensure the thermal stability o as been varied. In addition a surface shell of variable thick-

the bits and keep the media noise low. However, as the are%ﬁi}s ditgosgggl% tZﬁiggtrrEi)Of thFei F:J?glcllesniivge:: (;)e(fllnoedde;o
density increases, the grain size and the magnetic switchin\% Py- H9 P
ew of the model.

volume need to decrease and the surface to volume ratio . L
increases. Thus. surface effects become more and more im- 1 1€ influence of the magnetostatic field has been shown
portant fo.r the p'roperties of magnetic nanoparticles 'PO be negligiblé (as compared to the anisotropy figldnd

' has been omitted in all simulations, since the nucleation field

In order to maintain the stability materials with higher . L Ty
uniaxial anisotropy than the common CoCrPt alloys are re_(|.e. the coercive field of these particlas reduced by less

0,
quired. FePt thin filmsand self assembled nanopartiélase than 5%.
promising candidates for high density magnetic storage
media®* Their magnetocrystalline anisotropy is 50—100 V. OXIDIZED SURFACE SHELL

times larger than in CoCrPt media alloys which may allow  the magnetic properties of the surface of FePt nanopar-
areal densities in the Thitfrregime. ticles can be altered by oxidation. & and other oxidation

states have been found by near edge x-ray absorption fine
Il. THE FINITE ELEMENT MODEL

The numerical computer simulations have been carried
out using a three dimensional hybrid finite element/boundary
element micromagnetic codleith a magnetic scalar poten-
tial for the calculation of the demagnetizing field and a lim-
ited memory variable metric algorithm{quasi-Newton
method for minimization of the total enerdy’ The total
energy consists of the contributions from the magnetocrys-
talline anisotropy energy, exchange, magnetostatic, and Zee- ‘
man energy. 4, g ?'«\
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Ill. POLYCRYSTALLINE FePt NANOPARTICLES

We have assumed a simple geometry with a hexagonal

RS

. . . . IR
basis and a particle diameter between 15 and 120 nm with Saosene

RaEes
R

constant aspect rati@diameter/heightof 3. The following
material parameters for FePt have been assuffied;,
_ _ —_1n0-11
=7.7 MJIIn?, Js=1.43 T, andA=10"* J/m, whereKy de-  gig. 1. Exploded view of the finite element model of a FePt nanoparticle
notes the magnetocrystalline anisotropy constiythe satu-  with hexagonal basis, six inner parts, and eight surface parts. The big arrows
indicate the anisotropy axes of the inner parts in the “2:2:2” configuration
and the smaller arrows indicate those for the surface gpbetpendicular to
dAuthor to whom correspondence should be addressed; electronic maithe surfacg The roughness on the interior interfaces is caused by the struc-
werner.scholz@tuwien.ac.dittp://magnet.atp.tuwien.ac.at/schplz/ ture of the finite element mesh.
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FIG. 2. Coercivity (in units of the anisotropy fieldH ,,=2K, /Js) as a
function of particle diameter for a particle with a single anisotropy axis and
reduced surface anisotropy{Fe;O, material parameters with in-plane an-
isotropy). The anisotropy axes in all six core parts are parallel tazthgis;
“SW" indicates the switching field of a Stoner—Wohlfarth particle for an
external field applied at 3° from the anisotropy ax§&-s8 stands for the
thickness of the surface shell as given in Table I.

FIG. 3. Coercivity as a function of particle diameter for different thick-
nesses of the surface shedl0( gives the results without an oxide sheh
polycrystalline particle with 2:2:2 configuration of the magnetocrystalline
anisotropy axes has been assunfefd Fig. 1).

V. SURFACE ANISOTROPY

If we assume strong surface anisotropy for FePt

structure spectroscopf/; 2 which indicates oxide shells of Nanoparticles; effective anisotropy values as high sy
~0.4 nm around FePt nanoparticles measuring 4—6 nm i Ks/t=46.2 MJ/ni may arise in the surface shell, where
diameter. indicates its thickness. This corresponds to a r#tig/Ky
Therefore, the properties of-Fe;0, have been as- =_6. As a result, we fir_1d a strongly dist_urb_ed magnetization
sumed for the surface shell surrounding the FePt ckre: distribution as shown in Fig. 4 for a uniaxial FePt nanopar-

= —0.011 MJ/ni J.=0.5 T, andA=1.32X 10~ 3/m. ticle with a diameter of 45 nm and a surface layer thickness
Figure 2 shows the coercive field of a uniaxial particle ©f 1-5 nm. _ o
with s2 surface configuratiofcf. Table ) with in-plane an- The influence of the surface anisotropy on the coercivity

isotropy in each facet. The external field is applied at arPf Uniaxial FePt nanoparticles is shown in Fig. 5. For small
angle of 3° with respect to the anisotropy aighich is particle S|zes(but_s_tlll large as compared to the e>.<change
parallel to the sixfold symmetry ajisAs the particle size is €ngth the coercivity approaches the nucleation field, be-
reduced the thickness of the soft oxide shell is scaled dowfR2Use the thickness of the shell is on the order or below the
and its influence diminishes, which makes the coercivitydomain wall thickness. As the particle sizand the shell
converge to the Stoner—Wohlfarth limit. thicknes$ increase, the coercivity is reduced by 50%. The
The oxide on the surface makes the nucleation proceé:i,isorder in the magnetization distribution on the surface of
easier due to its reduced anisotropy. As a result, the coercih® particle facilitates the nucleation process and reduces the
ity is considerably reduced as compared to the StonerLoercivity. For large particles the reduced coercity remains
Wohlfarth result. For very small particles the surface shell is
very thin and it cannot support the nucleation process effec-

tively. As the size of the particle is scaled up, the thickness o . \\ N/
its surface shell increases in our model, too. This makes th o oA 20
nucleation process easier and reduces the coercivity. KA RN dcoono00acain , /1A A
If misaligned anisotropy axes are introduced, as indi- “% UGS 0L ot A7

x‘b}, » F a4
cated in Fig. 1, the coercivity is strongly reduck@his is <« 459900000000 000 B

.
due to the fact that the misaligned parts create 90° domaj<=<—~" " 2222 a2oaeaooesn- " 0"
walls at their interfaces. Thus, the magnetization reverse. . _ . . - 5000 ¢
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mechanism changes from nucleati@ar single crystalsto e O “

domain wall pinning. The oxide shell contributes to this ef- _L . il

fect and leads to a further reduction, as shown in Fig. 3. Ir ST

single crystals the oxide shell provides the nucleation site h=pea s ¥ R Ll o i Wi

whereas in the case of multiple easy axes it supports th P 5000000000000 CD0 000 B

domain wall depinning from the interface. This gives rise to AP P OONOEPONIERNIDORDOPE N

the maximum of the coercivity as a function of the particle gt P b g it ‘

size as shown in Fig. 1. o 90009 POOOO DD T
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TABLE I. Thicknessts and volume of the surface shéll, in comparison s : t _ \: :“"

with the core volumé/ . for a particle diameter of 60 nm.

SymbOI ts (nm) Vshell (nm3) Vcore (nm3) VsheII/Vcore . . . . ..
FIG. 4. Remanent magnetization configuration of a uniaxial FePt nanopar-

s2 1 8000 38000 0.21 ticle with a diameter of 45 nm with effective surface anisotrdfy; /Ky
s4 2 16 000 30000 0.53 =6 and a surface layer thickness of 1.5 nm. The arrows indicate the mag-
s8 4 29 000 17 000 1.71 netization distribution in a cut plane parallel to the hexagonal faces through

the center of the particle.
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isotropy perpendicular to the surface facilitates the nucle-
ation and magnetization reversal, which leads to a similar

1

0.8}
o6k reduction of the coercivity.
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