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Wall pinning effects with self-induced spatially varying uniaxial anisotropy in various thick films

have been studied using micromagnetic simulation based on the Landau-Lifshitz—Gilbert equation.
In the simulation, the discretization region is in the cross section normal to the film plane. It is

clarified that the wall structure is strongly related to pinning characteristics. Depinning fields of the -

wall having a flux-closure asymmetric vortex (C-shaped wall) are different in the wall movement
directions due to the asymmetnc wall structure. On the other hand, depinning fields of the wall with
two vortices (S=shaped wall) which have a symmetric structure do not depend on the wall movement
direction. Depinning fields for the S-shaped wall are different from both depinning fields for the

C-shaped wall. © 2003 American Institute of Physics. [DOL 10.1063/ 1.1560703]

L INTRODUCTION

It is well known that amorphous ribbons annealed in a
demagnetized state exhibit magnetization reversal with large
Barkhausen discontinuities due to the domain wall pinning.
The mechanism for the wall pinning is self-induced anisot-
ropy during annealing by the domain wall itself.! Kerr mi-
troscope observation revealed the pinned wall broadening
and magnetization reversal process in a Perminvar-type
loop.23 Theoretical analysis and micromagnetic simulation
on self-induced anisotropy effects on domain wall within a
one-dimensional approximation was also performed.** How-
tver, the domain wall behaviors with self-induced  aniso-
topy, which plays an important role for magnetic properties,
has not been clarified well since the domain wall contains
Néel caps and Bloch wall in thin films.® Magnetization
Vithin the wall, therefore, rotates along the film thickness
:dlrectlon as well as the direction normal to the wall plane.
‘We have done the micromagnetic simulation based on the
.Landau——Llfshltz—Gllbert (LLG) equation assuming the cross
Section normal to the film plane and studied on domain wall
behaviors such as wall broadening and wall pinning with
sl"itléllly varying uniaxial anisotropy.’ In this article, we in-
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" vestigate the influence of domain wall structures on - wall

pinning characteristics with spatially varymg uniaxial anisot-
ropy in various thick films.

II. SIMULATION MODEL

Numerical simulations were carried out by integrating
the LLG equation.® The cross section normal to the film
plane was discretized into a two-dimerfsional array. Self-
induced anisotropy was modeled as follows: first, with the
uniform easy axis set normal to the calculation region, the
domain wall profile was calculated. Next, after relaxation,
with the easy axis direction set to be the same as the mag-
netization direction, the domain wall profile was recalcu-
lated. This procedure was iterated when wall broadening was

investigated. The material parameters used in the simulation

were as follows: saturation induction 4 7M ;=8000 Gauss,
uniaxial anisotropy constant K,=3800 erg/cm®, exchange
constant A=10"° erg/cm, and gyromagnetic ratio y=1.76
X107 erg/(s Oe). The damping constant a= 1.0 was chosen
to speed up the computation. The grid element spacings were
50 A for the film thickness £=0.15 um, 100 A for A=0.3
and 0.5 um, and 150 A for h=0.8 wm, respectively.

IIl. RESULTS AND DISCUSSION

Figure- 1 shows magnetic configuration and energy

curves of a domain wall part of the calculation region, hav-

© 2003 American institute of Physics
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FIG. 1. Simulation results of magnetization configuration and wall energy
curve (solid line) for an asymmetric Bloch wall (C-shaped wall) in a 0.8 um

thick film (a) easy axis along x; (b) with the easy axis profile set to the -
domain wall profile. The wall energy componénts of anisotropy (dotted), .
demagnetization (dashed), and exchange (dotted—dashed) are also indicated.

ing a flux-closure asymmetric vortex (C-shaped wall), in a
0.8 um thick film (a) with the uniform easy axis set normal
to the calculation region (x-direction); (b) with the easy axis
profile set to the domain wall profile. The arrows in the fig-
ures represent the magnetization directions for every fourth
(4 X4) grid element. Energies are averaged through the film
thickness and normalized by the peak of the wall energy in
Fig. 1(a). The magnetization rotation in Fig. 1(b) becomes
more gradual not only along the direction normal to the wall
plane (y-direction) but also along the film thickness direction
(z-direction). Reflecting the magnetization: configuration, the
wall energy curves show an asymmetric shape. The slope of
the energy curves are steeper at the left side of the Bloch
wall in the center of film ﬂ1ickn¢ss, that is, the vortex side.

* Comparing the wall energy components in Figs. 1(a) and.

1(b), the anisotropy energy drastically dropped, which oc-
curred at the first iteration of an easy axis profile set to"the
domain wall profile. The exchange energy also decreased

monotonically with the repeated iteration, while the demag-

netization energy variation was small.” Positive and negative
magnetic fields were applied along the magnetic domain to
investigate the pinning characteristics. When the positive
magnetic fields were applied, the wall moved to the right-
hand side of Fig. 1. The time transient of the -orthogonal
component of an effective field is used for determining the
depinning field.® Depinning fields as a function of film thick-

ness are shown in Fig. 2. It was confirmed that, in the 0.15
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FIG. 2. Depinning fields of thé C-shaped wall as a function of film thickness
for positive and negative magnetic fields.

pm thick film, depinning fields for a= 1.0 were the same as,
those for @=0.1. As shown in Fig. 2, depinning fields are
different in the wall movement direction for various thick
films due to the asymmetric wall structure, which causes the
asymmetric energy profile as shown in Fig. 1. The depinning
fields for both the positive and negative -applied fields de-
crease with increasing film thickness and tend to saturate,
The depinning fields for #=0.8 um are 0.54 Hy and 0.57 H,
(H,=2 K/M) for the positive and negative applied fields,
respectively. These values ‘are similar to the numerically ob-
tained depinning field of 0.55 H, within the one-diménsional
approximation.> On the other hand, the difference of depin-
ning fields in wall movement directions are almost the same
for the various thick films.

Next, we investigated the depinning field for the differ-
ent types of wall which has two vortices (S-shaped wall).
Figure 3 shows the magnetic configuration (every 4 X4 grid
elements) and normalized energy curves of a domain wall
part of calculation region, having-an S-shaped wall, in a 0.15
pum thick film with the easy axis profile setto the domain
wall profile. As shown in the figure, the wall energy curve
for the S-shaped wall shows the symmetric shape having two
peaks near each vortex where the magnetization rapidly ro-
tates.along the y and z directions. Simulatc,d wall energies of
the S-shaped wall (1.7 erg/em?® for A=0.15um and°
0.45 erg/cm? for h=0.8 um) is higher than those for the
C-shaped wall (1.3erg/em® for [ #=0.15um and
0.32 erg/cm?® for h=0.8 um). The depinning fields are also-
examinéd by applying positive and negative magnetic fields.
Figure 4 shows depinning fields of the S-shaped wall as a
function of film thickness. The depinning field decreases
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FIG. 3. Magnetization configuration and wall energy curve for an S-shape¢
wall in a 0.15 um thick film. The easy axis profile is set to the wall profile
The wall energy components of anisotropy (dotted), demagnetizatio!
(dashed), and exchange (dotted—dashed) are also indicated.
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FIG. 4. Dépinning fields of the S-shaped wall as a function of film thickness
for positive and negative magnetic fields.

with increasing film thickness. In contrast to the C-shaped

wall, the depinning fields for the S-shaped wall do not de-
pend on the wall movement direction due to the symmetric
structure. ‘It is also found that the depinning field for the
S-shaped wall is different from both depinning fields for the
C-shaped wall.

Finally, pinning effects of spatlally varying uniaxial an-
isotropy on domain walls having different kinds of profiles
from an easy axis profile as shown in Fig. 5 are investigated.
The easy axis direction of spatially varying uniaxial anisot-
ropy [Fig. 5(a}] is set to the same kind of C-shaped wall
profile as Fig. 1. The assumed film thickness is 0.15 zm. In
this simulation, the domain walls having the Bloch wall in
which the magnetization rotates in the same direction of the
easy axis profile are chosen. First, the interaction for the
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FIG. 5. (a) Easy axis directions and magnetization configurations for (b)
Sshaped and (c) Shd (d) C-shaped walls having different kinds of profiles
om an easy axis proﬁle
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FIG. 6. Schematic drawing of easy axis [Fig. 5(a)] and magnetization of the
C-shaped wall [Figs. 5(c) and 5(d)] at the top -of the film surface.

S-shaped wall is examined. The simulated magnetic configu-
ration (every 4 X4 grid elements) of the domain wall part
without the applied field is indicated in Fig. 5(b). This type -
of domain wall would correspond to the experimentally ob-

served “‘unstable wall”’ having the black-and-white contrast

using the Kerr magneto-optical effect,” which means that the

domain wall at the film surface consists of the two magneti-

zation-regions having +y and —y components. Obviously,

the wall energy for the S-shaped wall is higher than that for

the C-shaped wall energy with the same spatially varying
uniaxial anisotropy. The depinning fields are 5.0 Oe for both

the positive and negative applied fields and the dependence

of the wall movement directions on depinning fields is not

observed. Second, the interaction for different types of

C-shaped walls having the Néel caps where magnetization

rotates in the' opposite direction of the easy axis profile as

depicted schematically in Fig. 6.is investigated. In this case,

there are two pinning sites as shown in Figs. 5(c) and 5(d).

The pinning site as Fig. 5(d) is more stable compared to Fig.

5(c). The obtained depinning fields of 3.3 Oe for the positive

applied field and 1.1 Oe for the negative applied fields are

considerably smaller.

IV. CONCLUSIONS

 Numerical simulation shows that the wall structure is
strongly related to pinning characteristics with self-induced
spatially varying uniaxial anisotropy. Different wall struc-
tures yield different pinning characteristics due to the differ-
ent self-induced anisotropy. Depinning fields of the C-shaped
wall are different in the wall movement directions due to
the asymmetric wall. structure, while depinning fields of the
S-shaped wall do not depend on the wall movement
direction.
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