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Abstract

We have shown in previous papers that the magnetic domains could be pinned inside the artificially patterned hole
arrays under suitable geometry aspect ratio. Nevertheless, we have found that if we reverse the magnetization directions
through domain wall motion, the confined domains expand from smaller territory into larger territory for some samples.
In addition, the pinned domains maintained the same moment’s orientation after the domain expansion. The possible
reason for the pinned domains to retain the same moment’s orientation maybe those pinning holes that act as high
anisotropy defects. Thus, domain wall motion was around the high anisotropy sites and only peeled away the domain in
the land area while the enclosed domain of the hole area maintained the same orientation. Moreover, the feasible reason
for the expansion domains is the coercive force, which is perpendicular to the side-walls and pinning the domains inside
the holes, are relaxed and thus causing the domains growth. This phenomenon is called the relaxation of pinning
domains. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

In magneto-optical (MO) recording, the recording and
erasure processes rely on the creation and annihilation of
reverse-magnetized domains under the influence of ex-
ternal and/or internal magnetic fields. However, high-
density recordings are achieved only when the recorded
domains are small and uniform, have smooth bound-
aries, and are precisely positioned. Thus, a knowledge of
magnetization-reversal dynamics is desirable in order to
control domain size, while avoiding nonuniformities and
jagged boundaries, in magnetic and thermo-magnetic
recordings. However, the traditional study of magne-
tization-reversal lacks direct observations of definite do-
main growth and contraction. Our previous papers have
shown that the magnetic domains could be pinned within
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artificially patterned hole arrays under suitable geometry
shape and magnetization value [1-4]. The pinned do-
mains acquire the shape of the holes and the sharpness of
their boundaries depends on the size of the holes. Thus, it
motivates us to use the artificially patterned hole arrays
to study the magnetic domain behaviors under magne-
tization-reversal. We have found that if we reverse the
magnetization directions via domain wall motion, the
confined domains expand from smaller territory into
larger territory. This phenomenon is due to the relax-
ation of the pinned domains. In this paper, we will ad-
dress the phenomena of domain relaxation and explain
the possible reason for domain expansion.

2. Sample preparation

Regular arrays of shaped holes were fabricated using
electron-beam lithography. An electron resist, polymethyl
methacrylate (PMMA), was spun onto a SiN-coated
Si-wafer. Arrays of square-, circle-, and star-shaped holes

0304-8853/00/$ - see front matter © 2000 Elsevier Science B.V. All rights reserved.

PII: S0304-8853(99)00694-0



T.-H. Wu et al. | Journal of Magnetism and Magnetic Materials 209 (2000) 224-227 225

80.0
60.0
40.0
20.0
0 20.0 40.0 60.0 80.0
(a) pum

0 20.0
(c)

40.0

75.0

250

50.0
(b) pm

60.0

i-20.0

60.0

pm

Fig. 1. The magnetic domain images for the domain wall movements through the patterned area under an external magnetic field of

5.41 kOe for (a) 20's, (b) 40's, and (c) 60 s.

were created in the PMMA using a versatile pattern
generator.! The standard lift-off procedures were per-
formed to take away the exposed areas on the PMMA.
The MO active layer Dy,(FeCo),—, with 50 nm thick-
ness was co-sputtered on to the developed PMMA layer,

' A 30 kV of Hitachi S2460N SEM equipped with a versatile
pattern generator is used for the structure fabrication in this
study. The writing software, Nanopattern Generator Systems
(NPGS), is produced by JC Nabity Lithography Systems,
Bozeman, MT59717.

and a 30 nm thick silicon nitride layer was subsequently
deposited to protect the MO layer. The layer structure
is: silicon/SiN(200 nm)/DyFeCo(50 nm)/SiN(30 nm) in
the holes and silicon/SiN(200 nm)/PMMA (300 nm)/
DyFeCo(50 nm)/SiN(30 nm) on the lands.

3. Experiments

The sample’s morphology and magnetic domain
structure were observed by employing a magnetic force
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Fig. 2. Zoom-in images of Fig. 1. (a) The zoom-in image of the right lower corner of Fig. 2(a). (b) The closer zoom-in image of the left
lower corner of Fig. 2(a). (c) 3-D view of Fig. 2(b). (d) The further closer look of Fig. 2(c) image of four pinned domains. (¢) Image of

further closer look of Fig. 2(c) of one pinned domain and three relaxation domains.
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microscope (MFM). A Digital Instruments Nanoscope
IITIa MFM, equipped with phase extender [5] was used in
this study. The magnetic tip with a CoCr-coated Si tip
magnetized along the tip axis was used to scan the
magnetic domain structures in tapping-lift mode [6].
Domain images represent the detected frequency shifts of
the vibrating cantilever. Before taking the MFM
measurements, the samples were either magnetized or
demagnetized in magnetic fields perpendicular to the film
plane [7]. During the perpendicular demagnetization
process a polar Kerr microscope, equipped with an elec-
tromagnet of maximum field capability of 8 kOe, was
used to monitor the developing magnetic domains.

4. Results and discussions

The relaxation of pinned domains was investigated by
observing the magnetic domain wall movements across
the pinning hole arrays. The experimental results
can be best seen from Figs. 1 and 2 for the thin film
Dy,1(FegpC0s50)79. The way in which the images shown
in Figs. 1 and 2 are produced is as follows. The magnetic
moment of a sample was first saturated in one direction,
out-of-plane, by applying a magnetic field much greater
than the sample’s coercivity. The applied field was then
increased in the reverse direction and allowed to ap-
proach coercivity, where it caused domain wall creation.
As visualized under a Kerr microscope, the domain nu-
cleated outside the patterned area and moved toward the
patterned area. When the domain walls moved toward
the boundary and/or moved further near to the center of
the patterned area, the applied magnetic field was turned
off. Pinned magnetic domains were then imaged by
MFM.

Figs. 1(a)-(c) show the star-shaped magnetic domain
images for domain wall movements across the patterned
area for 20, 40, and 60 s under an external magnetic field
of 5.41kOe, individually. Note that, in Fig. 1(a), the
pinned domains maintained the same moment’s orienta-
tion and expanded after the domain walls moved across
the pinning holes, as the arrow indicated. The domain
growth manners of Fig. 1 can be seen in detail from their
zoom-in images, as shown in Fig. 2. Fig. 2(a) shows the
zoom-in image of the right lower corner of Fig. 1(a), as
the arrow indicates in Fig. 1(a). One can see clearly that
when the magnetic wall begins to move from outside the
patterned area into the patterned area, the domains ex-
pand, as the arrows indicate in Fig. 2(a). Figs. 2(b) and (c)
display the closer zoom-in and the corresponding 3-
dimensional (3-D) images of the left lower corner of

Fig. 2(a), respectively. Fig. 2(d) shows the further closer
look of Fig. 2(c) image of four pinned domains. More-
over, Fig. 2(e) displays the image of further closer look of
Fig. 2(c) of one pinned domain and three relaxation
domains. By comparing Figs. 2(d) and (e), it is obvious
that domains expand from smaller territory into larger
territory after the domain wall movement across the hole
regions.

5. Concluding remarks

We have found that if we reverse the magnetization
directions through the domain wall motion, the confined
domains expand from smaller territory into larger terri-
tory. This phenomenon is due to the relaxation of the
pinned domains. The feasible reason for the pinned do-
mains to retain the same moment’s orientation may be
the fact that those pinning holes act as high anisotropy
defects and hinder domain wall movement. Thus, domain
wall motion roundabout the high anisotropy sites and
only peeled away the domain in the land area while the
enclosed domain of the hole area maintained the same
orientation. In addition, because of the coercive force,
which is perpendicular to the side-walls and pining the
domains inside the holes, are relaxed and thus causing
the domains growth.
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