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The spatial variation of coercivity on patterned magneto-opfigiD) materials has been studied

with a Kerr microscope. Our results show that the coercivity values on arrays made by holes are
larger than those observed on the land regions. In contrast with nonpatterned MO media, which
present a sharp Gaussian-like distribution, the coercivity distribution in the patterned material is
much wider and shows an exponential-type distribution. This article maps the spatial variation of the
coercivity on patterned magnetic materials with a spatial resolution of @I um? © 2003
American Institute of Physics[DOI: 10.1063/1.1555368

A major concern usually found to characterize thegray-scale levels of the domain imagesrsusthe applied
magneto-optical write and erase processes is the coercivity dield (H,), and obtain the microhysteresis loops and coerciv-
the thin film material. Technically, the coercivity. in a ity values for each single 0x0.1 um? area® Figures 1a)
hysteresis loop is defined as the value of the applied field and Xb) show six of the measured microhysteresis loops and
which the total magnetization becomes zero. Coercivitythe mapping coercivity distribution, respectively, obtained
however, is an ill-defined concept which may be useful in thefrom 90000 hysteresis loops for a RgFeCo), thin film
phenomenology of bulk reversal, but its relevance to the phesample with 30 nm in thickness. The sample was made by
nomena occurring on the spatial and temporal scales of maglepositing the DyFeCo film onto a patterned SiN-coated sili-
netic recording must be seriously questiofétis fair to say  con substrate. This film was patterned by the electron beam
that the existing theories of coercivity are generally un- lithography techniqué The upper-left-hand side of Fig(d
able of handling problems associated with spatial variationis the nonpatterned region, while the lower-right-hand side is
of coercivity. Moreover, our previous studies indicated thatthe 0.5umXx0.5 um square-patterned region with the hole
the coercivity of patterned magneto-opti¢dO) thin film  depth of 13 nm. The separation of the square holes igth5
media is quite different from the nonpatterned sampiésn  apart. The coercivity difference between the square arrays of
addition, we found that the coercivity in the arrays made bythe patterned surface and the nonpatterned area can be
holes is quite different from the value found in the land areaclearly identified. The color bar on the right-hand side of Fig.
We believe that the natural vehicle for conducting the experi4(b) indicates the coercivity strength. The blue color depicts
mental investigation in this area is to map the coercivitythe lowest magnetic field strength, while the red color repre-
variation on the sample surface. sents the highest strength. From this color bar, we can see

We used a Kerr microscope which has been equippethat the coercivity on the patterned aié@m 1400 to 1900
with an electromagnet, capable of produria 5 kOe mag- Qg s larger than that on the nonpatterned affeam 1200
netic field, and a CCD camera with a resolution of 300 ks 1400 Og. In addition, the high coercivity spots outside the
pixels. This device grabs the continuous domain-reversal impatterned area are due to the high anisotropy defects, pro-
ages(30 frames/sunder a series of magnetic fields that arey,ced from inhomogeneous of the film, hinder the easy mo-
applied perpendicularly to the film plane. We then plot theiion of domain walls.

In order to investigate the coercivity variations due to
3Eectronic mail: wuth@pine.yuntech.edu.tw the effect of patterned substrates for a magnetic thin film
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FIG. 1. (a) Six of the measured microhysteresis loofi®;coercivity distri- 5x10°
bution for a patterned Dy(FeCol, thin film. T
¢ /Patte:ned
film
3
material, we compare the results with another composition. I»/
We have produced the films with and without a patterned *
SiN-coated silicon substrate. Figuréashows the coerciv- 1
ity distribution on the surface of a nonpatterned g -3949 2 768 3910
. . . . o]
Dy,q(FeCo)g sample (with 50 nm in thicknessobtained 2
from 90000 microhysteresis loops. It can be seen that the -
magnetic domain wall motion started via a defdotv coer- N I
civity) site, as the arrow indicates on the blue spot. In addi- / O
tion, other light blue color portrays the other defects. Most of - / film —
the color in yellow shows that the average values of coerciv-
ity is in this range. That also can be seen from Fi)2 L L
which shows the statistic numbers of various coercivity -§wo 4000 2000 3 2000 4000 6000
strengths. This reveals that the coercivity value behaves as Hios)

Gaussian-like spectrum, and that most of the coercivity valug'G- 2. (@ Coercivity distribution on the surface for a nonpatterned
concentrates in 3950 Oe. Moreover, we can reconstruct the D(é'zégifggog’j Sh";‘glglri(s?i Slgit:ftf'gf Ln:;g?@;':g "ﬁrr"%“;fg ?r']\g%ztt;g?r?;zs
hysteresis loop from Fig. (B) by plotting the number of (dash ling sample.

coercivity values versus the coercivity value, as shown in

Fig. 2(c). We can see from the dashed-line hysteresis loop of The same magnetic thin-film sample with patterned SiN-
Fig. 2(c) that the averaged coercivity value obtained from thecoated silicon substrate was made by a photolithography
loop is about 3949 Oe, which is consistent with the peakechnique. Figure @) shows the topography image of a pat-

value of the Gaussian-like spectrum in FigbR terned substrate sample, as obtained by a Digital Instruments
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FIG. 3. (a) Topography image from a patterned substrate sanfp)esoer-
civity distribution on the surface for a patterned {feCo)y sample;(c)
statistical numbers of various coercivity strengths.

Wu et al.

of 2 um. Figure 3b) displays the coercivity distribution on
the surface of the patterned thin film. The coercivity differ-
ence between the arrays of circular holes and the land re-
gions on the patterned surface can be clearly identified. In-
side the regions of arrays of holes, as the color bar portrays,
the coercivity is within the range of 900—-1300 Oe, while on
the land regions the coercivity range is between 400 and 900
Oe. The coercivity of patterned magnetic thin film decreases,
and the coercivity in the regions of arrays of holes is higher
than that on the land area. Indeed, patterned thin film can be
treated as an interacting system of flat digkele regiong

and the continuous thin film with the nonmagnetic inclusion
(land regions The reduction of the coercivity in the land
area can be easily understood from the inclusion th&ory,
which states that =H.— ynr/2Mg. Here, y is the wall
energy,M; is the magnetization of the magnetic thin film,

is the number density of the circular pinning site, arisl the
radius of the circular pinning. The possible explanation for
the ragged circle distribution in the hole area is the ragged
bottom surface inside the hole and the mutual interaction
between the hole regions and the land area.

The spectrum for the statistical numbers of coercivity is
shown in Fig. 8). Compared with Fig. @), the spectrum in
the patterned thin film is much wider than the one obtained
for the nonpatterned thin film. This can be understood from
the mutual interaction of the holes and the land area. The
spectrum is composed of two distributions, namely, the left
spectrum that comes from the land region, and the right spec-
trum that results from the hole arrays. In addition, the total
number of coercivity values in the region of arrays of holes
is about one-third of that obtained for the land region, which
is consistent with the geometric area ratio between hole ar-
rays and land regions.

Once again, we can reconstruct the hysteresis loop from
Fig. 3(c) by plotting the statistical number of coercivity val-
uesversusthe coercivity value, as shows in the solid-line
hysteresis loop of Fig.(2). It can be seen from the solid-line
loop that the coercivity is about 700 Oe, which is consistent
with the peak value of the coercivity distribution in FigcB
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