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Characterization of magneto-optical recording media in terms of domain

boundary jaggedness
Bruce E. Bernacki and M. Mansuripur

Optical Sciences Center, University of Arizona, Tucson, Arizona 85721

Noise in magneto-optical recording devices can be classified as system-related noise and
media noise. Media noise is rooted in the magnetic and magneto-optical properties of the
recording media. To investigate media noise and its relation to microstructure and
micromagnetics of thin films, the jaggedness of magnetic domain boundaries is characterized
using static domain observations in which the fractal dimension D is measured for the
domain boundaries. Samples of TbFeCo deposited under similar conditions, but with slightly
different compositions, exhibited different amounts of jaggedness, and hence, slightly
different values of D, i.e., 1.05<D<1.20. Temperature dependent measurements performed on
a TbFe sample showed increasing D with increasing temperature, 1.19<D<1.28 for 300

K «£T<360 K. Possible sources of jaggedness include structural/magnetic inhomogeneities as
well as competition between domain-wall energy and demagnetization.

I. INTRODUCTION

Noise in magneto-optical (MQ) recording devices can
be classified into five distinct categories: (i) electronic
noise, (ii) shot noise, (iii) laser noise, (iv) erased media
noise, and (v) domain boundary noise. The first three
classes are system-related noises, whereas the last two are
rooted in the magnetic and magneto-optical properties of
the recording media. The ultimate signal-to-noise ratio
(SNR) presently attainable in MO storage systems is lim-
ited by media noise. Erased media noise is due to spatial
variations of structural/magnetic properties of the media.
Such variations manifest themselves in the domain struc-
tures that are grown slowly, to allow domain walls to fol-
low the terrain with little assistance from the outside.
Thus, measurements of the degree of jaggedness of such
domains can be used to characterize the degree of nonuni-
formity of the media. Since it has been shown that an
increase in domain-wall irregularity results in decreased
carrier-to-noise ratio (CNR) of the recording system,’
measuring domain-wall jaggedness may shed light on the
character of noise in MO media. At present, a satisfying
method for quantifying domain-wall shape does not exist.
Clearly, a single figure of merit for domain-wall shape
would provide a quantitative measure of the SNR potential
of MO materials very early in the development process,
and would permit easy comparison between different ma-
terials. The measured fractal dimension D of the magnetic
domain wall can provide this figure of merit.

Il. BACKGROUND

A fractal curve is nonrectifiable and thus cannot be
described using Euclidean geometry. More formally, a
fractal structure is one whose Hausdorf~Besicovitch di-
mension D exceeds its topological dimension D;.> For a
one-dimensional profile, such as a domain wall, 1<D<2,
with D=1 corresponding to a one-dimensional Euclidean
curve, and D=2 corresponding to a plane-filling curve.
~ FPractals exhibit the property of scaling, which is fur-
ther divided into the properties of self-similarity and self-
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affinity.* Strict self-similarity is seldom encountered in na-
ture, so one resorts to a statistical form of self-similarity to
describe natural objects. Statistical self-similarity means
that each portion of an object can, in a statistical sense, be
regarded as a reduced-scale version of the entire object.
Self-affinity is a more restrictive form of scaling in which
there is a non-linear mapping between the original function
and its scaled version.>

An elegant technique to measure fractal dimension was
first suggested by Richardson* in his measurement of the
length of the coastline of Britain, and is termed the com-
pass dimension® or ruler method. In this method, rulers
with different lengths € are used to measure the length
L{e€) of a boundary. The length L(€) is the product of the
number of rulers needed to span the boundary and the
ruler length e. If the total length L(€) of the boundary is
plotted versus the ruler length € on a log-log scale for a
fractgxl profile, the points will lie on a straight line as fol-
lows”:

log[L{€)]=(1— D)log(e) + log(C),
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FIG. 1. Experimental setup for measuring fractal dimension of MO do-
mains.
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where C is a constant.

~ Natural objects are not mathematical constructs, and
are not statistically self-similar or self-affine over all ranges
of ruler lengths, but only over a limited band of ruler
lengths that must be determined experimentally. This is
determined in the present work by analyzing the log-log
plot of the total length of the digitized profile versus ruler
length for a range of ruler lengths. In general, all of the
points will not lie on a single straight line, but bands of
data points will lie on lines of different slopes between two
breakpoints called the inner cutoff and outer cutoff.? Fol-
lowing the method of Burrough,® the line of maximum
slope between the inner and outer cutoff was chosen for
this study to measure D, since when the sampling interval
matches the scale of the phenomenon present in the object
under study, a lower measure of D than is expected results.
Hence, the line with the greatest slope gives the more ac-
curate measure.

lll. EXPERIMENTAL SETUP

The MO domains are recorded and observed using the
experimental setup shown in Fig. 1. The heart of the sys-
tem is a polarized-light microscope, which has been mod-
ified for thermomagnetic recording by the addition of a
laser diode and bias magnet, as well as a thermal stage for
temperature-dependent studies. An RS-170 video camera is
used to image the domains, with single frame storage pro-
vided by a personal computer-based frame grabber.

Data is acquired by thermomagnetically writing a
micrometer-sized reverse-magnetized domain with a small
bias field (==300 Qe), and up to 12 mW of laser power.
The bias field is then slowly increased to expand the do-
main until the domain wall is approximately 50 pixels in
diameter to ensure adequate sampling of the image. Alter-
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FIG. 4. Comparison of two mark-
edly different MO films. Image at
left shows domain in a
Tby7,Feq 3C074Ar154 film (sam-
ple 830). The domain on the right
was recorded on a
Tbg_zngCSSACOgAAI'qJ film (sam-
ple 819).

SAVPLE 830 SAVPLE 819

.
80 MICRONS

natively, a line can be written across the MO material by
advancing the microscope stage in a fixed direction while
the laser is pulsed rapidly. The line domain is then ex-
panded in the same manner as the circular domain. The
image is then digitized and frame averaged for noise reduc-
tion, and the image is made binary using standard video
microscopy techniques.

Image processing software is used to extract the
boundary of the domain. At this point, rulers of different
length € are translated along the boundary of the domain,
and the number of rulers needed to span the boundary N is
recorded for 1<e<100 pixels. Remainder distances at the
end of the domain boundary are added to the ruler count
as fractions of a ruler length for each different ruler size.
One need not be concerned with the choice of starting
point as long as the ruler length € is short enough,’ as it is
in ali cases considered here. A log—log plot is made of the
boundary length L(€) versus ruler length €, and the ap-
propriate band of ruler lengths is determined for calcula-
tion of D. Figure 2 shows such a plot with two distinct
bands. The band exhibiting the greatest slope between the
inner and outer cutoff is selected as the measure of D for
the boundary. The fractal dimension is related to the slope
m of the fitted line by the equation

D=1—m,

where m is generally a small negative number. Figure 3
shows the final log-log plot of of L(e) vs € for several
domain expansions of a Tby;,Fes:Co74Ar5, sample
(sample 830).

1V. EXPERIMENTAL RESULTS

The measurements taken to date are repeatable, and
show good correlation between qualitative evaluation of
domain-wall irregularity and the measured fractal dimen-
sion D. That is, as the amount of domain-wall jaggedness
appears to increase visually, D increases. Figure 4 shows
the contrast between domains in two TbFeCo films (sam-
ple 830 and 819, which has composition
Tbyy oFess 4Cog 4ATrg 3) that exhibit markedly different de-
grees of domain-wall jaggedness. Domains were written in
each sample and then expanded to 60 pm in diameter, as
described earlier. The ruler technique was applied to the

FIG. 5. A line domain
written in sample 819.
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FIG. 6. The images are of two
800X . different domains written in
i the Tbyg;FeysAr;, film
{sample 12990G) and imaged
at different magnifications:
(a) 95 pm diameter, imaged
i 4 at 500X; (b) 60 pm diameter,
L " imaged at 800X.
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original and three additional expansions, up to a diameter
of 130 um. After selecting the appropriate band of data
points, the measure of D was determined for each expan-
sion. These measurements were averaged, and their stan-
dard deviations calculated. The measurement of D that
resulted for sample 819 for four expansions (62.8-118.0
um) was 1.208+0.019, significantly larger than the figure
of 1.048=0.004 for the value of D of sample 830.

- Either line or circular domains can be written and
measured. An example of a line domain written in sample
819 is shown in Fig. 5. The measure of D for the line
domain for four expansions {20.0-55.6 um) was found to
be 1.189=+0.010, which is within one standard deviation of
measurement for a circular domain in sample 819.

Since natural objects are generally not perfectly scal-
ing, the measurement of D for most natural objects will
depend on the band of ruler lengths over which the mea-
surement is made, and in some cases, the magnification at
which the measurement is made. The latter case is true of
MO domains, sinice, in general, D increases when the mag-
nification of the image is increased. Figures 6(a) and 6(b)

" are images of domains in the same TbygFeqs, sAry, film

(sample 12990G) imaged at 500X and 800X, respec-
tively. In Fig. 6(b), the apparent increase in jaggedness
with increased magnification is clearly evident when com-
pared with Fig. 6(a). This limits the application of the
proposed technique to measurements taken at the same
magnification if comparisons are to be made between dif-
ferent materials, and implies that a different technique may
be more appropriate to measure the fractal dimension.” A
measurement series for four expansions (60-95 pum) for
this sample at 500X resulted in a value for D of
1.175+0.012. At 800X, a four-expansion sequence in this
same material (40-90 pum) gave a measure of D of
1.2590.029. '

Measurements were also made to determine the jag-
gedness for the domain walls written and expanded at el-
evated temperatures, beginning at 300 K. Domains were
written and expanded four times in 10-K steps, from 300 to
360 K. For sample 12990G, the average D and correspond-
ing standard deviation is plotted versus temperature in Fig.
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7. The value of D increases as the sample temperature
approaches the Curie temperature T, (approximately 390
K for this sample). Possible causes for this increase in D
are currently under investigation.

V. CONCLUSION

State-of-the-art MO recording systems are presently
limited by media noise, which is contributed to by
structural/magnetic inhomogeneities and by the irregular-
ities in the recorded domain walls. Until now, a simple way
to categorize and describe domain-wall irregularity did not
exist. The measured fractal dimension D can provide a
unique, relatively easy-to-measure figure of merit for deter-
mining the degree of domain-wall jaggedness. Although it
appears that MO domains are self-affine, so long as the
measurements are made at the same magnification, distinct
and repeatable values of the fractal dimension D can be
obtained for each material of interest. This technique pro-
vides a new tool for the MO materials researcher to use in
evaluating potential MO recording films.
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