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Magnetic force microscopy (MFM) is widely used to di-
rectly observe magnetized states with sub-micron resolu-
tion. The average profile, which is commonly used in the
conventional quantitative analysis of MFM images, does
not contain enough information to evaluate recording me-
dia. We introduce the concept of a stochastic process into
MFM image analysis. By acquiring the statistical parame-
ters—the average, the variance, and the histogram of the
image—we reveal that the distribution of the fluctuation in
the magnetic transition region is different from the Gaus-
sian distribution. We also suggest a new evaluation value,
L/W, which is related to the S/N of the read-back signal.
With our model, it may be possible to obtain higher-order
statistical parameters, which are important for achieving
more precise characterization in the magnetic transition
region.

Key words: magnetic force microscopy, recording medi-
um, stochastic process, average profile, variance, histogram
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Fig. 1 Analysis directions of an MFM image: (a) in

the track direction in conventional analysis, and (b)

in the cross-track direction in our model using a
concept from the stochastic process.
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Fig. 2
medium; (b) sample image with the same average
profile as (a).

(a) Actual MFM image of a 50-kFCI recorded
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Fig.3 (a) MFM image of a 50-kFCI recorded

medium; (b) a result of region segmentation of (a).
The lines in (b) are boundaries of the segmented
regions. The lines approximately follow along the
cross-track direction.
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Fig. 4 Analysis of an MFM image of recorded bits
on a CoCrPtTa medium at a density of 50-kFCI, and
sketch of the bit pattern. (a) shows the average
profile, and (b) shows the variance variation.
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Fig. 5 Low-variance portions. Each filled circle,
which indicates a low-variance portion, is plotted on
the average profiles for (a) 100-kFCI and (¢) 180-kFCI.
(b) and (d) show the variances of MFM images with
the averages for (a) and (c), respectively. The value
of L/W is 6/6 for (a), and 1/12 for (b). W is the
number of recorded bits observed in the MFM image
and L is the number of the bits that have low-
variance portions.
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Fig. 6 Comparison of the S/N of read-back signal
and the L/W of the MFM images as a function of the
recording density. The S/N normalized at 28 dB is
plotted with open circles, and L/W is plotted with
filled diamonds.
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Fig. 7 X%t variation and histograms. (A) is the average profile of a 50-kFCI recorded medium. (B) is the X*()

distribution, i.e., the deviation from the Gaussian distribution in the cross-track direction.

(a), (b), and (c) show

typical histograms in a bit region and transition regions marked on the average profile (A).
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Fig. 8 Micro-track model. The dotted lines indicate
the positions of the “Center of ideal transition.” In
model (a), T7=12, and in model (b), T=8. The graphs
show the variance of (a) and (b), respectively.
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Fig. 9 Example of region segmentation. (b) shows
the result of region segmentation of (a). (a) is made
up of the profiles shown in the lower graph. The
lines in (b) are the boundaries of the segmented
regions.
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Table 1 Result of a test for a stationary

We performed a test for the MFM image of a 50-
KFCI recorded medium. S(211) represents the
longitudinal series in the bit region, and S(291) the
longitudinal series in the transition region.
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