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SHAPE CHARACTERISATION OF MAGNETO-OPTICALLY WRITTEN BITS USING 
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Abstract - In this paper, an approach to characterizing the shape of recorded bits is presented. This approach uses parametric 
Fourier descriptors (FDs). Some of the properties of FDs are discussed, and it is shown how FDs can be used to formulate a 
useful measure for shape irregularity, which is related to Signal to Noise ratio. Finally, it is shown that such a measure can be 
applied to characterize the shape of magneto-optically written bits, measured using MFM. 
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INTRODUCTION 

Methods for the. imaging' of magnetic 
domains, such as Lorentz transmission electron 
microscopy and magnetic force microscopy 
(MFM), allow us to study the shape of magneto-
optically written bits, such as those shown in 
Figure 1. 

Figure 1: MFM Image ofa Co/Pt multilayerdisk, with bit 
boundaries shown superimposed. The scale is given in nm. 

Two methods for the characterization of the 
shape of written bits are known from literature: 
fractal dimension [1] and deviation from the best 
fit ellipse [2]. In this paper, a new method is 
presented for quantifying both the regular part and 
irregular part of the domain shape. The regular part 
of the shape is the average shape of bits written 
under identical circumstances. The irregular part of 
the shape is the deviation of each domain shape 
from the average shape. Measuring domain shape 
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can be used for two purposes: 
1) Verifying simulations: The difference 

between the shape predicted by simulations and the 
measured shape can be calculated. Both the regular 
and the irregular part of the domain shape can be 
studied. 

2) Predicting the contribution of shape 
irregularities to Signal to Noise Ratio (SNR): One 
approach is to perform recording simulations, using 
many different (simulated) boundaries with the 
same regular shape and irregularity. Thus the 
quality of the combination of the recording 
medium and the recording parameters, with respect 
to domain shape, can be quanitfied. Another 
approach is to correlate increased domain 
irregularity to an increase in write noise, measured 
by recording experiments. 

From the above, it can be concluded that a 
suitable shape characterization method should have 
the following properties: 

- both the regular and the irregular part of 
written bits can be compared. 

- many boundaries with the same shape 
properties can be generated for use in simulations. 

- the measure for the irregularity of written 
bits can be correlated to write noise. 

Since the existing methods do not have all of 
these properties, a new method is introduced in this 
paper based on parametric Fourier-descriptors. 

PARAMETRIC FOURIER-DESCRIPTORS 

Parametric Fourier-descriptors (FDs) are 
used in the field of image processing for classifying 
objects by the shape of their boundary. To obtain 
the FDs, the boundary is represented as a function 
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of a certain parameter. The FDs can then be 
calculated by Fourier analysis of this function. 

In this paper, Granlund's parameterisation [3] 
was used. Here, the points on the domain boundary 
are represented by a complex number z of which 
the real part is the x-coordinate of the point, and 
the imaginary part its y-coordinate. These complex 
numbers are parameterized as a function of the 
distance I, traveled along the contour from a certain 
starting point in the counter-clockwise direction. 
The Fourier descriptor, Zk, of index k, is defined by 
the transform pair: 

L -21fjkl .L.. 21fjkl 1 -- ~ 

Zk =T, J z(l)e L dl; z(l)::;; I.Zke L (1) 
o k=-~ 

In which L is the total length of the boundary. 
Boundaries for which only FDs number 1, and (1 + 
n·k), with k an integer number, are nonzero, have 
an n-fold rotational symmetry. In Figure 2, the FDs 
for domain A in Figure 1 are shown. 
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Figure 2: FDs for domain A in Figure 1. 

The descriptors are useful for comparing 
shapes. A possible measure for the difference 
between a reference boundary a and a measured 
boundary /3, of length La and Lf3 with 
parameterisation zdl) and z[iZ) is: 

I 

d(a,p)= JIZa(SLa)-zp(sL,6)12 ds (2) 
(I 

Using Parseval's theorem, it can be derived 
that this difference is equal to: 

(3) 
k=~ 

From this measure, it is clear that the 
descriptors of the regular part of the boundary 
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shape can be determined by calculating the average 
of the descriptors of several irregular shapes. The 
calculation procedure becomes somewhat more 
complicated when the image scale, starting point 
and/or orientation of the boundaries are not the 
same. In this case, either the boundary or the 
obtained descriptors should be normalized before 
comparing them [4]. 

When the regular part of the domain shape is 
known, the irregular part can be determined by 
subtracting the descriptors of the regular shape 
from the descriptors of a domain with both a 
regular and an irregular shape component. In the 
special case when the regular shape of the bits is 
presumed to be a circle, only FDs zero and one are 
nonzero, where Zo determines the position of the 
domain, and IZ11 its radius. Therefore, if any other 
measured FD has a nonzero value, this can be 
ascribed to irregularities of its shape. 

To characterize the irregular part of the 
domain shape, the difference measure in equation 2 
could be used. However, this measure will not 
predict the contribution of domain boundary 
irregularity to the SNR of the system. Due to the 
low-pass characteristic of the readout beam, it is 
expected that the low frequency irregularities will 
be of more influence on SNR than high frequency 
ones. Therefore, an irregularity measure must be 
found that will take this effect into account. 

SIMULATIONS OF THE INFLUENCE OF 
DOMAIN IRREGULARITY ON SNR 

As was stated in the introduction, a sensible 
measure for domain shape irregularity is one that 
correlates to write noise. A simulation program 
was written to calculate the signal and noise for a 
sequence of simulated bits with the same shape 
properties. 

Calculation procedure 
To generate many different bits with the 

same irregularity, it was assumed that the 
irregularity will depend only on the amplitude of 
the individual FDs. This assumption was based on 
the facts that several shape measures, such as 
length, area [4] and fractal dimension [5], are 
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related to the amplitude of the descriptors only_ 
Therefore, different domain descriptors with the 
same irregularity can be generated by choosing the 
phases of the descriptors randomly, whilst keeping 
their amplitude the same. It should be noted 
though, that the boundary parameterisation 
described by these descriptors does not strictly 
adhere to the definition of the FDs as was given by 
Granlund [3], since the x and y coordinate are not 
exactly a function of the distance traveled along the 
boundary. 

The generated FDs were transformed to 
domain boundaries by an inverse Fast Fourier 
Transform (FFT). For each boundary, a 
"magnetization" image was created, in which the 
inside of the boundary is uniformly magnetized up, 
and the outside down. The effect of the readout 
beam was approximated by convolution of this 
image with a 2 dimensional Gaussian. From each 
image, the. signal was taken on a line trough the 
center of the domain, representing the path 
followed by the readout beam. The signals from the 
separate domain images were then concatenated to 
obtain the output signal and its spectrum. 

An distances given were normalized for the 
average domain radius. The frequency of the signal 
spectrum was normalized for the fundamental 
signal frequency. The SNR was calculated in a 
bandwidth of 2.5 times the signal frequency. The 
signal amplitude was normalized such that the 
signal is zero for a sample magnetization saturated 
in one direction, and unity for saturation in the 
other direction. Experiments showed that a 
normalized image size of 8 with a grid of 256x256 
points was found to be sufficient for calculations 
with a normalized lie beam radius of 2/3. (i.e. for 
bits of 1 /lm diameter and a lie beam diameter of 
667 nm, the image size is 4x4 /lm2 and the pixel 
distance approximately 16 nm) 

Validity of SNR calculations 
It was assumed that bits with descriptors of 

equal amplitude have the same shape properties 
with respect to SNR. If this is the case, the spread 
of SNR, calculated for different tracks with similar 
bits, should decrease with an increasing number of 
simulated bits. Figure 3 is a plot of calculated SNR 
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and its standard deviation, sigma, versus the 
number of bits, used to calculate them. It is clear 
that the calculated SNR converges. 
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Figure 3: Result of the convergence test of the simulation. 

Influence of FD arnplitude, FD number and laser 
spot size on SNR 

To find a relation between the number and 
the amplitude of the irregular Fourier Descriptors 
and the resulting SNR, several simulations were 
performed .. It was found that the relationship 
between amplitude and SNR was equal for Fourier 
Descriptors gi ving the same maximal rotational 
symmetry. (e.g. Z-3 and Z5 have a maximal 4-fold 
rotational symmetry) 
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Figure 4: SNR as a function of FD amplitude 
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Figure 4 contains the results of simulations in 
which the SNR contribution of a FD is plotted 
versus its amplitude. The rotational symmetry is 
given as a parameter. From Figure 4, it is can be 
conduded that the SNR is inversely proportional to 
the square of the amplitude of the FD. Another 
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conclusion is that the SNR contribution of higher 
frequency FDs is considerably smaller than that of 
low frequency ones. 

It is not clear what could be the relationship 
between FD symmetry, spot size and noise level. 
However this relationship should have form of: 

1 = 

- == Irregularity::= Lf(r,/k 1/)IZkI 2 
(4) 

SNR k=-= 

With f( r, Ik - 11) the function sought after. 

MEASUREMENTS OF DOMAIN 
IRREGULARITY 

To test whether the SNR contribution of the 
domain shape irregularity can be reproduced for 
similar bits, measurements were performed on bits 
which were written under the same circumstances. 
A Co/Pt multilayer disk was used as a test sample. 
The bits were observed using an MFM in constant 
force derivative scanning mode using EBID tips 
[6]. The boundary of the observed bits was 
estimated by thresholding of the obtained image. 
Figure 1 is an MFM image of the written bits, with 
the thus detected boundaries superimposed. 

For each domain boundary the Fourier 
descriptors were calculated. The SNR for each set 
of FDs was calculated from a track of 128 similar 
bits, and is given in table 1 together with the 
domain radius. The spectrum of one of these tracks 
is shown in Figure 5. 
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Figure 5: Simulated spectrum for domain A in Figure 1. 

From the data in Table 1, it appears that both 
the average domain radii and the calculated SNR 
are almost the same for all domains. However, the 
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difference between them is not within the margin 
of error of the calculation procedures. This 
difference may be due to artifacts introduced by the 
measurement method, or, which is quite likely, the 
assumption that all FDs (including Z/) have the 
same amplitude for all three bits is not correct 
Instead, they might show some spread around an 
average value. 

Table 1: Average radius alld calculated SNRfor the bits ill 
Figure 1. 

Domain Radius (::=IZ/I) Calculated 
(nm) SNR (dB) 

A 333 38.6 
B 340 37.3 
C 325 39.5 

CONCLUSION 

Parametric Fourier descriptors could be a 
valuable tool for characterizing both the regular, 
and irregular part of the shape of written bits. It is 
expected that it is possible to calculate an 
irregularity measure from the FDs that correlates to 
the contribution of domain irregularity to the 
signal-to-noise ratio, which is confirmed by inital 
results. 
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