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Abstract

Mallinson’s theory of recording media noise is extended to ensembles where the
particles have an easy axis distribution or are clustered. The effect of clusters is that there
is a critical value of packing fraction at which noise in the demagnetised state switches to
a minimum. Comparison is made with measurements of DC modulation noise in double

layer MP tape.
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Noise in magnetic recording media occurs because of statistical variations in the
properties of an ensemble of magnetic particles. Previous investigations of noise have
considered variations in the magnetisation of such an ensemble [1-3]. Mallinson [2]
developed a model of noise in particulate media, which also included variations in the
packing density of the particles. He considered identical particles to be aligned either
parallel or anti-parallel to the field direction and this always generated a maximum total
noise in the demagnetised state. In this paper we extend Mallinson’s model to include (i)
a distribution of easy axes and (ii) clustering of particles with a given distribution of
cluster sizes.

Without clusters the total noise always has a maximum in the demagnetised state,
which results from the increased number of arrangements of the particle moments in the
ensemble in that state. The effect of including clusters is that, for each mean cluster size,
there is a critical packing fraction below which the total noise in the demagnetised state
switches from a maximum to a minimum.

Mallinson’s model can be extended for separate particles by introducing a
distribution of easy axes. Consider an assembly of N particle sites with volume packing
fraction P . Let each particle have a magnetic moment of magnitude x and orientation in
three dimensions represented by angles « and £, where « is the angle between the in-plane
component of the moment and the longitudinal direction and £ is the angle between the
moment and the plane of the tape. The moment measured in the longitudinal direction of

the tape is u, = umcosacos f where the normalised mean magnetisation m=2p-1

and p is the probability that a moment is in the positive direction of its easy axis.
Assuming that f(«, ) is the probability density function of easy axis directions total

noise is given by

o2 = N{E(1,%) ~ (E(1,))* (1)
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where
E(uy) =
B /2 72
Pu’ j jf(a,ﬂ)coszacossﬁ’ da dp )
-/2-7m/2
and
E(uy) =
B /2 7/2
P um j jf(a,ﬂ)cowcoszﬂ da dg. 3)

-z/2-7/2

The results for a 2-D distribution are obtained by substituting &« = 8 and £ =0 in
equations (2) and (3). Simulations have been carried out for a number of easy axis
distributions in both two and three dimensions. In three dimensions, both random and a
truncated bivariate distribution were used to generate easy axes. It was assumed that « and
S are independent variables. Other experimental measurements [4] on the MP tape of this
study have shown that the in-plane and out-of-plane easy axis distributions possess
standard deviations of approximately 0.5 and 0.25 radians respectively and these estimates
are used here for the bivariate model.

The results highlight that total noise is dependent on the packing fraction (Fig. 1).
At the demagnetised states noise reduces as the packing fraction decreases; this was
consistent for all distributions of easy axes. The packing fraction influences the degree of
variation in the noise between the demagnetised and saturated states. When the packing
fraction is large the total noise reduces rapidly as the magnetisation approaches saturation,
whereas reducing the packing fraction flattens the noise distribution. There is a critical
value of the packing fraction for which total noise at the saturated states is a maximum.
When the easy axes are distributed randomly then the total noise, at both saturated and

demagnetised states, is less than that generated from the bivariate distribution. Maximum
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noise occurs in the demagnetised state when the easy axes are orientated in a narrow
region, the limiting case of this being Mallinson’s model.

In order to introduce particle clusters into the system, consider now that the
ensemble consists of N sites at each of which could be a cluster of k particles. P is the
probability that a cluster is present at a particular site. Let yx denote the probability that a
non-empty site contains a cluster of size k. Let X be a random variable representing the

moment of a cluster in the longitudinal direction. For a cluster of size k, X may take the
: - K) o ;
values (k—-2r)u,, r=0,.,k, with probabilities ) p“"(1-p)". Therefore, the

contribution to total noise is

of = N{E(X?) = (B(X))*} 4)
where
E(X)=5mE(ux)gkzk ©)
and
E(X ) = PE(u)) Y k{ik-Dm* +1jz, ©)

If K is a random variable representing cluster size then
E(X) = PME(x,)E(K) (7)
and
E(X?) =PE(u2){M?E(K?)+(1-m")E(K)}. (8)
A truncated Poisson distribution has been used to generate the cluster size. Hence,

the probability of obtaining a cluster size k is given by y, = e_l/%l(l_e—l) , k=123...

and the expectations for this distribution are given by E(K):/l/(l—e’l) and

E(K?)=(A+4%)/0-e?).
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Introducing clusters has a significant impact on the noise distribution. When clusters
are present at a site, reducing the packing fraction transforms the noise distribution from a
maximum to a minimum at the demagnetised states. This is demonstrated in Fig. 2 where
the expected cluster size per site is fixed and the easy axes are generated from the bivariate
distribution. Similar dependence on packing fraction has been reported for particulate
rigid disks [5]. As the packing fraction decreases then the noise at the demagnetised states
is reduced, this is consistent with systems of single particles.

The effect of increasing the mean cluster size is demonstrated for the bivariate case

in Fig. 3 when P =0.5. As the mean cluster size increases then noise becomes more
pronounced at the saturated states. It was also observed that for a clustered system the
noise distribution was a maximum only when the packing fraction was sufficiently large.
When the packing fraction was large an increase in A produced less variability between the
demagnetised and saturated states until eventually a critical value of A transformed the
distribution from a maximum to a minimum.

The statistical model described has been compared with a typical experimental result
on a double layer MP tape (single magnetic layer). The volume packing fraction of ~ 13 %
for the magnetic material only (i.e. excluding the particle passivating layer) was estimated
from bulk magnetic measurements and given values for the type of particle used in this
media (Fig. 4). It should be noted that this seemingly very low value corresponds to ~ 30
% for the actual particles if the passivating (non-magnetic) particle shell is included.

The method used to generate the noise curve modulates the DC state in the same
manner as that commonly used for DCD remanence investigations (eg [6]). For this, the
sample is initially conditioned using an in-plane (say positive direction) saturating field.
A reverse field in the opposing (negative) direction is then applied in a series of increasing
steps. Within each step the reverse field is reduced to zero to allow the remanent state to

be measured before the next field step is applied.
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The noise power at each remanent state of figure 4 was found by passing the tape
over a compatible read-head at a speed of 0.5 ms™. The subsequent voltage-time signal
from the head was captured at a rate of 250 x 10° samples per second by a digital storage
oscilloscope (DSO) and the total noise power determined using the DSO signal processing
software. The magnetisation values of the abscissa (normalised to the remanent saturated
state M) were determined from conventional DCD plots of M as a function of reverse
field. The resultant curve shows a broad ‘valley’ with the minimum centred about the
demagnetised state. There is general qualitative agreement with the model for a system of
clustered particles. It is also consistent with previous experimental studies on other
particulate tapes that show a trough, or noise minimum, near to the remanent coercivity,
H: [7,8]. This is typically interpreted in terms of flux closure effects due to the clustering
of particles that is expected in real systems, which reduces the stray flux emanating from
these clusters in the demagnetised state as ‘seen’ by the read-head.

Although this model gives a qualitative agreement with the result in figure 4, there
are small asymmetric features in the experimental results which cannot be matched by a
simple statistical model. Furthermore, there are other examples where the asymmetry is
exaggerated [8,9]. This must result from the complex magnetisation states generated in
magnetic media as they are subject to applied magnetic fields. However, the model does
extend the approach of Mallinson to give a more realistic representation but still maintains
a simple physical interpretation of the features.

We can conclude that the statistical noise model, which takes into account various
easy axis distributions for both systems of single particles and clusters of particles has
highlighted that the total noise distribution is dependent on a subtle relationship between
the packing density and the mean cluster size in the system. The clustered model

compares favourably with experiment and provides the basis for further developments.
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Figure captions

Fig. 1. Noise distribution for various P , for an unclustered, system, when the easy axes
are generated from a bivariate distribution
Fig. 2. Noise distribution for various 5, for a clustered system, when the easy axes are

generated from a bivariate distribution. The expected cluster size per site is fixed at A = 3.

Fig 3. Noise distribution for various 2 when P =0.5 and the easy axes are generated

from a bivariate distribution.

Fig. 4. Experimental DC modulation noise measurements on particulate tape. The broad

minimum about the demagnetised state is best described by the clustered model.
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Figure 1, D.A. Parker et al.
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Figure 2, D.A. Parker et al.
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Figure 3, D.A. Parker et al.
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Figure 4, D.A. Parker et al.
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