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Recorded Magnetization Distributions
In Thin Film Disk Media

B. K. Middleton, M. Aziz, M. Wdowin, and J. J. Miles

Abstract—The magnetization distributions in recorded tran- have been shown to have good agreement with experimental
sitions in thin film disk media are shown to consist of simple observations of both noise spectra and total noise powers, at
longitudinal magnetization transitions along with flux closure least until the onset of supra-linear noise at high densities.

patterns. Together they give rise to the familiar sawtooth patterns . .
but also indicate why arctangent and other approximations used Therefore, it seems, overall, that while the sawtooth nature

in record theory have proved so successful even when sawteethOf transitions is very evident, the use of arctangent theory has
are known to be present. persisted and that even in circumstances where the transitions

Index Terms—Disk media, magnetic recording, magnetization do not at least superﬁci_ally ellppear to be of arctangent nature,
distributions. the arctangent theory still enjoys some success. It would seem
proper to ask why this is the case, and the aim of this paper is
to discuss the nature of transitions and give some background
to the success of analytical record theory.

T IS NOW well established that recorded magnetization

transitions in thin film disk media take on a form which
is often referred to as zig-zag or sawtooth. There is an
abundance of experimental evidence describing the nature oMagnetization distributions within recorded transitions have
these transitions [1]—[4], and it is regularly assumed that tf@en produced by micromagnetic modeling of a granular
sawtooth nature arises through a process of energy reducti@ftictured thin film [15]. Results described here are for a
There is also evidence that the energy reduction process leB# of thickness 30 nm, with cylindrical grains of circular
to the formation of flux closure patterns or vortices withiffrosssection disposed on a hexagonal lattice and with diameter
transitions [5]. The presence of such transitions has ald8 nm, with no exchange coupling between grains, with
been predicted by micromagnetic modeling [6], [7], and theg&lisotropy axes distributed randomly in three dimensions, with
predictions have shown a great similarity to the experiment&@agnetization 1.5< 10° A/m, and with a packing fraction
observations [1]-[3]. 0.777. Fig. 1 shows the distribution at a recorded transition and

Despite a growing background of knowledge of the exidts breakdown into various components. Fig. 1(a) represents
tence of sawtooth structures, record theories based on traf3¢ variation of the magnetization component parallel to the
tions with simple one-dimensional forms, such as arctangdgeorded track across a sequence of transitions and here
[4], [8], tanh, or error function [8], have over the yeardhe familiar sawtooth nature is strongly evident. This has
persistently been successful in predicting many experimenggen broken down into the curl-free and divergence-free
observations. Concerns about the limitations of such theor@mponents [15] of magnetization, in the manner described
has led to a number of theoretical treatments of recordiy Beardsley [16], via the compution of Lorentz differential
sawtooth patterns [9]-[11], and rather surprisingly, these haRBase contrast (DPC) and field [in this case magnetic force
shown results which are broadly similar to those obtaindBicroscope (MFM)] imagings. Fig. 1(b) shows the curl-free
using arctangent theory when describing written transitio§@mponents of magnetization and Fig. 1(c) the divergence-free
widths [9]-[11]. Even as transition widths have been reducé@mponents. It is perhaps surprising that the magnetization of
and more complicated micromagnetic structures have been H}# transition breaks down so distinctly into two components
parent within transitions [5], there has been a continued usev#fere the divergence-free component shown in Fig. 1(c) con-
arctangent theories which have remained at least superficid@jns all, or virtually all, of the sawtooth structure leaving the
successful in predicting recording properties_ curl-free Component with relatively little “decoration.” This

Noise in thin film media has long been said to be assodgads to the unexpected conclusion that the superstructure of
ated with distributions of sawtooth amplitudes and locationf)€ transition, that part which gives rise to the sawteeth, is
However, the successful theories of noise are still based @iergence-free and that what is left which is not divergence-
the assumptions of arctangent transitions [12]-[14], and thd&@e is a very “orderly” longitudinal magnetization transition.

It is clear that the sawteeth are only a manifestation of
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I. INTRODUCTION

Il. MICROMAGNETIC PREDICTIONS
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Fig. 1. Micromagnetic simulation of a recorded transition. (a) Total magn
tization component along the track supporting a sequence of transitions.
Curl free components of magnetization. (c) Divergence free components

magnetization.
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transition active during the recording process. It contributes
the stray field which adds to the head field during the recording
process and also contributes the replayed signal.

Ill. DISCUSSIONS AND OBSERVATIONS

To illustrate how the magnetization components of Fig. 1(b)
and (c) come together to produce a sawtooth-like pattern,
consider the example shown in Fig. 2. Fig. 2(a) shows an
arctangent magnetization distribution defined by

2
My = ZMtant2 1)
Qs a

where M, is the magnetization component along the track
« direction, M, is the remanent magnetization, aads the
transition-width parameter which, in this case, is given a value
of 0.3 um. This is a curl-free distribution very reminiscent
of that given in Fig. 1(b). Fig. 2(b) shows a divergence free
distribution given by the simple formulas

b? 2mz
M2 = M1,7$2 I ~COS< 3 ) (2a)
b -2z . (272 1
st () mwm @

where M. and M. are itsz and » (transverse) components
of magnetization} is the width of this distribution in the track
direction, and\ is the wavelength in the cross-track dimension.
The divergence-free nature of this distribution can be verified
by showing that

dM n dM,
dx dz

Fig. 2(b), obtained fob = 3a andX = 1.3 um, while showing

a flux closure pattern also exhibits largeomponents of mag-
netization. Fig. 2(c) shows the vector sum of the distributions
in Fig. 2(a) and (b) using

—0. 3)

1/2
M = |(My1 + Myo)? + M2| . 4

It is an excellent demonstration of how a simple transition,
added to a flux-closure pattern, leads to what appears to
be a sawtooth pattern. Visually there appears to be little
transverse magnetization or flux closure but an impression
of purely longitudinal magnetizations meeting at a sawtooth.
In this transition, the arctangent (curl-free) component of the
magnetization distribution produces stray fields and induces
replay voltages, whereas the flux closure patterns do not.
Although it is stated above that the arctangent component
of magnetization is the active part of the transition through its
production of stray fields, the flux-closure patterns do remain
part of the transition. Both components coexist and the vector
sum of the two will add up to a magnetization equal to the
saturation magnetization in the thin film medium (that is not
the case in this illustration). A change in one component will
lead to a change in the other and when, for example, the curl-

Zﬁe component of a recorded magnetization transition widens

er moving away from the record head field distribution,
there must be a change to the divergence-free components
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Fig. 2. (a) A magnetization distribution at an arc tangent shaped transitioruwith).3 um (1). (b) A divergence free magnetization distribution given by
(2a) and (2b) withh = 3a¢ and A = 1.3 um. (c) The total magnetization at a transition formed by adding the distributions of parts 2(a) and (b).
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