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SUMMARY

We simulated the remagnetization dynamics of the ultra-dense and ultra-thin magnetic dot array system with

dipole-dipole and exchange coupling interactions. Within the propesed 2D XY superlattice model, the square dots
are modeled by the spatially modulated exchange-couplings. The dipole-dipole interactions were approximated by
the hierarchical sums aend dynamics was reduced to damping term of the Landau-Lifshitz-Gilbert equation. The
simulation of 40000 spin system leads to nonequilibrium nonuniform configurations with soliton-antisoliton pairs
detected at intra-dot and inter-dot scales. The classification of intra-dot magnetic configurations was performed
using the self-adaptive neural networks with varying number of neurons.
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1. INTRODUCTION

Many interesting applications of the periodic
magnetic dot arrays are expected in the field
of the magnetic recording [1] and magnetic sen-
sors. The typical properties brought by the ar-
ray geometry is the limited length of the spin
chains coupled by the exchange coupling and the
uniqueness of the magnetostatic interactions at
the scales comparable or larger than dot size.

The powerful tools to study the static and dy-
namic properties of magnetic nanostructures in-
cluding the thin films and isolated small particles
represent micromagnetic [2], and Monte Carlo
[3, 4, 5, 6] simulations. They are focussed to the
analysis of the nonuniform magnetization states.
On a purely qualitative level the intra-dot nonuni-
formities can be characterized as a mixtures of
vortices, flowers, domain walls, etc.. Our recent
activity is related to the search for the tools allow-
ing the systematic classification of the simulated
magnetic structures.

The methodology presented in this paper is
inspired by the progress in the theory of artifi-
cial neural networks, that are nonlinear models
suitable to reduce, classify or interpolate the in-
formation involved in the systems of the complex
patterns [7]. In the previous paper [8] we sug-
gested the implementation of radial basis function
networks to model the magnetic dot array mag-
netization processes. The lack of this proposition
was the absence of the network learning which
needs the data support from physically accept-
able micromodel simulations.

The above reasons led us to make some
progress towards the opposite direction by us-
ing the neural network analysis of the configura-
tions generated by the remagnetization processes
described by the XY superlattice model of the
ultra-dense array of the square dots limited to in-

plane spin polarization. The motivation for the
study of ultra-dense spin structures is the special
interest for the interfacial inter-dot effects. The
experimental studies of the magnetization rever-
sal are generally not in agreement with the fa-
miliar model of coherent rotation. Instead, com-
plex processes such as curling and buckling are
observed. The model structures were obtained
by simulations based on the numerical solving
of Landau-Lifshitz-Gilbert equation. The simu-
lations bring the usual problem of effective data
post-processing [9]. In the present paper the data
were treated by means of so called adaptive re-
sonance neural network ART, which is introduced
in section 3. This tool was used to classify the
intra-dot magnetic configurations, which are the
transients of the magnetization reversal process.
The ART choice is connected with its ability to
vary the number of neurons (network topology)
according to complexity of treated inputs, which
are in our case activated by the intra-dot mag-
netic configurations. In the section 4 we concen-
trate to the analysis of data provided by the simu-
lated magnetization reversal.

2. XY MODEL OF ULTRA-DENSE
ARRAY

The details of the remagnetization dynamics
are studied by means of the model of finite mag-
netic superlattice system described by the XY
spin Hamiltonian
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