In performing the simulations, the lattice size of 80=80 spins with periodic boundary conditions on
all edges were prepared (where results from larger systems were not significantly different for the
considered parameters in this study). Then, the non-magnetic sites with concentration ¢ ranging
from 0 to 20 percent were included into the structure. In this way, the normal Ising spins were
randomly substituted by the non-magnetic sites. In dilute structure, the Hamiltonian in Eq. (1) still
holds but one has to substitute the normal Ising spins from original values +1 to 0 for the non-
magnetic sites. Next, an initial magnetic configuration was set with all available spins pointing into
the up direction (+1). To update the configuration, the single spin flip Metropolis algorithm [4] was
used where the spin at site 7 (s;) was flipped to its opposite direction with a probability

p:cxp(—,f\ﬁ'j(f]x’kBT)_ The energy difference AE/(f)=2s, [Z}_s}. (f)+h(f)} is due to the

update at site 7 and time f. During the simulation, the s; was flipped (updated) if AF; <0 or a
uniform random number » € [0,1) is less than probability p. The unit time step is defined from one
full scan all sites of the Ising lattice, i.e.. 1 Monte Carlo step per site (mcs). From the magnetic
configuration at time f, afler the steady state of the hysteresis loop had been reached, the
magnetization per spin at time ¢ was measured i.e. m(r)=(1/ N)Z‘_ s, where N is the total number

of available Ising. Next, hysteresis loop (m-h relation) was drawn and the loop area 4 = ﬁmdh was

calculated to investigate how the area A responds to the amplitude A, the frequency f and the non-
magnelic concentration ¢. In this work, f varied from 0.010 to 1.000 mes’™, hy varied from 2.0 to
5.0.J. and ¢ varied from 0 to 20%. All simulations were done at temperature 7 = 2 J/kg which is
below the Curie temperature of the two-dimensional Ising model (7 = 2.269 J/kg [5]) to emphasize
the effect of non-magnetic inclusion on ferromagnetic hysteresis.

Results and Discussion

From the results, the response of the magnetic hysteresis to the non-magnetic inclusion is found i.e.
Figs. 1 and 2. In Fig. 1. the hysteresis loops for various fat ¢ = 0%, 10% and 20% are presented. At
a fixed ¢, it can be seen that the hysteresis loop has a saturated s-shape and tends to increase in size
with increasing f at low frequency region e.g. f'< 0.025 mes™. However, on further increasing f; the
loop gets its maximum area and later reduces to an oval-shape with its major axis parallel to the
field axis. This is the result of phase-lag between the magnetization and the field signal. At very
low f, the field period is large and the magnetic spins have sufficient time to follow the field signal
so the phase-lag between the magnetization and the field signal is small and the hysteresis loop
looks like a slim s-shape. However, on increasing f, the field sweeps faster and the spin have less
time in following the field. Thus, the phase-lag gets larger and so does the hysteresis. At one point,
when the phase-lag is approaching =, the hysteresis gets its optimum size. After that, if /is still
increasing, the spins feel very difficult in catching with the field so the overall magnetization does
not change much as the field changes. Therefore the hysteresis turns its shape in the oval-shape
with its major axis lying along the field axis. On the other hand, at a fixed f] on increasing ¢, the
hysteresis loop becomes smaller at low fbut larger at high £ This is since for the larger ¢, there are
more non-magnetic sites in the systems which cause smaller magnetic interaction in the whole
system. With a weaker magnetic interaction in the system, the phase-lag at m shifts to a higher f for
larger c.
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Figure 1. The hysteresis loops of the dilute Ising spins with varying frequency ffrom 0.010 to 0.400
mes™ at 7= 2 J/kg, ho = 2.0.J and the concentration ¢ ranges from a) 0% to b) 10% and ¢) 20%.

With the hysteresis trend suggested in Fig. 1, the hysteresis area 4 as a function of Ao, fand ¢ were
calculated. One example is shown in Fig. 2 where it presents several peaks of 4 (as changing ¢) as a
function of f7 At a fixed ¢, A gets increasing at low f'but reducing at high f7 This is consistent with
the hysteresis results in Fig. 1 where frequency at the peak (fy) corresponds to the phase-lag at m.
This f; shifts to higher [ as increasing the concentration ¢ due to the weaker magnetic interaction.
Notice that, at a fixed fand on increasing ¢, 4 reduces for low f'but increases for high 1.

L gop
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200/0 —
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£
Figure 2. Hysteresis area A of the dilute Ising spins as a function of field frequency fat 7'= 2 Jikp
and Ay = 2.J) for various concentration c.
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It is also of interest to consider the scaling of the area A4 to analytically investigate how it relates
with f, hg and ¢. Therefore, the scaling relation in a power law form

Ao o1 (1-¢) . 2
was considered where @ f and y are the exponents to scaling. These exponents tell how the
dissipation energy (the hysteresis area) relates to the external perturbation. Generally, since the
behavior of the area 4 is very different between the low fand the high f'regions. Therefore, in this
work, the scaling relation Eq. (2) is considered to fit the hysteresis area obtained from low f and
high fregions separately, where the low fregion is for /< 0.025 mes™ and the hi gh fregion is for >
0.250 mes™. The results from the fit are listed in Table 1 and quality of the fit is shown in Fig. 3.

Table 1. Exponents obtained from the fit using the scaling relation Eq. (2) and R* (R-square) of the
corresponding fit for both hysteresis area from both high f'and low fregions.

o B y R
High f -0.9365 1.638671 -1.34195 0.995763
Low f 0.401094 0.607942 1.743747 0.995841
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Figure 3. The scaling relation between 4 and f* b’ (1-¢)" based on Eq. (2) using the exponents listed
in Table 1. The linear lines and the R? to the fits show that scaling relation Eq. (2) is applicable.

Summary

Monte Carlo simulation was performed on the dilute Ising ultra-thin-film to investigate the effect of’
field parameters and non-magnetic concentrations on hysteresis properties. With increase
frequency, the hysteresis loop and its area were found to increase and decrease in low and high
frequency regions respectively. Consequently, the area results in peak over frequency domain. On
considering the non-magnetic inclusion, the weaker magnetic interaction shifts the low and high
frequency boundary to a higher frequency since it is easier for the spins to catch the change in field
signal in dilute system. Finally, the empirical scaling relation among the area, field amplitude and
frequency and the non-magnetic concentration in a power law form is successfully extracted.
Therefore, hysteresis properties under external field perturbation in dilute magnetic ultra-thin-film
can be predicted from this scaling relation.
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Abstract

In this work, Monte Carlo simulation was used to model the dynamic hysteresis
behavior of ferromagnetic Ising thin-films using the spin-flip algorithm. The purpose is to
investigate the thickness dependence of ferromagnetic hysteresis properties while varying
frequency and amplitude of the external field. From the results, with increasing the films
thickness, the calculated hysteresis properties significantly change due to the stronger
ferromagnetic coupling in thicker films. In addition, the universal power law relations
among the hysteresis properties, the thickness and the field parameters were found. The
scaling exponents were also reported which agree well with a previous experiment on
ferromagnetic thin-films.

Keywords: Monte Carlo; Ising thin-films; Hysteresis
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1. Introduction

The ferromagnetic thin-films have been a subject of intensive interest due to a
broad range of applications especially in recording applications [1]. For instance, one may
control the films thickness to obtain the magnetic hysteresis at a right shape to suit desired
technological purpose [2]. Therefore, the reasons why physical mechanisms involved in
these reduced structures are different from the bulk have become a topic of frequent
investigating issues. However, the description of how the hysteresis and their influences
on the magnetic properties of ferromagnetic thin-films are affected by the external applied
field is not quite well set up due to the underlying complexity of the reduced dimension.
For example, multilayered systems are known to change from two- to three-dimensional
class with increasing numbers of layers. Magnetic films, however, should belong to a two
dimensional universality class owing to the magnetic correlation lengths being
constrained by the films thickness. Therefore, this issue highlights the importance of the
dimensional pinning to the topic. Nevertheless, as direct observations are quite difficult
to obtain, this work models the dynamic magnetic hysteresis behavior using Monte Carlo
simulation which is a sophisticate technique for investigating statistical physics problems

[3-5].

2. Methodologies

In the study, Ising model was used to investigate the dynamic magnetic properties
of the films. This is since the Ising model is known to be a model with an infinite
anisotropy along its easy axis direction which is suitable for magnetic thin-films

structures [6-9]. This Ising Hamiltonian can be written as
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H=-J)s;s,—h)) s, . (37)
In the equation, ltﬂile spin s; (=li1) represents the direction of an Ising spin at site i where
its magnetic moment is absorbed into the exchange interaction J. In this work, the
exchange interaction J is used as a unit of energy. Therefore, this redefines the unit of the
external field as J and unit of temperature as J/kz. The symbol <i,j> denotes that sites i
and j appearing in the sum are nearest-neighbor pairs. The external magnetic field takes a
sinusoidal form i.e. /(f) = hosin(a@t) = hosin(2 zff) where hy and f are the field amplitude
and frequency respectively.

In preparing the systems, the lattice sizes of LxLx/ spins were considered with
periodic boundary conditions along the in-plane (xy) directions, but free boundary
condition along the out-of-plane (z) direction. In this work the films thickness / ranges
from 1 to 8 layers and L = 120 was considered. Results obtained from larger L (e.g. 240)
were not significantly different for the range of parameters used in this study. Next, an
initial magnetic configuration was set with all available spins pointing into the up
direction (+1). In updating the configuration, the single spin flip algorithm [10] was used
where the spin at site i (s;) was updated (flipped to its opposite direction) with a
probability

p=exp(-AE,(1)/ k,T). (38)

The energy difference AE,(¢)=2s, [st i (t)+h(t)} is due to the update at site i and
time 7. During the simulation, s; was flipped (updated) if AE; < 0 or a uniform random

number 7 € [0,1) is less than the probability p. The unit time step is defined from one full

visit of all Ising spins, 1.e. 1 Monte Carlo step per site (mcs). From the magnetic
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configuration at time ¢, after the steady state of the hysteresis loop had been reached, the

response magnetization per spin at time ¢/ was measured i.e.

m(t)=(1/N)Y_ s, (39)

where N is the total number of Ising spins. Next, hysteresis loop (m-4 relation) was drawn

and the loop area

A= [mdh, (40)

the magnetic coercivity 4. and the remnant magnetization m, were calculated to
investigate how the hysteresis properties respond to the amplitude 4y, the frequency f and
the thickness /, where / ranges from 0.010 to 1.000 mcs™ and /o ranges from 4.0 to 10.0
J. All simulations were performed at temperature 7 = 2.0 J/kz which is below the Curie
temperatures of all considered films [11] to emphasize the effect of thickness on

ferromagnetic hysteresis.

3. Results and Discussions

From the results, the response of the hysteresis loops to external fields for various
Ising thin-films were found. For instance, Fig. 1 shows examples of hysteresis loops for
various frequencies f at thickness / = 1, 2 and 8 layers. At a fixed /, it can be seen that the
hysteresis loop has a saturated s-shape and tends to increase in size with increasing f at
low frequency region e.g. < 0.025 mcs™. However, on further increasing 7, the loop gets
its maximum area and later reduces to an oval-shape with its major axis parallel to the
field axis. This is the result of phase-lag between the magnetization and the field signal.
At very low £, the field period is large and the magnetic spins have sufficient time to
follow the field signal so the phase-lag between the magnetization and the field signals is

small and the hysteresis loop looks like a slim s-shape. However, on increasing f, the field
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sweeps faster and the spins have less time in following the field. Consequently, the phase-
lag gets larger and so does the hysteresis. At one point, when the phase-lag is approaching
7, the hysteresis gets its maximum size. After that, if f'is still increasing, the spins feel
very difficult in following the field so the overall magnetization does not change much as
the field changes. Therefore the hysteresis turns its shape in the oval-shape with its major
axis lying along the field axis. On the other hand, at a fixed f but on increasing /,
the hysteresis loop becomes larger at low f but slightly smaller at high 7. This is since for
the larger /, there are more neighboring per magnetic-sites in the systems which cause
larger magnetic interaction in the whole system. With a stronger magnetic interaction in
the system, it becomes more difficult for spins to follow the field, so the phase-lag at &
reduces to a lower f for larger /.

Next, the hysteresis area A, the magnetic coercivity /4. and the remnant
magnetization m, as functions of Ay, f and / were calculated to investigate relations among
parameters. An example is shown in Fig. 2 where it presents several peaks of 4 (as
changing /) as a function of f for amplitudes /4, = 4.0 and 10.0 J. At a fixed /, with
increasing f, A gets increasing at low f'but reducing at high /'in good agreement with those
observed in experiments [12,13]. This is consistent with the hysteresis results in Fig. 1
where frequency at the peak (fy) corresponds to the phase-lag at w. This £ shifts to lower f
as increasing the thickness / due to the stronger magnetic interaction. With a same reason,
at a fixed f, A increases (especially at low f) with increasing /.

In addition, in Fig. 2, the area 4 increases with increasing the field amplitude 4
and its peak moves to a higher f. This is since the higher amplitude provides higher
magnetic energy to the system and this higher energy provides more magnetic force in

causing the spins to follow the field. As a result, the frequency at the peak (fy) shifts to
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higher f as the phase-lag between magnetization and field signals is smaller for the higher
amplitude.
It is also of interest to consider the scaling of the area 4 to analytically investigate

how it relates with f, /4y and /. Therefore, the empirical scaling relations in power law

forms
Acchg [T, )
h o hfPI7 (6)
and  m, ochOfPI, (7)

were considered where «, £ and y are the exponents to the scaling. These exponents tell
how the hysteresis properties relate to the external perturbation and the system geometry.
Generally, the behavior of the hysteresis is very different between the low f'and the high f
regions. Therefore, in this work, the scaling relation Egs. (5-7) were considered to fit the
hysteresis area obtained from low f'and high f regions separately, where the low f region
is for < 0.050 mes™ and the high fregion is for £ > 0.250 mes™ . Results from the fit and
their R* are listed in Table 1. Note that, exponents for m;, are only presented for the high f
as the non-linear fits for low f'do not converge. However, as can be seen from Table 1, at
low f, the exponents for both 4 and 4. are somewhat of the same magnitude. Therefore,

based on the assumption that 4 oc m &, the exponents of m, should be close to 1. This is
in accordance with hysteresis loop results where m, does not change much with changing
the films’ thickness and field parameters (e.g. see Fig. 1). On the other hand, for the high
/. the assumption 4 ¢ m,h, has proved its validity as &, ~ ¢, +¢,, , and so do Sand y.
Furthermore, the quality of the fit e.g. 4 oc 4’ I’ is shown in Fig. 3 where its good R’

shows that scaling equations are applicable. Furthermore, there was an experiment on thin

Fe/Au (001) films (at low frequencies) which give o = 0.59+£0.07 and F= 0.31£0.05 [13]
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while this study reports & = 0.543+0.026 and £ = 0.302+0.018. This good agreement
(within error bars) confirms the validity of this work and implies its success on modeling

ferromagnetic hysteresis in thin-films via Monte Carlo simulation.

4. Summary

In this work, Monte Carlo simulation was used to investigate the dynamic
magnetic hysteresis behavior of Ising thin-films using the spin-flip algorithm. As varying
the thickness, the frequency and the amplitude of the external field, the dynamic
hysteresis was extracted, discussed and compared with previous works. In addition, the
empirical power law relations among the hysteresis properties, the films thickness and the
field parameters are suggested. Therefore, based on these scaling relations and its
agreement with experiments, hysteresis properties under external perturbation can be

predicted which provide another successful step in modeling ferromagnetic materials.
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Figure 1
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Fig. 1. The hysteresis loops of the Ising films with varying frequency f from 0.010 to

1.000 mes™ at 7= 2.0 J/kp, ho = 4.0 J and the thickness / ranges from a) 1 layer to b) 2

layers and c) 8 layers.
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Figure 2
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Fig. 2. Hysteresis area 4 of the Ising films as a function of field frequency f/ at 7= 2.0

Jlkg for ho=2 and ho= 10 J.
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Figure 3
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Fig. 3. The scaling relation between 4 and 47 f”I” based on Eq. (5) using the exponents

listed in Table 1. The linear dependence and good R* show that the scaling relation is

applicable.
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OF a particular interest in [erroelectric esramics is the technological applicability as ferroelectric memarics. in
which high areal densitics and reduced access time are in demand. Consequently, the undersianding of how
hysteresis characteristics  correspond 1o material structures and  operating  environment is  important.
Nevertheless, theoretical studies are usually perfonned on ideal stress-free conditions. whereas real materials.
especially in thin-fitms structures. are affected from crystalline anisotropy from mechanical stress. and this may
lead Lo mappropriaw application designs, Thercfore. the ebjective of this study is to model such a situation. The
uniaxial stress dependence of the ferroelectric hysteresis properties of thin-ilms is studied via the DIFFOUR
model and Monte Carlo simulations, The stress and electric tield are applied onto the = direction of (he systems.
The polarization is measured via the hysteresis dvnamie. The preluninary results show hysieresis propertics
deerease with increasing stresses. The results are in good agreement with previous experimental investigation,

Kevwords: C. Ferroclectrie properties, Monte Carlo,
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Magnetic Hysteretic Properties in Dilute Thin-films:
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The ferromagnetic magnetic thin-films has been a subject of intensive interests and investigations
in view of a broad range of applications espevially in recording applications featuring from high magnetic
anisotropies [1-3]. Tn addition, in terms of tundamental interests in understanding, that the physical mechanisms
involved in those reduced structure systems are quite ditferent fom bulk propertics has become a topic of
frequently investigating issues, For instance, the magnetic hystercsis shape of the system under an applied
field in thin-films is tharoughly Jilferent from the bulk’s at a set of fixed parameters. As a result, one may
conteed the films’ thicknesses o obtain the magnetic hysteresis, or the relaxation delay (lag responsc)
belween the external magnetic Gefd and the response magnetization, at @ right shape which may suit desired
technological applications, e.g. wansformer and magnetic storage media, fscinating lots of innovative
applications [2-3]. However, the deseription of how the hysteresis and their influence on the magnetic
properties of ferromagnetic thin-films are uflected by the external applied field is not quite well sct up due to
the underlying complexity of the icro-structural influences. For examples, in determining the properties of
real materials, the importance of defecws, especially the vacancy, should not be gveided. This highlights the
importance of the anisolropic intertace whick makes the problem very complicate. Generally, however,
direet abservations of defect interactions to hysteresis properties are diflicult to obtain. Ove is therefore
restricted 1o computer simulation methods to gain further insight. Consequently, in this study, the dynamic
magnetic behavior was modeled in magnetic thin-tilms simplifving 1o ulva-thin-film stucture. To understand
ferromagnetic materials numerically, in this work, the magnetic propertics and its dynamic mugnetization
switching (hysteresis) are investigated by means of Mente Carlo simulations with an inclusion of defeets at
nano-scale level, e.g. vacant atoms at concentrations ranging from 0 to 20 pereents ot all available magnetic
sites. The model being used is the [sing oype, which has been proved ¢ be a uselul model for magnetic
thin-films [4-71, and the spin-ip algorithm is used o update the magnede configurations. As varving the
vacancy concenurations, temperatures, and the [requencies of the external fickd, the observables ie the
magnetization as a function of the magnitude of magnetic tield are taken. From the results, it 1s tound that by
increasing the vicancy concentration, at a fixed temperature and magnetic field frequeney, both the
coercivity and the remanence reduces due to the weaker ferromagnetic interaction in the system. Further
imvestigation of how the Tysteresis area varies with vacaney concentration is carrying out Lo extract the
scaling relation ! lixed remperawares and ficld parameters.,
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propertics ane investigated as varving the non-magnetic-site concentration, specifving the magninide of dilution, and both magnetic field frequencies and
amplitudes close 1o phase transition region where the single spin flip Metropolis algorithm is used, From the results, at o fived temperature and feld
amplitude, the hysteresis tends to increase in shape with increasmg frequency at low frequency region but reduce at high frequency region due to the
increase of the phasedag. However, when non-magnetic inclusion is taken inte account, the phase-lag tends to shift to higher frequency as a result of
weaker i i ion. In addition, the g the hys is propased in

Introduction

® The respormes of & magnetic system under an external fald = Inthe sy, Monte Caghe sl i off the g mods with Hartilionian
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Results

Hysteresis area A as a function of field
frequency  (simulated at 7= 208, k- =2.0)

'
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The Invsteresis loops For vardous Mirom 0.000 to 0.400 mes? a1 7= 2
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AL L
[ e e
=

The scaling relation A = &N 1-c) using the
exponents listed in Table 1,

hlpsﬁriwm!f G i
o, and f° from a) 0.010 to b) 0,064 and ¢} 0HM mcs-1

Discussions and Conclusions
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incpease of phasc-lag between magnetiration and magmctie Gl signal (Fig. 13 O ihe ofher haed, with mcressing i, therein

s el hysieresks tends oo stabelizs due fo stromger magnetic driving fece 12] M Plunimser {Bd. ), The Physics of Ulira-High-Density Magnetss
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= Cm penforming scaling relation between anea A and other parameters in & powe b form, the oxponems o the scaling [4] 2 3 i, AW,  MN. B AH Toller sl B
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July 7 - 11: Five days of conference with 10 invited one-

hour plenary talks, and several 30-minute talks organized in Speakers

sessions of 3 or 4 taks, including some special thematic sessions, with at most three Josef Dick (UNSV)
parallel sessions at a time. A selection of papers from the conference will be published after

the conference, most likely as a Springer-Verlag book, as was the case for the seven Arnaud Doucet (UBC)

revious editions.
v Daan Frenkel (AMOLF)

Paul Glasserman (Columbia)
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April 4, 2008

Yongyut Laosiritaworn

Department of Physics, Faculty of Science
Chiang Mai University

239 Huay Kaew Road, Suthep

Muang, Chiang Mai

Thailand 502000

Dear Yongyut Laosiritaworn,

[ am pleased to invite you to give an oral presentation entitled “Monte
Carlo Simulations in Advancing Magnetic Recording Applications™ at

the conference Eighth International Conference on Monte Carlo and

Quasi-Monte Carlo Methods in Scientific Computing, at
HEC Montréal, Canada, on July 6-11, 2008.

To attend at the conference, you will need to pay the air fares, the full
registration fees and the accommodation fees by your own or by your

institution.

Practical details (venue. hotels, ete.) can be found on our Website
(http://www.crm.umontreal.ca/meqmc08/).

Please do not hesitate to contact me for any further information you
may need.

I look forward to welcome you in Montréal.

Best regards.

/ )

Pierre L."Ecuyer
Université de Montréal. Canada
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Monte Carlo Simulations in Advancing Magnetic
Recording Applications

Yongyut Laosiritaworn

Department of Physics, Faculty of Science, Chiang Mai University, Chiang Mai 50200,
Thailand

vongyut_laosiritaworn@yahoo.com

The ferromagnetic thin films have been a subject of intensive interests in view of hoth tech-
nological applications [1| and fundamental interests, where physics in reduced structure is
different from those in bulk. However, the description of how the magnetic behavior in films
structure are affected by the external field is not quite well set up due to complexity of
the reduced dimension. For example, multilayered systems are known to change from two
to three dimensional class with increasing numbers of layers [2 Magnetic films, however,
should belong to a two dimensional universality class owing to dimensional ratio. There-
fore, this discrepancy highlights the importance of the dimensional pinning to the problem.
Nevertheless, direct observations are difficult to obtain; consequently, many numerical tech-
niques have been used to understand the ferromagnetic behavior e.g. the mean-field method
or the first principles electronic structure caleulation. However, these two methods have not
yet properly taken the thermal fluctuation into account. Therefore, that the results obtained
from these methods are applicable and correct for a wide range of temperatures is still of
some curiosities. On the other hand, the Monte Carlo simulation (based on a stochastic
method) has proved to be a useful model in cooperating with thermal disturbance. For ex-
ample, the Monte Carlo simulations in two-dimension Ising model agree very well with the
exact solutions. Therefore, the Monte Carlo iz expected to be a promising technique when
considering the effect of thermal fluctuation on magnetic properties in various structures.

In this talk, the Monte Carlo techniques used in statistical physics especially in magnetic
thin-films modeling are introduced [3]. A few algorithms which follow the stochastic detailed
balance and ergodicity in thermal equilibrium are given and briefly described. Then, the ap-
plications of this Monte Carlo in some ferromagnetic thin-films systems are presented. Based
on its results, these have provided another fruitful step in understanding the ferromagnetic
phenomena and suggest Monte Carlos role in advancing the magnetic recording applications.
Finally, as an addition to ferromagnetic studies, an extension of this Monte Carlo technique
to other ferroic topics such as ferroelectric applications is also suggested and discussed.

[1] T. Osaka, T. Asahi, J. Kawaji, T. Yokoshima, Electrochim. Acta 50, 4576 (2005},
[2] Y. Li and K. Baberschke, Phys. Rev. Lett. 68, 1208 (1992).
]

[3] M. E. J. Newman and G. T. Barkema, Monte Carlo Methods in Statistical Physics
(Clarendon, Oxford, 1999).
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Effect of system Effect of external
structure e.g. geometries, perturbation e.g.
defects, etc. temperatures, field,
external stress, ete.
Monte Carlo
simulation

Introduction

[ >

Examples

& motivation

MCQMC'08
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Introduction and motivation

** Technological and fundamental importance (Johnson ef al.
1996)

MCQMC'08

%l Especially in memory application.

++ The blooming of information technology era.

“* Among digital storage, the magnetic storage is of preferable in terms of

cost-effectiveness.

l':'nu&

Pholographs

Infoemabon stock
in 2000

Total: 102 EB

Source : Muira (2001)

MCQMC'08
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% Increasing the areal density

IBM RAMAGC 1956:

|
stack of 50 giant discs, 24" diameter L ——J-

5 Mbyte

100 songs

340 Mbyte

1956: IBM 305 RAMAC Computer with Disk Drive

70 kbits/s e 180 Mbits/s
IBM RAMAC 1956 IBM Mierodrive 1999
2 kbits/in? 6 Gbits/in?
50 x 24-inch diameter disks 1-inch diameter disk

MCQMC'08

Roadmap
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“The Superparamagnetic Limit
has Entered the Building.”

MCOMC'08

Richie Lary

Superparamagnetic effect.

*» Magnets get unstable if they get too small !

Bit transition

% Stability depends on:
+ Magnetic domain
* Magnetic coercivity
* Temperature
* Surrounding polarity

MEQMC08
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