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Abstract. Granular magnetic recording media with perpendicular anisotropy are the basis of

information storage in hard drive. This is the case for current media and future technologies

such as heat assisted magnetic recording (HAMR), microwave assisted magnetic recording

(MAMR) and heated dots. It is therefore important to understand the common methods

of media characterisation, which often use quasi-static magnetic measurements. A granular

micromagnetic model based on the kinetic Monte Carlo (kMC) approach is developed to

investigate the timescales relevant to these measurements. The model is used to investigate

the effects of the microstructure and the intergranular interactions on the magnetic properties

including the angular dependence of the magnetisation and the time dependence of the

coercivity. The latter is shown to be strongly dependent on intergranular interactions.

Keywords: kinetic Monte Carlo, intergranular exchange interaction, switching field

distribution, easy axis distribution.
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1. Introduction

Magnetic recording media remain the dominant form of

long-term information storage, nowadays concentrated in

data centres. The current rapid increase in the generation

of business and personal data fuels the requirement for

increased data density on individual drives. The increased

density is achieved via a scaling process involving reduction

of the grain size of the storage medium in order to preserve

signal to noise ratio. This leads to the requirement of

increased magnetic anisotropy in order to ensure long-

term thermal stability of the written information which

necessitates a minimum value of the stability parameter

KUV/kBT = 60 where, KU is the uniaxial anisotropy, V

is the grain volume, kB is the Boltzmann’s constant and T

is the temperature. The well-known recording trilemma is

completed by noting that the write-field required increases

with KU . Reducing magnetic grain size (D<7 nm [1, 2, 3])

leads to improved performance, but current systems, based

on perpendicular magnetic recording (PMR) technology,

are already approaching the limiting densities imposed by

the trilemma, given that write-fields are limited to around

1T or less using conventional inductive technology. Further,

the dimensions of the writer is also limited [4]. Moreover,

the limited field resolution and gradient provided by the

narrower shielded-pole writer for PMR can be one source

of noise in the medium [5]. Current PMR media are widely

based on CoPt [1, 3, 6].

Future magnetic recording technologies will need

to circumvent the trilemma. The two main candidates,

essentially energy-assisted techniques, are: Heat Assisted

Magnetic Recording (HAMR), where laser heating is

used to lower the switching field of the medium [7, 8],

and Microwave Assisted Recording (MAMR) where the

writing process is assisted by using an ac magnetic field

at microwave frequencies generated from a spin torque

oscillator [4, 9]. While MAMR could be used with current

media types, HAMR adds the requirement of a low Curie

temperature (Tc) so as to avoid excessive heating of the

recording medium. Currently the most likely candidate

for HAMR is the binary alloy FePt, which combines the

requirements of large KU and low Tc. Thus, current and

future recording systems cover a wide variety of medium

types. Common to all media and systems is the need to

investigate and understand the effects of basic parameters

such as anisotropy and grain size dispersion and the

dispersion of easy axis orientation. While these parameters

are less important for HAMR, they are still relevant for the

long-term stability of recorded information which may be

exacerbated by the increase of temperature resulting from

the writing of neighbouring tracks.

The standard micromagnetic model is used to describe

the magnetic properties and switching behaviour of

PMR media. The micromagnetic model based on the

stochastic-Landau-Lifshitz-Gilbert (LLG) equation [10, 11]

is commonly used to study the switching behaviour of the

magnetic recording layer during the recording process, and

is limited to timescales of a few tens of nanoseconds due to

the requirement of small timesteps. Moreover, the atomistic

spin model [12] can be also used to study the information

on the magnetisation reversal process and dynamics in

the atomic detail. Although this gives physical insight,

especially into the HAMR process, it is computationally

limited to investigating the recording process on tens

of grains. Here we are considering the quasi-static

magnetisation processes taking place on timscales from

microseconds to hundreds of seconds. The kinetic Monte

Carlo method [13], although neglecting precession, is

constructed for the range of timescales of concern in this

work. Therefore, we use a granular micromagnetic model

to investigate the magnetic properties of recording media in

this work. The simulation is based on a kinetic Monte Carlo

(kMC) approach in which the magnetostatic interaction and

the intergranular exchange coupling are taken into account.

In addition, the effect of easy axis distribution is also

included. The effect of crucial parameters for thermal

stability such as grain diameter, anisotropy constant, film

thickness, easy axis distribution, and particularly grain size

distribution are investigated. Calculations of magnetisation

curves, the switching field, and the angular dependence on

the critical field Hcr are presented to study the magnetic

properties and reversal behaviour.

2. Model description

We have developed a granular micromagnetic model based

on the kMC approach to theoretically investigate the

effects of anisotropy dispersion and microstructure on the

magnetisation reversal process in recording media with

large perpendicular anisotropy. The aim is not to study the

recording process itself: rather we are interested in the long-

timescale (quasi-static) magnetisation processes which are

used in the practical characterisation of the media. The

kMC approach is necessary to access this timescale. Such

a model is important for the characterisation of the media

and also for the understanding of the long-term decay of

written information. As a result our investigation is relevant

to current perpendicular recording media and also to media

for HAMR.

The model is based on kinetic Monte-Carlo (kMC)

technique [14, 13]. The probability of grain switching is

determined based on the Arrhenius-Néel relaxation time

for stationary state. The free energy of magnetic system

in form of Stoner-Wohlfarth theory [15] is dependent on

the anisotropy constant KU , grain volume V , and the total

local magnetic field HT = Ha + Hdip + Hex where Ha is

the external magnetic field applied for grain switching,

Hdip is the magnetostatic field, and Hex is the intergranular

exchange field which depends on the structure of the

grains in the system, specifically the contact length between

neighbouring grains and the cross-sectional area of a grain.
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The calculation of the intergranular exchange interaction is

presented in the work of Peng et al. [16]. Dispersion in the

contact length and grain size results in a dispersion of the

exchange field. Further details of Hdip calculations can be

found in Refs. [14, 13]. Therefore, All magnetic grains

have an intrinsic energy barrier written as the following

equation

E = KUV (e ·m)2
−µµµ ·HT, (1)

where, the unit vectors e and m are the direction of the easy

axis and the magnetisation, respectively. µµµ represents the

magnetic moment of each grain.

In the kMC approach the switching probability is

dependent on the measuring time tm which is the time used

to measure the magnetization at each field as follow,

Pt = 1− e−tm/τ, (2)

where, the relaxation time τ is given by the Arrhenius-Néel

law

τ−1 = f0 exp(−∆E/kBT ). (3)

Here, f0 is an attempt frequency and ∆E is the energy

barrier. Typically, large energy barriers of > 60kBT are

required in order to ensure long-term thermal stability of

written bits.

We now consider the effect of the misorientation of the

magnetic easy axes. Easy axes are chosen randomly within

a Gaussian dispersion of angle about the normal. The total

energy barrier including the effect of anisotropy dispersion

can be written as

Eb(HT,ψ) = KUV [1−HT/g(ψ)]κ(ψ), (4)

where g(ψ) = [cos2/3 ψ+ sin2/3 ψ]−3/2 and κ(ψ) = 0.86+
1.14g(ψ) are the numerical parameters given by Pfeif-

fer [17] where ψ is the easy axis orientation with respect

to the total field (HT).

The kMC algorithm is applied to evaluate the time

evolution of the magnetisation by calculation of the

transition probability in equation 2. The energy barrier

in equation 4 for all grains is calculated at each field

step to investigate the relaxation time in order to consider

the transition rate between the two minima energy states

τ−1 = τ−1
12 + τ−1

21 . For transition probability, a random

number, x (0 < x < 1) is generated to determine the

reversal probability of each grain. if Pt > x, the reversal

of magnetisation is allowed whereas if Pt < x, the grain

remains in its current minimum. It is noted that the rate

dependence of the coercivity, Hc can be obtained by varying

the timestep in the hysteresis loop calculation.

In order to construct a realistic media microstructure,

it is important to simulate the physical structure of magnetic

grains by including the non-magnetic grain boundaries

[18]. In previous work [3, 19], we experimentally

presented the transmission electron microscopy magnetic

grain images of advanced PMR media including exchange

coupled composite (ECC) media and continuous granular

composite (CGC) media. We found that the microstructure

of advanced PMR media depending on the detail of the

sputtering process. The grain structure is created using

the Voronoi construction. The process starts with seed

points on a regular hexagonal grid. These points are moved

randomly by a maximum distance δ, which determines the

degree of order of the lattice and the dispersion of the grain

size. The distribution of grain size produced by this process

is close to lognormal, in agreement with experiment [3]. A

calibration curve of the standard deviation of the lognormal

distribution, σlnD as a function of the value of the maximum

distance, δ is calculated and used to determine the input

value of δ for a given required σlnD.

Figure 1 shows the typical different physical structure

from Voronoi construction comparing with the bright field

in-plane TEM images of the advanced recording media

from refs [3, 19]. For small δ, the Voronoi construction

creates a uniform structure close to that of a realistic

ECC/CGC medium as shown in Fig.1(a). Meanwhile,

the Voronoi construction can also create a more distorted

structure as shown in Fig.1(b). In this work, we generate a

series of microstructures with specified grain size and size

distribution as found in realistic recording media [14, 20,

21, 22].

Figure 1. (Color online) the comparison of physical microstructure

between Voronoi construction and bright field in-plane TEM image of

advanced PMR media [19]: a) uniform magnetic grains system and b)

more non-uniform magnetic grains system.

Here, we consider specifically a CoPt-based alloy [12],

although the model is also applicable to the static properties

often used to characterise HAMR media. We study a system

with uniform grain size distribution. The lateral system size

of the film is fixed at 200 nm with the median grain diameter

(Dm) of 6 nm with a film thickness of 10 nm. It is noted
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that the soft magnetic underlayer (SUL) is not included into

kMC calculation due to the fact that the recording layer

and SUL are separated by the thick seed layer which is

to prevent intergranular exchange coupling in the recording

layer via SUL.

3. Results

We have applied the granular model of recording media

to investigate the magnetic properties and in particular the

effects of anisotropy dispersion and the microstructural

design such as magnetic grain size, film thickness and

grain size distribution. The results are of interest for the

investigation of both the commonly magnetic materials

as CoPt-alloy used in current recording technologies [12]

for media and HAMR applications. Moreover, the

magnetisation reversal behaviour is also investigated as a

function of the film thickness via the angular dependence

of the critical field, Hcr(θ) in order to understand the

reversal mechanism of advanced media for PMR and

HAMR technology. It is noted that the measuring time is

set to 0.1 second per field step where the sweep rate of all

calculations is 2500 Oe/s.

The different physical structures are generated via

Voronoi construction within a computational cell having a

lateral size of 200 nm2. The magnetic parameters of CoPt

alloy used in this kMC simulation are Curie temperature,

Tc = 700 K [23], the saturation magnetisation, Ms = 600

emu/cc [24], and KU = 1 × 107 erg/cc [24, 25]. All

simulations are performed at 300 K. The calculation results

are separated into three main parts which will be discussed

in detail as follows.

3.1. Effect of physical microstructures

The effects of physical microstructure on the magnetic

properties of PMR media with varying grain size (Dm),

grain size distribution, and film thickness (t f ilm) are

considered. For realistic calculation, the magnetostatic and

intergranular exchange interactions are included into kMC

model. Further details of both Hdip and Hex can be found in

Ref.[14]. The effect of grain size is firstly investigated by

varying the diameter from 4 nm to 16 nm with a diameter

step of 2 nm. In our previous work [14], we proposed a

two-stage fitting procedure to extract the exchange field and

easy axis dispersion from advanced PMR media. We found

that an exchange field of 2 kOe was a reasonable value for

the current recording media. Therefore, the intergranular

exchange field strength (Hexch) between grains is fixed as 2

kOe unless indicated otherwise. It is noted that the effect

of the easy axis distribution (σφ = 0◦) is not considered and

the grain size distribution is generated as uniform magnetic

grains for this case study.

The typical normalizated half hysteresis loops with

variation of median grain diameter at fixed film thickness of

10 nm have been calculated using the kMC micromagnetic

Figure 2. (Color online) Half hysteresis of CoPt alloy for different median

grain diameters at (a) Hexch= 2 kOe (weak exchange) and (b) Hexch= 8 kOe

(high exchange).

model as depicted in Fig.2 (a). The result shows that

the value of coercivity field (Hc) is gradually reduced

by decreasing the grain diameter. Meanwhile, grain

diameters less than 6 nm shows the transition to unstable

or superparamagnetic behavior of the media, with the

remanence value (MR) decreasing more than 50 %.

Interestingly, we also found that the slope of the normalized

magnetisation curve at the Hc is steeper with increasing

grain diameter although the exchange interaction is fixed

at 2 kOe (weak exchange). Further, we now proceed to

investigate the change of the slope of magnetisation curve at

Hc due to the effect of strong exchange interaction (8 kOe).

The half hysteresis loop with the grain size dependence is

presented as shown in Fig.2 (b). It is clearly seen that for

large grain diameter (> 10 nm) with the increased exchange

interaction affects only the coercivity but not the form of

the magnetisation curve as shown in Figure 2 (b). This

is probably due to the fact that the magnetic system with

larger grain diameter is already highly thermally stable

which means that the exchange will tend to shift rather than

enhance the energy barriers.

One of the most crucial parameters for enhancing the

performance of advanced recording media is the switching

field distribution which originates from several factors, in

particular the grain size distribution. The well-isolated

grains segregated by the silicon oxide with small and

uniform grain size distribution is required as bit-patterned

media [26]. However, for conventional media the exchange

coupling interaction between grains is still useful since

it counterbalances the demagnetizing field. Hence, the

effect of the uniformity of magnetic grains, which is a

large contribution to the dispersion of the exchange field,
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Figure 3. (Color online) Half hysteresis of CoPt alloy for various value of

grain size distribution including the effect of intergranular exchange field

coupling at Hexch= 2 kOe.

on the magnetic properties is also investigated. In order

to investigate the effect of grain size distribution on the

switching process, the microstructures for different media

types as discussed earlier are constructed by Voronoi

construction. Here, the dispersion of grain size is defined

by using the variation of the standard deviation σlnD

obtained from the distance to move δ as described in Sec.II.

The standard deviations of the lognormal distribution σlnD

are controlled at 0.05, 0.15 and 0.3 for the different

microstructure as uniform, non-uniform and more non-

uniform respectively.

In this study the grain diameter and film thickness

are fixed at 6 nm and 10 nm respectively with Hexch= 2

kOe. The magnetisation curves with varying grain size

distributions are compared as depicted in Fig.3. The result

shows that the tendency of M-H loop almost superimpose

for the uniform and non-uniform systems whereas the more

non-uniform system shows the reductions of the M-H slope

leading to increased SFD and also reduction of MR and the

nucleation field (Hn) at which the magnetisation starts to

reverse. This is possibly due to the increased distribution of

energy barriers arising from the distortion of each grain in

the system.

We now also proceed to investigate the effect of the

uniformity of grain structure on Hc with different values

of exchange field Hexch which is varied from 1 kOe to 5

kOe with a field step of 1 kOe. Fig.4 shows the variation

of Hc as a function of Hexch for the different distribution

of magnetic grains. Firstly we note that the coercivity

increases with increasing disorder. This is consistent with

the results of Peng et. al [16], who show that the increase of

disorder leads to effective pinning sites which increase the

coercivity. Although the decrease in Hc is monotonic for the

most non-uniform (highly disordered) case, the variation of

Hc with exchange field is weaker for the uniform and non-

uniform cases with a slight increase for large exchange.

This could be due to the increasingly stabilising effect of

the large exchange field for these cases. This confirms

the significant effect of the exchange interaction and the

microstructure on the switching process.

This confirms the significant effect of the exchange

interaction on the switching process.

Figure 4. (Color online) The effect of intergranular exchange field on

coercivity as a function of grain size distribution.

3.2. Angular dependence of Hcr

In order to understand the magnetisation reversal behavior

for advanced recording media with small grain size, the

angular dependence of the critical field, Hcr [12] as a

function of film thickness is investigated, including the

magnetostatic field, intergranular exchange field and the

thermal effects at room temperature 300 K. Moreover, the

easy axis dispersion expected to affected the magnetisation

reversal behavior is also studied. In order to determine

the effect of easy axis distribution, the comparison angular

dependence of Hcr at the perfect alignment case, σφ = 0◦

and small easy axis distribution, σφ = 3◦ is performed as

Figure 5. The definition of the critical field is the field

at which the magnetisation irreversibly flips between two

stable states of the energy surface.

The smallest grain diameter is fixed at 6 nm to

remove superparamagnetic behaviour. The effect of film

thickness is investigated varied in the range 4 nm to 14

nm. The variation of Hcr as a function of applied field

angle θ from the film normal ranges from 0◦ to 60◦. The

angular dependence of Hcr(θ) normalized by Hcr(θ = 0) is

calculated at 300 K and σφ at 0◦ and 3◦ in order to include

the effects of thermal activation and easy axis distribution

respectively on the reversal behavior. Fig.5 (a) and (b) show

the angular dependence of the critical field as a function of

the film thickness in order to understand the effect of the

physical structure on the magnetisation reversal mechanism

at σφ = 0◦ and 3◦ respectively. The coherent magnetisation

reversal can be indicated from the minimum field angle at θ
= 45◦ corresponding to the Stoner-Wohlfarth theory [15].

We found that the inclusion of easy axis distribution

does not affect the curve of the angular dependence of

Hcr and the magnetisation reversal behavior especially at
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the thick film. But it obviously causes the sharp of the

variation of Hcr at thin thickness 4 nm as shown in Fig.5

(a) and (b). For the thick film of 14 nm, it is obviously

seen that the minimum value of Hcr is 0.5 of Hcr(0) at

45◦ which is similar trend of the Stoner-Wohlfarth behavior

[15]. This behavior exhibits the coherent magnetisation

reversal process which implies the individual switching

of each grains for thick film. Meanwhile, the trends of

angular dependence of Hcr for decreasing film thickness

show a deviation from the coherent reversal behavior. The

minimum switching field angle is shifted to 30◦ when the

film thickness reduces down to 4 nm as shown in the

inset. This shows that the reduction of film thickness

results in more complex reversal processes. It is due to

increasing thermal instability or perhaps more importance

of the interactions. Interestingly, our result shows similar

behavior to experimental work reported by Morrison et.al.

in Ref. [27].

Figure 5. (Color online) The angular dependence of Hcr on the variation of

film thickness comparing with S-W theory. The inset gives the minimum

angle of Hcr as a function of the film thickness.

3.3. Effect of easy axis distribution

The switching field distribution is a significant factor

impacting the performance of advanced recording media.

The main contributions to the SFD originate from the easy

axis distribution and the crystalline anisotropy constant.

A small dispersion of easy axis orientation leads to a

rapid reduction of the switching field according to Stoner-

Wohlfarth theory [15]. We now consider the combined

effects of the easy axis dispersion and the crystalline

anisotropy constant on magnetic properties in particular

the value of coercivity. A uniform grain size system

with diameter of 6 nm and film thickness of 10 nm is

investigated. The coercivity is calculated as a function of

the magnetic anisotropy constant varied from 9×106 erg/cc

to 1.4×107 erg/cc for various easy axis dispersion (σφ) from

0 ◦ to 8◦

Figure 6 (a) shows the variation of Hc as a function

of the anisotropy constant and dispersion of easy axis

orientation. The result shows an increase of Hc with

KU for all cases of the dispersion. Moreover, the value

of Hc as a function of KU for perfect alignment case,

σφ = 0◦ is maximal. Interestingly, it is found that the

slope of Hc as a function of KU slightly decreases with

increasing dispersion of easy axis orientation from 0◦ to

8◦. The intrinsic switching field is often described as

HK = αKU/MS where α is a factor characterising, among

other parameters, the orientation of the grains. Our results

show a decrease of α from 1.40 to 1.04 with increasing

easy axis dispersion. This is consistent with theory, where

the value of α (uniaxial anisotropy) varies from 0.96 to

2 for the dispersion of easy axis orientation varying from

3D random to perfect alignment [28]. Interestingly, the

easy axis dispersion does not significantly affect the shape

of the hysteresis loop as shown in the inset of figure

6 (a). The variation of Hc as a function of easy axis

dispersion for various values of KU is shown in Fig. 6

(b). It is found that the coercivity initially reduces rapidly

with easy axis dispersion for all cases, leading to an

asymptotic value: behaviour consistent with the angular

dependence of the Stoner-Wohlfarth theory [15]. Our

results also show similar trends to those reported by Lee et.

al.[29]. Clearly the easy axis distribution strongly affects

the magnetic properties, especially the switching field of

material which are candidates for the advanced recording

media including HAMR and Microwave Assisted Magnetic

Recording (MAMR) technologies.

3.4. Time dependence of the switching field

We have also studied the effect of time dependence

of the coercivity Hc of recording media with high

magnetic anisotropy material. In practice, the thermal

stability factor △E ∼ KUV/kBT must be > 60 to ensure

thermal stability of written information. During the

magnetic hysteresis process, thermal activation drives the

magnetisation reversal process, leading to the observed

time and temperature dependence of Hc. For a system of

identical non-interacting grains the time and temperature

dependence can be described by the well-known Sharrock

equation [30, 31] as

Hc(t) = HK

{

1−

[

kBT

KUV
ln

(

fot

ln2

)]n}

, (5)
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Figure 6. (Color online) Coercivity as a function of (a) anisotropy constant

with the presence of shape of half hysteresis loop as an inset and (b)

orientations of easy axis relative to the applied field.

where, Hc(t) is the dynamic coercivity for a measurement

time or MH loop time (t), HK is the anisotropy field,

2KU/MS, V is the grain volume, fo is an attempt frequency

and the exponent n relates to the easy axis distribution

[31, 32]. Fitting the Sharrock law to experiment is a

commonly used technique to determine the stability factor

△E ∼ KUV/kBT and an effective value for HK . Here we

investigate the effect of the easy axis dispersion on the

Sharrock law and relate this to the exponent n.

The kMC model is used to characterize the long-term

decay of writing process by calculating the variation of

Hc as a function of measuring time ranging from 0.1 s to

109 s. This is related to the sweep rate of 2500 Oe/s -

2.5×10−7 Oe/s. The system has a grain size dispersion and

a Gaussian easy axis distribution with a standard deviation

of 3 degrees. The external field is applied normal to the

plane at 300 K. The coercivity is calculated as a function

of measurement time as shown in Fig.7. The calculated

results exhibit the expected significant reduction of Hc with

increasing measurement time on a logarithmic timescale.

The predicted coercivity is fitted to the Sharrock

equation as shown in Fig.7. In the fact, the writing process

in magnetic recording media operates at extremely short

time (less than 0.1 ns) or high frequency at gigahertz

[31, 33]. Therefore, The attempt frequency used in this

calculation is 1010 Hz due to the high anisotropy [31, 33].

In addition, the the stability factor △E ∼ KUV/kBT = 68,

sufficient to ensure long-term thermal stability of written

bits. The time dependence of Hc from Sharrock’s equation

is calculated and fitted to the dynamic of coercivity from

kMC model. We found that the exponent n is a critical

parameter which affects the behaviour of time dependence

of the Hc. Figure 7 shows that the time dependence of the

coercivity from the kMC model is in excellent agreement

with the Sharrock law assuming an exponent n = 0.3.

However, the value of the exponent n is slightly smaller

the expected value from Stoner-Wohlfarth theory (n = 0.5

[34]) for perpendicular recording media assuming that the

preferred axis is parallel to the direction of the applied field.

This may arise due to the effects of the dispersion of easy

axes and/or the intergranular interactions. However, we

note that Victora [32] shows that an easy axis dispersion

leads to an increase in the exponent n, which suggests that

the interparticle interactions are the dominant factor.

Figure 7. (Color online) The variation of switching field as a function

of measuring times in logarithm scale comparing between Sharrock’s

equation and the simulation result: line is a guide to the eyes.

4. Conclusions

In conclusion, we have investigated the quasi-static

magnetic properties of high anisotropy thin films for

application as advanced recording media. To cover the

timescales involved we used a micromagnetic model based

on the kinetic Monte Carlo method. A realistic physical

structure of the medium was generated using a Voronoi

construction which allowed control of the uniformity of

magnetic grains and grain size dispersion. The effects of

intergranular exchange coupling, magnetostatic field and

the distribution of easy axis orientation are taken into

account. These are all important contributions to the

magnetic properties and magnetisation reversal behavior in

experiments often used for the characterisation of practical,

media.

We found that the criterion of the smallest grain

diameter for anisotropy values of 107 erg/cc is 6 nm

which presents the stable state for typical CoPt-alloys.

The intergranular exchange coupling is found to be an
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especially important stabilising factor for small grain size.

We also considered the uniformity of grain structure

on magnetic properties in particular the switching field.

the non-uniformity of the magnetic grains gives rise to

non-monotonic behavior of Hc with increasing exchange

field. Moreover, we found, by investigating the variation

of switching field with angle that the microstructure

strongly affects the variation of the magnetisation reversal

mechanism with the decreasing film thickness. The

minimum switching field angle is shifted from 45◦ to

30◦. Finally, we investigated the time dependence of the

coercivity. We found that the Sharrock law fitted the model

results well, but with a reduced value of the exponent n. It

was argued that this most likely arises from the effect of the

intergranular interactions, which are therefore an important

factor in interpreting the the values of the thermal stability

factor △E ∼ KUV kBT obtained from dynamic coercivity

experiments. Although, the calculations were performed

specifically for PMR media it is equally valid for microwave

assisted and heat assisted recording media technologies.

These also require advanced characterisation methods and

the kMC model developed here is an important tool for

the understanding and development of such techniques,

especially given the importance of understanding the

thermal decay of information as grain sizes are reduced.
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