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Langevin Micromagnetics of Recording Media Using
Subgrain Discretization
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Abstract—Finite element based micromagnetics is applied ~ Section Il of the paper reviews the micromagnetic back-
to study thermally assisted switching of thin film media in the ground and numerical background. Section Ill presents finite

high speed regime. The space discretization leads to a system ofgjement micromagnetic simulations of thermally activated
stochastic differential equations with multiplicative noise which tizati Lin thin fil di di
is interpreted in the sense of Stratonovich and solved using the magneuzation reversatin thin fim recording media.

method of Heun. For a CoCrPt alloy system, an external field

of —255 kA/m was found to be sufficient to switch the magne- Il. LANGEVIN MICROMAGNETICS

tization in less than 1 ns in about 80% of the realizations of the . .

stochastic process. However, reversal times up to 1 ns and higher [N order to treat thermally activated processes a stochastic,

are observed for about 20% of the calculations. Then the system thermal field, H;;, is added to the effective field{.g. It ac-

switches from the high remanent state to a metastable state where counts for the interaction of the magnetic polarization with the

it remains trapped for several nanoseconds. microscopic degrees of freedom which causes the fluctuation of
Index Terms—Finite element method, high speed switching, the magnetization distribution. The Langevin equation [5]

magnetic recording, thermal activation. o7 o7

<
— =—|yI X (Heqg +Hy) + —JI X = 1
57 =~ X (Hart Ha) + S0 x 50 (@)

) _ ) _ _is believed to give the random motion of the magnetization at
WITH increasing recording density and decreasingite temperatures. The effective fieldl.e = SE./8J, is
bit size, thermally activated magnetization reversghe yvariational derivative of the magnetic Gibb’s free energy.
becomes an important issue in magnetic recording [1]. Thes the gyromagnetic ratio of the free electron spin. A Gilbert
Gilbert equation of motion is believed to give the physical pa mping constant = 0.02 was used as measured by Inaba
of the system toward equilibrium, taking into account gyrosng co-workers [6] in FMR experiments for CoCrPt recording
magnetic precession and damping. However, in real systeggia. Zhang and co-workers [7] proposed a Galerkin method
thermal activation changes the deterministic motion of thg,q an Euler scheme for the space and time integration of (1).
magnetization into a random walk. A theoretical descriptio, this work applies the box method for space discretization and
must treat magnetization reversal as a stochastic process. fg€method of Heun for the integration of the stochastic differ-

magnetic properties like coercivity and remanence follow frogiia| equations. The effective field at the nddef an irregular
averages over many numerical realizations of the revergglie element mesh may be approximated

process. In high speed switching, highly nonlinear effects are

important. Chantrell [2] and Safanov [3] showed that nonuni- g% — L L, @)

form magnetic states and spin waves influence the damping AT
mechanism and the relaxation process. whereV;, is the volume associated with the nodeThe fol-
' Thls paper uses thg flnlte elem.ent methoid to study the magngmng conditions hold for the box volumes
tization reversal of thin film media. The finite element method
effectively treats the granular structure of thin film recording /
. o : ) ; Vi = [ dV] VinV, fork #£1. 3
media. Variations in the size and shape of the grains and the zk: » RO 7 )
Cr segregation near grain boundaries are taken into account [4]. o _
The magnetization within each grain may become nonuniforrhfie thermal field is assumed to be a Gaussian random process
as each grain is further subdivided into tetrahedral finite el#ith the following statistical properties:

. INTRODUCTION

ments. The comparison of the numerical results obtained from *)

energy minimization, time integration of the Gilbert equation, <ch,i> =0, 4)
and Langevin dynamics provides detailed insight into magneti- < *) (D > _ N o

zation reversal in the high speed regime. Hy,; Hy, ;) =2D8i;86(t = ) ©)

The average of the thermal field vanishes taken over different re-
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Fig. 1. Finite element model of the grain structure and the surface of the finite i dynamic
elements. o L L . L
=500 -250 o] 250 500
TABLE | Heq (kA/m)
INTRINSIC MAGNETIC PROPERTIES
7 4 Fig. 2. Comparison of the numerically calculated demagnetization curves
Ky L] obtained from energy minimization (dashed line) and the time integration of
CoCrPt : 0265 044 10 ([10] the Gilbert equation (solid line).
Cr-rich boundary phase 0 0.34 6 08
K, (MJ/m?), the anisotropy constants; Ji(T), the spontaneous % a T
magnetic polarization and the exchange constant 4 (pJ/m). \ - 250 kA/m

wherek g is the Boltzmann constant. The space discretization of 07 |
(1) leads to a system of Langevin type equations with multiplica-
tive noise. Garcia-Palacios and Lazaro [8] showed that the equa-
tion has to be interpreted in the sense of Stratonovic, inorderto . o . | b
obtain the correct thermal equilibrium properties. The numer- 3
ical integration is performed using the method of Heun. For the
pure deterministic case the Heun method reduces to the standarc
second order Runge—Kutta method [9]. Numerical studies for
simple spin systems confirmed that the Heun scheme is numer-
ically more stable and allows larger time steps than the Euler or
the Milshtein scheme. The size of the finite elements was about 04 — — N —

: ) 0 0.5 1 15
6 nm, the time step was fixed to 0.1 fs. time (ns)

Fig. 3. Time evolution of the magnetic polarization between the paiatsdb
I1l. RESULTS AND DISCUSSION of the demagnetization curve. The external field- 850 kA/m. The oscillations
result from the precessional motion.
A. Media Model

The numerical treatment of thermally activated magnetizztsl(2 aremanence squarenessfof J, ~ 0'85‘ The demagnen-
tion reversal requires the computations of several realizatioffdo" CUrves were calculated quasistatically. Startlng from an
of the stochastic process. In order to obtain reasonable com ternal fieldHe, = 12.90 l.(A/ m, Hegr Was decreaseq In steps
tation time, we limit the number of grains in the media model. 12 kA/m, when equilibrium was reached. Magnetization re-

Fig. 1 gives the finite element model consisting of seve?gle;tsal olc;:tursf EE a tW_O Siep {)roceis. Flrstthtwg_ gratl_lns ofnt:]he
grains. The film thickness is 20 nm. The width of the 0 omt_e t'o tegfr_a:g géuc u_re C;B”EZ/ eThlrec lon otthe
Cr-enriched region near the grain boundaries is about 2 nfjagnetization at a fie ext = T&9 m. The compar-

The magnetocrystalline anisotropy axes are randomly in plaﬁ%gn ?f the %e{;agneh;a;ﬂon iurve?t?]btg_r;sd Irom etr.] erg31 mlrlu-
giving a remanence to saturation ratiokf/J;, = 2/7 without mization and the ime integration ot the tIibert equation clearly

any interactions between the grains. The intrinsic magne QOWS that the gyromagnetic precession reduces the switching

properties were taken from [10]. The exchange constants w Féds by atpoutt_ Bobk?\//vm. Flt%] 3 g_i;tesjtr}e timoe%volut(ij? of
adjusted, in order to obtain a coercive field of about 250 kA/ € magnetization between the poiat¢J/J; = 0.78) an

J— = 1 1 1 -
at 300K. Table | summarizes the intrinsic material paramet : s/ Ja = 0.59) of the gfr:nag?et'z?“%n CtL.'rVi.' Tgtaltmagnet!tza(j
used for the calculations Ion precesses around the internal effective field. Its magnitude

|Her| = 300 kA/m can be estimated from the frequency of the
oscillations. After about 1.8 ns the magnetization relaxes in a
metastable equilibrium state. A field &f.,.; = —360 kA/m is

Fig. 2 gives the demagnetization curve of the grain configuequired to overcome the energy barrier and reverse the magne-
ration depicted in Fig. 1. Intergrain exchange interactions leéidation of the entire sample.

B. Static and Dynamic Properties
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Fig. 4. Time evolution of the magnetization parallel to the saturation directi

for Hext = —255 kA/m.

Fig. 5. Magnetization patterns at different times after the application of a

reversed, external field of H, = —255 kA/m. The numbers refer to Fig. 4.

C. Thermally Activated Reversal
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Fig. 6. Probability of not switching for different applied fields.

realizations of the stochastic process. The system switches
from the high remanent state to the metastable $tatehere it
[may remain trapped for several nanoseconds. The circles refer
the magnetization distributions given in Fig. 5. The simulations
where repeated 200 times to calculate the probability of not
switching, given in Fig. 6. The magnetization switches in less
than 0.3 ns in about 80% of the calculations. However, reversal
times up to 1 ns and higher are observed for about 20% of
the realizations. For an external field .., = —260 kA/m,
relaxation times greater than 1 ns are only found for about 2%
of the realizations. The results clearly show that metastable
energy minima and nonuniform magnetic states within the
grains are important factors in the reversal dynamics at finite
temperature.
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