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We report the existence of a quantitative correlation between magnetization reversal dynamics and
spatial variation of the local coercivithH¢, in Co/Pd multilayer thin films. ThAH - was directly

probed by measuring hysteresis loops on spatially resolved local regions by means of a
magneto-optical microscope magnetometer and magnetization reversal dynamics was characterized
by analyzing the wall-motion speed and the nucleation ratB. We found a linear relationship
between log{/R) and logAH¢), where a small variation of the local coercivity results in a large

VIR showing wall-motion dominant reversal behavior. A Monte Carlo simulation considering
magnetic nonuniformity well predicts the observed experimental relationship20@3 American
Institute of Physics.[DOI: 10.1063/1.1577220

Co/Pd multilayer thin films are of continuing interest for samples. We present here the observations of the quantitative
potential applications to high-density perpendicular magneticorrelation between the local coercivity variation and mag-
and magneto-optical recording media due to their large magaetization reversal dynamics together with a micromagnetic
netic anisotropy and Kerr rotatidnBecause the magnetiza- simulation to explain the experimental observations.
tion reversal process basically involves writing and erasing For this study, we prepared multilayered samples of
data, magnetization reversal dynamics study in this system i A Co/11 A Pd), with varying number of bilayer repeats
very important for achieving high performance of techno-n from 3 to 20. Reversal dynamics in a Co/Pd multilayer
logical applications as well as for fundamental understandingystem was reported to sensitively change from a wall-
of the reversal proce$s? Recently, advanced magnetic im- motion dominant process to a nucleation dominant process
aging techniques have provided direct evidence of the corwith an increase of either the number of rep&aisthe Co-
trasting magnetization reversal dynamics between wallsublayer thicknessWe chose to vary the number of repeats
motion dominant and nucleation dominant processes in thig because with increasing the local structural irregularities
systent+® Macroscopic magnetic properties have been examwere expected to increase due to the possible accumulation
ined to explain the intrinsic origin of the contrasting reversalof lattice misfits, residual stress, and other defects at inter-
dynamics within the context of a micromagnetic faces during the deposition process under a high vacuum.
descriptior?~" Local magnetic variation due to structural ir- This in turn was expected to sensitively affect the local co-
regu]arities has also been studied as another possib@CiVity variation. The individual bilayer thickness was kept
origin.2° Among local magnetic properties, the local coerciv-constant to prevent substantial changes of macroscopic mag-
ity has been considered as one of the most important paranf€tiC properties.
eters contributing to reversal dynamics and recording noise, Samples were prepared on glass substrates by electron-
because its fluctuation may cause an inhomogeneity in dd2€a@m evaporation under a base pressure of 20 7 Torr at
main shape and siZe”’ Therefore, it is imperative to under- ambient temperature. The layer thickness was controlled
stand how the local coercivity variation affects reversal beWithin 4% accuracy. Low-angle x-ray diffraction studies us-
havior. However, the effect of the local coercivity variation N Cu Ka radiation revealed that all samples had distinct
on contrasting magnetization reversal dynamics has not yé}eaks indicating the existence of a mult|la)_/er structure. All
been quantitatively investigated. of the samples had pe_rpendlcular mggnenc anisotropy and

In this work, we quantitatively probed the local coerciv- SNowedM—H hysteresis loops of unit squareness. As ex-
ity variations of Co/Pd multilayer films from simultaneous P€ctéd, the macroscopic magnetic properties such as satura-
measurements of the local Kerr hysteresis loops by means §Pn magnetization were confirmed to be the same within an
a magneto-optical microscope magnetomeflOMM ).t expe_rlmental error for all samples. Her_1ce, possibility qf con-
The results were then compared with magnetization revers&jasting magnetization reversal behavior caused by different

behavior investigated ahe precisely samgositions of the ~MAaCroscopic magnetic properties among the samples was
minimized. A homemade MOMM system was used for the

local hysteresis loop measurements as well as the real-time
dElectronic mail: shin@kaist.ac.kr magnetization reversal image analysis by utilizing the
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FIG. 1. The hysteresis loop of (2 A Co/11 A Rdnultilayer samples with
(@ n=3 and (b) n=18, respectively, on a sample area of 32.0 or
X 25.6 um?. The inset images show the typical hysteresis loop measured on 0 5' 1'0 1'5 2'0
a local region of 0.980.98 un?. The standard deviatioAH ¢ of the local
coercivity variation of (2 A Co/11 A Pd)samples is plotted ifc). No. of repeats

FIG. 2. The reversal ratioV/R vs number of repeatsn of

. . . (2 A Co/11 A Pd), samples. The inset images illustrate the domain reversal
magneto-optical polar Kerr effect. Details of this systeMpaiterns of the samples witi=3 and 18.

have been described elsewhéfre.
In Fig. 1, we illustrate hysteresis loops measured on a

32.0x 25.6um? region of the samples havir@ig. @] n  are the wall-motion speed and nucleation rate, respectively:
=3 and[Fig. 1(b)] n=18, respectively, together with the Magnetization reversal behavior changes from nucleation
typical shape of local hysteresis loops measured on a locgominant to wall-motion dominant with an increasing of the
region of 0.98<0.98 um? in the inset of Figs. (8) and Xb).  reversal ratid:!? In our study, from the measured domain
Note that the local hysteresis loops were measured simultarea and domain boundary length of each imagend R
neously for every local region of 0.980.98um” at ambient  were quantitatively determined by utilizing an analysis
temperature under a sweeping rate of 10 Oe/s for eachethod proposed by Choe and Shimis expected in the
sample. It is worthwhile to note that the hysteresis loopsjomain patterns of the sampla4R decreases with increas-
from local regions exhibit more square loops than those froning n as shown in Fig. 2.

larger regions, which can be ascribed to the coercivity varia-  |nterestingly, the reversal rativ//R was found to be
tion of square hysteresis loops from local regions since thelosely related witlAH . For a quantitative analysis of the
signal from a large region is the sum of the signals from eaclgorrelation, in Fig. 3, we ploV/R versusAH¢ for the
local region inside the large regidf.We measured local (2 A Co/11 A Pd), samples, where the axis is AHc in
coercivities from the local hysteresis loops and then detertogarithmic scale and the axis isV/R in logarithmic scale.
mined the standard deviatiahH¢ . Figure Ic) is a plot of  |n Fig. 3, we see tha¥/R is truly correlated withAH . and

local coercitvity variationAHc with respect ton. It is  the correlation can be well fitted by a simple analytic func-
clearly seen in Fig. (t) that AH¢ sensitively increases with tion given by

increased. A larger AH of the thicker film can be consid-

ered to result from a larger density of microstructural irregu- log(V/R)=a log(AHc) + 8, @)

larities with increasing.® wherea and B are the fitting parameters. The valuesaadind
Using the MOMM system, magnetization reversal dy- 3 are determined to be 2.25+0.12 and 3.48 0.17, respec-

namics were also investigated via time-resolved observatiotively. We would like to stress that E¢l) well characterizes

of domain evolution patterns grecisely the sameposition  the general relation betwe&fiR andAH for all our Co/Pd

of the samples studied in Fig. 1. Each sample was first satunultilayer thin films with varyingn. A sample having a

rated by applying a magnetic field much larger than the satusmall AH. reveals wall-motion dominant reversal with a

ration field and then magnetization reversal was triggered by

applying a constant reversing magnetic field of about 90% of

the mean coercivity. 10 E
Reversal behavior in these samples was found to sensi- 2 =

tively change from wall-motion dominant to nucleation = A

dominant with increasing. The inset images of Fig. 2 show g

the typical domain patterns at about 50% reversal for the 3

samples ofn=3 and 18, respectively. The domain reversal ; 1F L2

N

pattern ofn= 3 indicates a gradual expansion of domains via X
the continuous wall-motion process from a single nucleation [ ¥
site, while the disorderly pattern of=18 manifests an an-
isotropic jutting out of domain sprouts adjacent to the exist- ' . et
ing domain boundary via the nucleation process. The con- 10 60
: < : : AH _(Oe)
trasting reversal behavior is ascribed to a counterbalancing c
between the_ Wa||-m0tIOﬂ ar_]d nucleation proc¢§s_es. FIG. 3. The correlation between the reversal rafilR and the standard
Contrastl_ng magnetization reversal behavior is known QjeviationAH, of the local coercivity variation. The solid line is the best fit
be characterized by the reversal ratitR, whereV andR  for the correlation.
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TABLE I. The values of magnetic parameters used in the simulation. —
Magnetic parameters Values ’
Uniaxial anisotropyK, 5x10° erg/cn? —
Saturation magnetizatioM g 282 emu/cri
Wall energy densityg, 2.5 erg/cm
Unit-cell volume, V¢ 6.93<10 8 cm?® 3
Cell distanced, 2x10 ®cm o
Film thickness; 2x10% cm 3

T T T

V/R (pm’)

large VIR, while a sample having a largaH. exhibits
nucleation dominant reversal with a smdlIR. The contrast- 0.01
ing magnetization reversal behavior is determined by a coun-
terbalance between the wall-motion and nucleation pro-
cesses: The wall-motion process in the latter sample is more S (%)
impeded by the rough spatial irregularity due to its large
AH¢ than that of the former sample having a smaH . FIQ. 4 The reversal rgtitv/R VS the relative anisotropy variatiof The
On the other hand, the atier sample has more nucleatioffie " % bes L fr he smuted dais foe 1 1. e woper
sites than the former sample due to its lalgd; . values of§ indicated.

Along with this experiment, a micromagnetic simulation
study has been performed to elucidate the results. We used a o ) . .
Monte Carlo algorithm on a two-dimensional lattice of nano-  AS Presented in Fig. 4//R is constant until the anisot-
size hexagonal single domain cells with periodic boundar;fo_py flugtuatlonéi reaches .1.7%, and then it starts decrea.smg
conditions. The magnetic enerdy of each cell with the with an increment of5. This corresponds to the observation

magnetization directiom from the +z axis is given by that the domain formation_pattgrn _does not change at all
before6=1.7% and after this point, it changes from a wall-
E=KyVcsin® 6—MgVc(H,+Hg)cosd motion dominant pattern to a nucleation dominant pattern as
detior dincreases. Also, we see an existence of a linear relationship
°3 = 2 between log{/R) and log@) after the change of magnetiza-
tion reversal behavior starts. This theoretical result agrees
wheret; is the film thickness, is the distance between the Well with our experimental observations. It should be men-
nearest Ce"SMS is the saturation magnetizatioKU is the tioned that the simulation USing the different values of the
uniaxial perpendicular magnetic anisotropy, is the wall ~magnetic properties results the same loglog linear be-
energy density of each cell boundalsyz is the external field, havior with Only variations in the SlOpe and the range of the
H, is the demagnetizing fieldi, is the magnetization direc- linear relationship.
tion of the nearest neighbors, aNg is the volume of a unit
cell. Using this model, the domain pattern of the thermally
activated reversal process is constructed from each state
individual cells. A detailed explanation of this micromag-
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