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Time resolved scanning Kerr microscopy has been used to study the response of square
Ni88Fe12/Co80Fe20 bilayer elements to a pulsed magnetic field. Measurements were performed upon
a square element of 6000 nm size and upon 64, 120, 220, 425, and 630 nm square elements that
formed square arrays of about 4000 nm total size. While the frequency of precession of the
magnetization of the 6000 nm element could be described with a macrospin model, the frequencies
observed in the arrays of submicron size elements differed from the macrospin prediction. This
observation may be understood in terms of the increasing nonuniformity of the demagnetizing field
as the element aspect ratio is decreased. ©2005 American Institute of Physics.
fDOI: 10.1063/1.1849057g

Patterned thin film magnetic materials are one of the
main subjects of investigation within modern magnetism.
The dynamical properties of these materials have been stud-
ied experimentally by Brillouin light scattering,1 time re-
solved scanning Kerr microscopy2 sTRSKMd, ferromagnetic
resonance,3,4 and pulsed inductive microwave
magnetometry.5 However, current experimental methods do
not yet provide sufficient spatial resolution for the dynamical
properties of a single nanoscale element to be studied di-
rectly. Consequently the magnetic properties of the element
must be deduced from measurements made on the entire
array.1,3,4 In this article, measurements of the precessional
dynamics in Ni88Fe12s27 Åd /Co80Fe20s10 Åd single micro-
element and nanoelement arrays are presented, using the TR-
SKM as a submicron probe of the magnetization dynamics at
the center of a sample.

A square element of 6000 nm size and square arrays of
about 4000 nm total size with 64, 120, 220, 425, and 630 nm
elements were patterned using electron beam lithography.
Scanning electron microscope images showed that the 220,
425, 630, and 6000 nm elements have a perfect square shape,
while the 64 and 120 nm elements came out slightly
rounded. The nominal composition of the elements was
Si/Tas50 Åd /Co80Fe20s10 Åd /Ni88Fe12s27 Åd /Tas100 Åd. A
comparison of the results of static magnetometry measure-
ments made upon sheet samples of different thickness code-
posited with the elements showed that 12.1 Å of Ni88Fe12

was lost due to interdiffusion with Ta, leaving a Ni88Fe12

layer with thickness of 14.9 Å. The compositions of the
Ni88Fe12 and Co80Fe20 alloys were chosen so that the mag-
netostriction of these two layers would compensate each
other, and the bilayer as a whole would have vanishing
magnetostriction.6 The Co80Fe20 alloy composition gave a
stable fcc structure. The direction of the easy axis was set in
the samples by the field annealing. The magnetizations of the

Co80Fe20 and Ni88Fe12 were deduced to be equal to 1445 and
585 emu/cm3, respectively. Since the two layers were
strongly coupled by the interlayer exchange interaction, we
can treat them as a single layer with thickness equal to the
sum of their thicknessess24.9 Åd, and with magnetization
given by an arithmetical average of their saturation magne-
tizations s930 emu/cm3d. The uniaxial and average surface
anisotropy constantsK2 and Ks were found to be equal to
5120 erg/cm3 and 0.11 erg/cm2, respectively.

The elements were formed in between the tracks of a Au
transmission line structure with a 30mm track width and
separation so as to experience an out-of-plane pulsed mag-
netic field. The measurements were performed in the TR-
SKM configuration at a wavelength of 790 nm, as described
in detail elsewhere.7 In this configuration, the measured sig-
nal was proportional to the polar Kerr rotation, and hence, to
the out-of-plane component of the magnetization. In mea-
surements made upon the element arrays, several elements
were typically in the area probed by the microscope. Hence,
the measurement was sensitive only to the average response
of the elements, falling under the probe spot. A photoconduc-
tive switch made from Au on a GaAs substrate was con-
nected to the transmission line structure, and used for gen-
eration of the pulsed magnetic field. The optically gated
pulsed field had a rise time of about 40 ps and a decay time
of about 2 ns. A static fieldH was applied in the plane of the
sample and its strength and orientation were varied during
the experiment. Each value of the static field was approached
from a much greater value, typically about 1–2 kOe, that
was sufficient to cause saturation.

Two types of dynamic Kerr measurement were per-
formed with the probe spot focused at the center of the
6000 nm element. First, the static field strength H was varied
with the field vectorH parallel and perpendicular to the
tracks of the transmission line structure, i.e., parallel to the
expected directions of the easysEAd and hardsHAd aniso-
tropy axes of the element, respectively. Figure 1 shows typi-adElectronic mail: R.J.Hicken@ex.ac.uk
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cal time dependent Kerr signals and their fast Fourier trans-
form spectra. Since the oscillations decayed well within the
duration of the scan, the Fourier transforms were performed
using a rectangular window function. As well as the field
dependent peaks at higher frequencies, one can also see
lower frequency peaks, the positions of which do not depend
upon the bias field strength. The latter peaks originate from
the pulsed field profile and can be clearly distinguished from
the sample response. However, an accurate determination of
frequency seems infeasible for frequencies less than approxi-
mately 2 GHz. Kerr images of the dynamic magnetization
distribution acquired at different time delays between the
pump and the probesnot shownd did not reveal any spatial
nonuniformity. Hence, the only observed mode of magneti-
zation precession was identified as the uniform mode. In a
second type of measurementsnot shownd, the direction of the
bias field was varied, while its magnitude was kept constant
at a value of 240 Oe, allowing the symmetry and magnitude
of the in-plane anisotropy to be more directly determined.

The data from both sets of measurements were fitted to a
macrospin model for a continuous magnetic filmssee Fig.
2d.7 In the fitting, the magnetization was assumed to be al-
ways parallel to the bias magnetic field. Theg-factor and the
saturation magnetization were fixed at values of 2.1 and
930 emu/cm3, respectively. The fitted uniaxial and surface
anisotropy parameters had values of 4140±330 erg/cm3 and
0.156±0.022 erg/cm2. The sample EA was canted by about
10° from the expected direction parallel to the tracks of the
transmission line structure. However, throughout this article
we mean by the EA and HA directions their expected direc-
tions, parallel to which the bias field was actually applied
during the measurements.

Typical Kerr signals and their Fourier spectra obtained
from arrays with 630, 425, 220, 120, and 64 nm size ele-
ments are presented in Fig. 3. Figure 4 presents the frequen-
cies of the observed modes together with curves obtained by
fitting the frequencies of the 6mm element to the macrospin
model equations. The deviation from the latter curves is rela-

tively small for the 425 and 630 nm element arrays and
much greater for the 220, 110, and 64 nm element arrays.
The dependence of the mode frequencies upon the element
size is presented in Fig. 5 for the field applied parallel to the
EA direction. The dependence is complicated and nonmono-
tonic. For the 630, 425, and 220 nm element arrays, the fre-
quency increases as the element size decreases. In the 120
and 64 nm element arrays, the same trend is observed, but
the frequencies are reduced in comparison with those in the
630, 425, and 220 nm element arrays. The line width of the
Fourier peaks was noticeably greater in the 120 and 64 nm
arrays in comparison with the 630 and 425 nm element ar-
rays.

We begin by comparing the observed frequencies with
those predicted by a macrospin model modified to account
for the demagnetizing field of the nanoscale elements. Figure
5 presents the measured precession frequencies and the fre-
quencies calculated for individual elements with size equal

FIG. 1. Typical time resolved Kerr rotation signals measured from the
6000 nm element are presented in panelssad and sbd for different values of
the bias field applied parallel to the EA and HA directions, respectively. The
Fourier spectra of the corresponding signals in panelssad and sbd are pre-
sented in panelsscd and sdd, respectively.

FIG. 2. The dependence of the uniform mode frequency upon the bias field
magnitude is presented for the 6000 nm element. The symbols are data
points and the lines are least-square fits to the macrospin model equations.

FIG. 3. Typical time resolved Kerr rotation signals obtained from the dif-
ferent element arrays are presented in panelssad andsbd for the bias field of
405 Oe applied parallel to the EA and HA directions, respectively. The
Fourier spectra of the corresponding signals in panelssad and sbd are pre-
sented in panelsscd and sdd, respectively.
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to those in the arrays. The calculations were performed with
the object oriented micromagnetic frameworksOOMMFd
package.8 The cell size was set to be equal to the size of the
element, which corresponds to a uniform distribution of the
magnetization in the element. An out-of-plane pulsed field
with 40 ps rise time, 2 ns decay time, and magnitude of
15 Oe was applied to the sample, and the magnetization was
recorded after every 5 ps. The OOMMF implements analyti-
cal formulas derived in Ref. 9 for the average demagnetizing
tensor components of a uniformly magnetized prism. Hence,
each calculated frequency corresponds to a solution of the
macrospin model corrected to account for the demagnetizing
field. Although the experimental data follow the calculated
frequencies “on average,” the detailed dependence on the
element size is not properly reproduced. Hence, no further

attempts were made to analyze the frequencies with the mac-
rospin model.

We now briefly consider other possible reasons for the
observed discrepancy between the experimental and simu-
lated frequencies. While the macrospin simulations assumed
that the elements had a square shape, the 64 and 120 nm
elements were slightly rounded. The demagnetizing fields of
a prism and a disk of the same aspect ratio9 are different and
so the precession frequency is expected to be different. Also,
the magnetic properties of smaller elements are more af-
fected by the presence of imperfections. The random nature
of the latter will cause different elements in an array to pre-
cess at different frequencies, and so the observed frequency
peak will be broadened, as was indeed observed in the 64
and 120 nm element arrays. Another explanation could lie in
the collective nature of the observed modes. The field of
interaction between different elements in the arrays could
shift the frequency from the value predicted by the mac-
rospin model for a single element.4 Finally, the observed
behavior could be the consequence of nonuniform precession
since the frequency of precession may be different in differ-
ent parts of the element due to the nonuniform distribution of
the demagnetizing field.9,10 The latter explanation is sup-
ported by micromagnetic simulations allowing for the non-
uniform magnetization of the elements, details of which will
be reported elsewhere.

In summary, the magnetization dynamics of small mag-
netic elements and element arrays were investigated by
means of time resolved optical measurements. While the pre-
cession frequency observed for the 6mm element could be
described by a macrospin model, the frequencies of the
modes observed for arrays of smaller elements showed a
more complicated behavior that must be explained using a
model that allows for a nonuniform distribution of the mag-
netization within the elements.
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FIG. 4. The mode frequencies obtained from different element arrays are
plotted as a function of the bias field magnitude. The lines are the macrospin
model fits of the 6000 nm element frequencies from Fig. 2. The solid sym-
bols and solid line correspond to the bias field parallel to the EA direction.
The open symbols and the dashed line correspond to the bias field parallel to
the HA direction.

FIG. 5. The extracted mode frequencies are plotted as a function of the
element size for different values of the bias field parallel to the EA direction.
The symbols represent data points, and the curves are simulations with
OOMMF under assumption that the elements were uniformly magnetized.
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