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Abstract. A magneto-optical setup based on the transverse Kerr effect has been designed to study the
magnetization reversal processes by vector magnetometry in arrays of magnetic nanostructures with a
reduced total volume. This system allows the measurement of both the parallel and perpendicular to the
field components of the magnetization. It has been used to analyze the behavior of amorphous CoxSi1−x

lines fabricated by electron beam lithography that present a very well defined shape induced uniaxial
anisotropy. When the field is applied near to the hard direction, coherent rotation processes are found to
occur with a collapse of this reversal mode at fields very close to the hard axis that allows to estimate the
very low anisotropy dispersion of these samples. The analysis of the vector hysteresis loops reveals that
the magnetization switches via an incoherent process that starts prior to the Stoner-Wohlfarth instability
and that can be described in terms of a localized curling-like reversal mode.

PACS. 75.75.+a Magnetic properties of nanostructures – 75.60.Jk Magnetization reversal mechanisms –
75.50.Kj Amorphous and quasicrystalline magnetic materials

1 Introduction

The fast development of different lithography methods
has allowed the fabrication of high quality ordered mag-
netic nanostructures in the last few years. The combi-
nation of some techniques, as electron beam lithography,
X-ray lithography or laser interference lithography, with
several lithography procedures, as lift-off, etching or elec-
troplating, has led to the preparation of patterned na-
noelements made of a wide variety of magnetic materials
and with different structural properties, such as poly-
crystalline, single-crystalline or amorphous [1–5]. These
small nanostructures are very interesting for applica-
tion purposes in magnetic recording and are also inten-
sively studied from the basic point of view because they
can reveal novel properties related with their mesoscopic
dimensions.

On the other hand, the study of the magnetic proper-
ties of these small nanostructures can become difficult due
to the reduced volume of the nanoelements and, therefore,
to their small magnetic moment. Thus, the conventional
magnetization measurement techniques are often not suit-
able to characterize them, unless the nanostructures are
patterned in arrays over very large areas. To address this
issue, different measurement methods have been designed
and developed. Some of these techniques that allow the
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analysis of arrays of particles with small dimensions are
magnetic force microscopy (MFM) [6], electron hologra-
phy [7], Lorentz microscopy [8], Hall magnetometry [9],
magneto-optical Kerr effect [10,11] and micron super-
conducting quantum interference device (µ-SQUID) [12].
However, important characteristics of the magnetization
reversal processes remain unsolved as these measurements
do not usually give a complete description of the magne-
tization in the magnetic nanostructures when a hysteresis
loop is measured. One interesting approach to analyze the
domain structure of periodic nanostructures is the analysis
and modeling of the magnetooptical response of the light
diffracted by the samples [13]. On the other hand, in order
to make a clear determination of the presence of rotation
processes in the magnetization reversal in bulk materials
and unpatterned thin films, it is often very helpful to mea-
sure not only the usual hysteresis loop of the component
of the magnetization that is parallel to the applied mag-
netic field (i.e., the longitudinal component M‖), but also
the hysteresis loop of the component of the magnetization
that is perpendicular to the applied field (i.e., the trans-
verse component M⊥) [14–17]. Vector magnetometry has
also been used to study the magnetic behavior of contin-
uous magnetic films with arrays of submicrometric holes
patterned over extended areas [18] but, up to our knowl-
edge, this kind of technique has not been implemented yet
to analyze magnetic nanostructures such as lines or dots
with a reduced total volume.
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In this work, we present a specifically designed vec-
tor magnetometry setup that allows the measurement of
the hysteresis loop of any component of the magnetiza-
tion, in particular of both the longitudinal and trans-
verse magnetization components, within magnetic nanos-
tructures with the magneto-optical transverse Kerr effect
(MOKE). Then, it has been used to analyze the magneti-
zation reversal in amorphous CoxSi1−x lines of submicron
width. It is worthwhile to note that the fabrication and
study of nanostructures of amorphous magnetic materials
are relevant as these materials usually present low coer-
cive and anisotropy fields, and a magnetic anisotropy that
can be easily tailored and controlled in the fabrication
process.

2 Experimental

The designed experimental setup for the transverse
MOKE measurements is schematically shown in Figure 1.
The incident light is produced by a stabilized diode laser
and it is focused onto the sample holder through an op-
tical fiber that ends in a lens. The lens has been cho-
sen to produce a focus diameter of about 300 µm on the
sample, so that the magnetic signal of a small patterned
area can be characterized. An attenuator allows the reg-
ulation of the laser intensity. The light reflected by the
magnetic sample is collected in an optical system with a
polarizer and a lens, so that it is focused into another opti-
cal fiber. The signal is then converted with a photodiode,
amplified, and sent to a digital oscilloscope where it is
analyzed.

The transverse MOKE used in this set-up is charac-
terized by a small change in the reflectance of the light
linearly polarized in the optical plane due to the magne-
tization component perpendicular to it [19]. For this rea-
son, a properly oriented polarizer must be introduced in
light path. It could have been placed either in the path
of the incoming light or, as was finally done due to geo-
metrical convenience, after the light is reflected from the
sample. This second option implies that there could be
a small contribution to the signal due to the longitudi-
nal Kerr effect (that induces a rotation in the polarization
plane of the incident light together with an ellipticity due
to the magnetization component parallel to the optical
plane). However, any intensity changes due to this effect
would be even in the magnetization, different from the
odd transverse MOKE, and would simply add up to other
even contributions always present in the measurements
due to higher order magnetooptical effects [19,20]. In any
case, test measurements have been performed to confirm
that, to the system accuracy, there was not a significant
difference between the loops taken with the polarizer sit-
uated either before or after the light is reflected from the
sample.

The sample holder, made with a non-magnetic mate-
rial, allows the lateral and vertical movement through a
3D precision translator, and the in-plane sample rotation
with a goniometer. Also, the whole sample holder together
with the optical lenses system is mounted on a different
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Fig. 1. Sketch of the experimental set-up used for the Kerr ef-
fect measurements of the hysteresis loops of the different mag-
netization components of the microstructure.

goniometer; therefore, the optical plane can be rotated in
the presence of the magnetic field once the light is focused
onto the desired array of magnetic nanostructures. This
technical possibility allows the measurement of the pro-
jection of the magnetization along any desired direction,
which is used in this case to obtain both components (M‖
and M⊥) of the magnetization. The total size of the whole
optical system of this setup is smaller than 5 cm, so that
it can be placed in the gap between the pole pieces of a
electromagnet that produces a magnetic field, parallel to
the sample plane, of up to 3 kOe. The particular mag-
netic nanostructured array to be measured can be located
at the spot of the laser, by using the 3D translator, with
the help of a external optical microscope connected to a
digital camera.

The array of amorphous CoxSi1−x lines has been fab-
ricated by using electron beam lithography in combina-
tion with a lift-off process, as reported elsewhere [21]. The
CoxSi1−x alloy is obtained by co-sputtering from pure
Co and Si targets with a composition x = 0.72, since
the structure of Co72Si28 alloy films is amorphous as re-
vealed by X-ray diffraction [22]. The dimensions of the
lines are w = 280 nm in width, t = 40 nm in thickness,
and l = 250 µm in length; the array is fabricated over a
total area of 250 µm × 250 µm. The center-to-center dis-
tance of the lines is 0.75 µm, several times larger than
the line width, so that the influence of the magnetostatic
interaction between neighbor lines in the magnetic be-
havior can be neglected [5]. The fact that the magneti-
zation of the whole array is recorded at the same time
implies that the hysteresis loops obtained will be the av-
erage for the 300 lines involved. Even more, each loop
presented in this work is actually the time-average over
about 100 individual loops in order to improve the sig-
nal to noise ratio. It means that any sharp features that
could be present in individual loops will be smeared out
but it has the advantage that the statistical behavior of
the array is obtained, allowing us to compare the M‖
and M⊥ loops, even if they are taken sequentially and not
simultaneously.
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3 Results and discussion

3.1 Magnetic characterization

The MOKE hysteresis loops of the array of amorphous
lines, both M‖ and M⊥ components, are presented in
Figure 2, for different values of the angle (θ) between
the applied magnetic field and the lines direction. At
θ = 0◦, that is, with the field applied along the lines,
the M‖ loop presents the typical characteristics of a mag-
netic easy axis; the magnetization state does not change
significantly from the saturation (MS) to the remanence
(Mr), that is, Mr/MS ≈ 1, and there is a sharp jump
at the coercive field that reverses the magnetization state
(Fig. 2a). For magnetic fields applied close to the direc-
tion perpendicular to the lines, the characteristic behav-
ior of a uniaxial hard axis is found in M‖ loops (Fig. 2c
for θ = 88◦, and Fig. 2e for θ = 90◦), that is, HC ∼ 0
and Mr/MS ∼ 0. It reveals that, actually, the uniaxial
anisotropy induced by the shape of the lines is the domi-
nant one. Also, from the M‖ loop at the hard axis, θ = 90◦,
an anisotropy field HK ≈ 550 Oe can be estimated which
is much larger than the corresponding value in a contin-
uous film of the same composition HK = 30 Oe. Tak-
ing into account that MS ≈ 320 emu/cm3 in our samples
(obtained from SQUID measurements in the unpatterned
Co0.72Si0.28 film), this HK corresponds to an anisotropy
energy K = HKMS/2 ≈ 8.8 × 104 erg/cm3. This is in
reasonable agreement with the value calculated for the
shape anisotropy of the lines as Ksh = 1/2(Na −Nb)M2

S ≈
8.0 × 104 erg/cm3, being Na and Nb the demagnetizing
factors along the width and the length of the lines respec-
tively. In our case, they are Na = 4πt/(w + t) = 0.5π
and Nb = 0, considering the expressions for the demag-
netizing factors of a general ellipsoid [23]. It is worth to
note that these well defined uniaxial hard axis loops ob-
served in this array of amorphous lines are not usually
found in submicrometric lines [4,24–26] of polycrystalline
and single crystalline materials due to the interplay of
magnetocrystalline anisotropy and defect microstructure
with the patterning induced shape anisotropy; in partic-
ular, polycrystalline CoxSi1−x lines of similar dimensions
are found to present a clear hysteretic behavior even at
the hard axis [21].

The M⊥ loop of the amorphous Co-Si lines measured
at θ = 0◦ presents values of the M⊥ component very close
to zero in the whole field range (Fig. 2b). On the other
hand, when the field is applied close to the hard axis at
θ = 88◦ (Fig. 2d), the M⊥ loop shows a continuous in-
crease in the magnetization as the field is decreased from
the saturation, up to M⊥/MS ≈ 1 for H = 0. It reveals
that the magnetization of all the lines rotates from the
saturation to the perpendicular direction to the applied
field, i.e. parallel to the lines direction, at the remanence.
However, the M⊥ loop looks very different when the field
is applied 2◦ further at θ = 90◦ (Fig. 2f), that is, for
the precise direction perpendicular to the submicrometric
lines. In this case M⊥ is always close to 0, and only reaches
values up to M⊥/MS ≈ 0.2 in the reversal process.
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Fig. 2. MOKE hysteresis loops of the array of amorphous
Co72Si28 lines for different angles between the lines and the
applied magnetic field: (a), (c) and (e) correspond to the lon-
gitudinal component M‖ and (b), (d) and (f) to the transverse
component M⊥. The loops are normalized by the saturation
value.

This sensitivity of the M⊥ loop to the details of the re-
versal process can be taken to full advantage by the use of
normalized M⊥ vs. M‖ polar plots, i.e. of the angular posi-
tion of the magnetization vector along the hysteresis loop,
deduced from the composition of the M⊥(H) and M‖(H)
curves. In the following, this vector magnetometry tech-
nique will be applied first to study the rotation processes
of the magnetization for fields applied close to the hard
axis and, then, the magnetization reversal mechanisms
that control the lines coercive fields will be analyzed in
the whole angular range.

3.2 Hard axis loops

Figure 3 shows the comparison of the M⊥ vs. M|| polar
plots for a field applied close to the hard axis (at θ = 88◦)
and that taken with H precisely perpendicular to the lines
direction. In the first case, the polar plot presents a shape
very close to a circle of radius M/MS = 1, as shown in
Figure 3a, indicating that, at this angle, the magnetiza-
tion of the lines mostly reverses by coherent rotation from
negative to positive saturation, so that the total magni-
tude of M does not significantly change in the process.
For θ = 90◦ (Fig. 3b), a collapse is observed in the po-
lar plot, similarly to the behavior found in other works
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Fig. 3. Normalized polar plots of M⊥ vs. M‖ for different
angles of the applied field to the lines: (a) θ = 88◦; (b) θ = 90◦.

0 10 20 30 40 50 60 70 80 90
0.0

0.2

0.4

0.6

0.8

1.0

(M
⊥
) r /

 M
s

θ (degree)

Fig. 4. Angular dependence of the normalized value of the
transverse magnetization at the remanence (M⊥)r/MS.

in continuous magnetic films when the field is applied in
the direction of the hard axis [14]. It is related with the
frustration in the sense of the magnetization rotation be-
cause the anisotropy torque is zero at this angular posi-
tion. Then, any dispersion in the distribution of local easy
axes of the sample, that can arise due to microstructural
inhomogeneities, makes the sample split into domains re-
sulting in a total reduction of M⊥.

Then, the width of the anisotropy axes distribution
can be estimated from the angular dependence of the nor-
malized M⊥ at the remanence, (M⊥)r/MS, shown in Fig-
ure 4. First, as the field is deviated from the easy axis up
to θ = 88◦, a continuous increase in (M⊥)r/MS is observed
up to a maximum value (M⊥)r/MS (88◦ ≈ 1. This is char-
acteristic of a coherent rotation of the magnetization to-
wards the lines directions so that (M⊥)r/MS = sin θ. Only
then, in a very narrow angular range, the (M⊥)r/MS curve
does decrease steeply as the angle is further increased up
to θ = 90◦. This indicates that in this array of amor-
phous CoxSi1−x wires the anisotropy dispersion is less
than the smallest angular interval used in the measure-
ments ∆θ = 2◦. This small angular dispersion is in good
agreement with the fact that the amorphous microstruc-
ture of the lines results in a very high degree of homogene-
ity at the submicrometric scale, since disorder occurs at
the much finer length scale of interatomic distances.
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Fig. 5. Normalized polar plots of the vector hysteresis loops
M⊥ vs. M‖ for different angles of the applied field to the lines:
(a) θ = 0◦; (b) θ = 20◦; (c) θ = 30◦, (d) θ = 60◦. Solid line
in panel (c) is the calculated Stoner-Wolfarth hysteresis loop.
Also indicated are the positions corresponding to the rema-
nence and to the nucleation of the switching process.

3.3 Magnetization switching processes

Coherent rotation processes are also present in the hys-
teresis loops measured for angles closer to the lines di-
rection as shown in Figure 5, where the normalized M⊥
vs. M‖ plots can be seen for θ = 0◦, 20◦, 30◦ and 60◦.
In all the cases, except for fields exactly along the easy
axis, there is a portion of the loop in which, as the field is
decreased from the saturation, the magnetization vector
rotates along the circle of radius unity reaching the lines
direction at remanence. As the field sense is inverted, this
rotation process continues slightly beyond the lines un-
til a switching process is initiated marked by the depar-
ture of the magnetization vector from the circle of radius
unity. A comparison with the behavior calculated with
the Stoner-Wolfarth model [14] (see solid line in Fig. 5c
for θ = 30◦), clearly shows that the magnetization reversal
process starts prior to the instability point of the coherent
rotation process. Actually, in all the loops of Figure 5, the
magnetization switches via an incoherent process in which
the modulus of the magnetization vector is not conserved.

The two most relevant incoherent magnetization re-
versal processes for elongated ellipsoids are domain wall
propagation and curling, each one being favored depend-
ing on the magnetic element dimensions relative to the
material exchange correlation length R0, that can be de-
fined as R0 = (A/2M2

S)1/2 being A the exchange constant.
In this case, the vector hysteresis loops does not seem

compatible with the simplest mechanism involving the
motion of a 180◦ domain wall either parallel or transverse
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to the lines. This would imply the presence of two domains
with magnetizations oppositely directed along the wire
axis, so that the angular position of the average magne-
tization vector would not be altered in the reversal. Only
the modulus of the magnetization would change as result
of a domain wall traversing the magnetic wire and mak-
ing one of the domains grow at the expense of the other.
Therefore, this kind of domain wall motion process would
appear as a radial line going through the center of the
polar plot, which is not the case here.

There are, however, many other more complex rever-
sal processes involving domain wall motion that do not
follow this simple path in the polar plot of the magneti-
zation and that are strongly dependent on many different
sample parameters. One of the most important factors to
be taken into account is magnetic anisotropy, which for
the wires studied here is uniaxial, due to the shape of the
lines, and with a very low degree of anisotropy disper-
sion (i.e. a very sharp distribution of anisotropy axes) as
shown in the previous section. In the similar case of uni-
axial thin films with very low anisotropy dispersion, the
reversal has been proposed to occur in a three stage pro-
cess [14]: first, as an increasingly negative field is applied
to the sample, the magnetization, that was oriented along
the easy axis at remanence, rotates up to the point of
instability predicted by the Stoner-Wolfarth model (M1);
second, domains are nucleated in which the magnetization
has switched to the other extreme of the Stoner-Wohlfarth
discontinuity (M2), which is an angular position in be-
tween the easy axis and the negative field direction, and
a set of walls bisecting the two magnetization directions
is created; finally, in a third step, these reversed domains
grow at the expense of the others until the magnetization
is oriented along M2 in the whole film and the coherent
rotation process can proceed until the negative saturation.
The global sample magnetization during the domain wall
propagation step would be given by

M = M1 + f(M2 − M1) (1)

with f the fraction of the sample that is already reversed
(i.e. 0 < f < 1), so that the magnetization would fol-
low a straight line in the polar plot joining the points
M1/MS and M2/MS that mark the beginning and the
end of the incoherent reversal process in the circle of ra-
dius unity (i.e. this mechanism would result essentially in
an identical loop in the polar plot as that calculated by
the Stoner-Wohlfarth model and shown in Fig. 5c). In real
samples, the nucleation of a domain with a reversed mag-
netization component along the easy axis direction may
occur prior to the Stoner-Wohlfarth instability. However,
equation (1) would still be valid but with different angu-
lar positions of M1/MS and M2/MS in the polar plot.
Thus, a reversal process consisting of coherent rotation
of the sample until a reversed domain nucleation occurs
followed by domain wall propagation would result in an
incoherent process characterized by a straight line in the
polar plot joining two points in the circle of radius unity.
This holds as long as there are only two kinds of domains
present during the reversal step which seems a plausible

condition in our case, considering the well defined uniax-
ial anisotropy and restricted geometry of the amorphous
Co-Si wires. This is, however, quite different from the be-
havior observed in Figures 5b and 5c, in which two differ-
ent slopes appear during the incoherent process, even if
we take into account that some rounding of these straight
lines might be expected due to the averaging effect over
the whole array of wires.

On the other hand, curling-like models have been
found to be a good alternative to describe the magnetiza-
tion reversal process in arrays of small magnetic wires [27].
A common procedure in order to test the validity of these
curling-like models to describe magnetization reversal is to
analyze the angular dependence of the coercive or switch-
ing fields [27], comparing it to the expression calculated for
the switching field of an infinite cylinder of radius R [28]

hSW = HSW/2πMS

= a(1 + a)/
(
a2 sin2 θ + (1 + a)2 cos2 θ

)1/2
(2)

where a = −1.2049R2
0/R2. This equation can be general-

ized to treat both ellipsoidal [28] and non ellipsoidal par-
ticles [29] as long as the appropriate normalization and
demagnetizing factors are taken into account.

If standard M‖ hysteresis loops are used, this kind of
analysis is only valid in a limited angular range around
the easy axis in which the coercive field can be identified
with the switching field. For higher angles between the
field and the easy axis the coherent rotation process ex-
tends beyond the direction perpendicular to the applied
field (where M‖ = 0 and, therefore, H = HC) and the
switching process is initiated only after M‖ has already
reversed its sign, so that HSW > HC (see, e.g. the vector
hysteresis loop obtained for θ = 70◦ shown in the inset of
Fig. 6a). This departure of the switching process from co-
ercivity can be analyzed in more detail by considering the
angular dependence of the components of the magnetiza-
tion vector at the start of the incoherent switching pro-
cess MSW

‖ /MS and MSW
⊥ /MS. As the angle increases from

θ = 0◦, MSW
‖ /MS decreases from unity and changes sign

for θ close to 60◦, indicating that beyond this point HC

cannot be identified with the switching field anymore.
On the other hand, the information contained in the

vector hysteresis loops can be used to test the predictions
of the curling model in the whole angular range 0◦ < θ <
180◦. A good parameter to characterize the reversal mech-
anism is found to be the angle αSW between the magneti-
zation and the applied field at the nucleation of the inco-
herent switching process, i.e. αSW = tan−1(MSW

⊥ /MSW
‖ ),

shown in Figure 6b as a function of the angle between the
applied field and the lines direction.

For an infinite cylinder, the condition for the nucle-
ation of a curling process is given by the equation [28]

hSW cosαSW = sin2
(
θ − αSW

)
+ a (3)

where (θ − αSW) is the angle between the magnetization
and the lines direction and the term a accounts for the
exchange stiffness of the curling mode. This has to be
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Fig. 6. (a) Dependence of the normalized magnetization com-
ponents at the nucleation of the switching process MSW

‖ /MS

(triangles) and MSW
⊥ /MS (squares) as a function of the angle θ

between the field and the lines direction. Inset shows a polar
plot measured for θ = 70◦ with a sketch of the angular positions
of the magnetization at the most relevant points in the hystere-
sis loop: remanence (MR), coercivity (M⊥H and H = HC) and
switching (MSW). (b) Dependence of the angle αSW between
the magnetization vector and the applied field at the nucle-
ation of the switching process as a function of θ. Dashed lines
correspond to the calculated behavior for the Stoner-Wolfarth
model and solid lines are a fit to the predictions of the curling
model with a = −0.21 and an angular offset θ0 = 3◦. Inset
shows a sketch of the different angles involved.

compatible with the equilibrium condition of the minimum
magnetostatic energy

hSW sin αSW = 1/2 sin
[
2

(
θ − αSW

)]
. (4)

These two equations can be solved for sin αSW and
cosαSW with the following result

sin αSW = MSW
⊥ /MS

= sin θ cos θ/
[
a2 sin2 θ + (1 + a)2 cos2 θ

]1/2

(5a)

cosαSW = MSW
‖ /MS

=
(
a + cos2 θ

)
/

[
a2 sin2 θ + (1 + a)2 cos2 θ

]1/2

(5b)

so that

αSW = tan−1
[
sin θ cos θ/(a + cos2 θ)

]
. (6)

The solid lines in Figures 6a and 6b correspond to a
fit of the experimental data to equations (5) and (6) with
a = −0.21. An offset angle θ0 = 3◦ had to be introduced
that is well within the experimental precision. The very
good agreement found implies that curling-like processes
are responsible for the nucleation of the incoherent switch-
ing process in these CoxSi1−x lines in almost the whole
angular range. The angular dependence of MSW

⊥ /MS,
MSW

‖ /MS, and αSW for the Stoner-Wohlfarth model has
also been calculated for comparison (dashed lines in Fig. 6)
using equation (4) together with the instability condition
for the coherent rotation of the magnetization [14]

hSW cosαSW = − cos
[
2

(
θ − αSW

)]
. (7)

In this case, the calculated αSW(θ) curve lies above the
experimental data and the calculated curve for curling-like
reversal except for angles very close to the hard axis (θ ≤
88◦), clearly showing the reason why curling processes are
preferred as switching mode in these structures.

From the obtained value of a, the material ex-
change correlation length can be estimated as R0 =
R∗(−a/1.2049)1/2 = 25 nm. The effective radius R∗ =
(tw/π)1/2 = 60 nm is derived from the condition that
the results from non ellipsoidal particles (such as the lines
with a rectangular section studied here) should be renor-
malized to the corresponding ellipsoid of the same vol-
ume [29]. This gives a value of the exchange constant
A = 2R2

0M
2
S = 1.3 × 10−6 erg/cm that is of the same

order of magnitude as reported values for other Co based
amorphous alloys [30].

Now, it is interesting to compare the calculated hSW(θ)
for a curling process using the parameter a obtained from
the previous fits and equation (2) with the experimental
switching field HSW, i.e. that corresponding to the start
of the switching process in the magnetization polar plot
(see inset of Fig. 6a). The agreement found for the an-
gular dependence is quite good up to 80◦ as shown in
Figure 7 where both fields have been plotted normalized
by their easy axis value. However, their absolute values
are quite different: an estimate of the easy axis switch-
ing field predicted by curling using equation (2) would
give HSW

curling(0) = 422 Oe, much larger than the exper-
imental HSW

experimental(0) = 95 Oe. These differences have
already been observed in Ni nanowires [27], and can be
attributed [31] to the localization of the curling mode in a
volume much smaller than the whole magnetic line due to
the presence of small inhomogeneities such as anisotropy
fluctuations related to the material microstructure. In that
sense, the values of the exchange constant A and correla-
tion length R0 obtained above should be considered as
order of magnitude estimates only, since the actual size
and shape of this localized curling volume could be sig-
nificantly different from the global wire dimensions used
in this calculation. Finally, once the localized curling pro-
cess has been nucleated, the complete reversal of the lines
would take place by the propagation of this initial nucleus
in a so-called “vortex wall” [32].

Thus, the global picture of the magnetization re-
versal process is that of a coherent rotation of the
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Fig. 7. Angular dependence of the switching field normalized
by its easy axis value, HSW(θ)/ HSW(0). Solid line is the cal-
culated dependence for the curling model using equation (2)
with the parameters obtained above (a = −0.21 and θ0 = 3◦).

magnetization of the wires until the nucleation of a re-
versed nucleus occurs through a localized curling process
which, then, propagates reversing the rest of the line.

4 Conclusions

In summary, a magneto-optical setup has been designed
that allows the measurement of both longitudinal and per-
pendicular components of the magnetization in magnetic
nanostructures by transverse Kerr effect. It has been used
to study the magnetization reversal processes in nanowires
of amorphous CoxSi1−x, that present an uniaxial magnetic
anisotropy related to the shape of the wires.

The M‖ and M⊥ measurements for fields applied close
to the hard axis reveal that the magnetization reversal is
mainly driven by coherent rotation of all the lines, with a
collapse in the M⊥ loops for field directions very close to
the hard axis that allows to estimate an anisotropy disper-
sion of less than 2◦. The vector hysteresis loops measured
for different angles between the field and the lines direc-
tion show the presence of an incoherent switching process
that takes place before the Stoner-Wolfarth instability is
reached. The nucleation of this switching process can be
described in terms of localized curling which generates a
reversed nucleus that, then, propagates along the line.

These results reveal the interest in measuring the M⊥
component in magnetic nanostructures in order to have a
complete picture of the magnetization switching processes
and of the sample anisotropy dispersion.
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21. J.I. Mart́ın, M. Vélez, R. Morales, J.M. Alameda, J.V.
Anguita, F. Briones, J.L. Vicent J. Magn. Magn. Mater.
249, 156 (2002)

22. M. Velez, S.M. Valvidares, J. Diaz, R. Morales, J.M.
Alameda, IEEE Trans. Magn. 38, 3078 (2002)

23. J.A. Osborn, Phys. Rev. 67, 351 (1945)

24. M. Kume, A. Maeda, T. Tanuma, K. Kuroki, J. Appl.
Phys. 79, 6402 (1996)

25. A.O. Adeyeye, G. Lauhoff, J.A.C. Bland, C. Daboo, D.G.
Hasko, H. Ahmed, Appl. Phys. Lett. 70, 1046 (1997)



470 The European Physical Journal B

26. C. Shearwood, S.J. Blundell, M.J. Baird, J.A.C. Bland, M.
Gester, H. Ahmed, H.P. Hughes, J. Appl. Phys. 75, 5249
(1994)

27. J.E. Wegrowe, D. Kelly, A. Fromck, S.E. Gilbert,
J.Ph. Ansermet Phys. Rev. Lett. 82, 3681 (1999); A.
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