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Influence of a helical anisotropy profile on the static and dynamic properties of a soft magnetic layer
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The static and dynamic properties of a soft magnetic layer presenting a helical anisotropy profile have been
studied both experimentally and theoretically with the help of one-dimensional (1D) micromagnetic calculations.
The aim is to investigate the possibility of achieving an evanescent anisotropy by randomizing the effective
anisotropy thanks to a continuous rotation of the samples during a growth process. A general method to evaluate
the magnetization dispersion based on the angular measurement of the complex permeability spectra and on
the determination of the integral criterion is presented. The maximum randomization of the magnetization in
Co86Nb10.5Zr3.5 layers is found for the sample rotated 1/2 turn. A significant decrease of the effective anisotropy
from 15 to 7 Oe is obtained. The 1D simulations give a good explanation and description of the angular dispersive
behavior of the magnetization observed as a function of the rotation speed imposed during growth. However, a
discrepancy between measured and calculated resonance frequencies is observed and attributed to short-range
fluctuations of the magnetization known as the ripplelike phenomenon. Compared to literature, this effect is
particularly strong for a high rotation speed.
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I. INTRODUCTION

Soft ferromagnetic films are used in a variety of high-
frequency applications such as magnetic recording media,
noise filters, antitheft devices, etc. The potentialities of these
materials can be evaluated by the generalized Snoek law
and the integral criterion equation. The former provides the
trade-off between high permeability levels and high operating
frequencies, while the latter establishes that the integral of
μ′′f df is bounded by the square of saturation magnetization
multiplied by a constant.1 This limit has been more recently
extended with corrective experimental parameters,2 and suc-
cessfully used as a powerful tool to characterize dynamic
magnetic properties.3,4

A challenge for microwave applications is to achieve
magnetic materials whose properties can be tuned over a
frequency band. One way to accomplish this is to use thin
films controlled by a magnetic or electric field. For instance,
heterostructures such as laminated insulator and ferromag-
netic on the edge (LIFE) under a static field or systems
associating magnetostrictive ferromagnetic and piezoelectric
layers have been considered.5,6 A promising area is to use
multifunctional materials as multiferroics which naturally or
artificially exhibit both ferroelectricity and ferromagnetism.7,8

Other ways involve the development of soft materials that
intrinsically possess a high resonance frequency or by im-
posing on soft materials an elevated effective field thanks to
a demagnetizing field or interfacial effects. As an example,
the magnitude of the in-plane anisotropy can be tailored
during the layer fabrication by inducing high magnetostatic
anisotropy thanks to oblique deposition angles.9 The effective
anisotropy can also be enhanced in multilayered systems such
as exchange-coupled spring-magnet structures with soft and
hard layers,10 ferromagnetic/antiferromagnetic systems,11 or
soft layers laminated by a nonmagnetic layer (CoNb/Ta)n.12

All these magnetic structures have been designed in order
to increase the anisotropy, and hence the resonance frequency,
with the aim of simultaneously maintaining high levels of

permeability. However, few solutions exist to diminish the
anisotropy of soft thin films. To improve the film softness, a
rotating field can be applied during annealing.13 This thermal
treatment leads to a reduced anisotropy as a result of it being
randomized. Another approach consists in the juxtaposition
of two crossed-anisotropy layers,14,15 or in the generation
of a domain wall in a sandwiched ferromagnet.16 These last
two attempts have revealed unusual behaviors but no drastic
diminution of the operating frequency.

In this work, we investigate the static and dynamic proper-
ties of a model system composed of a single soft layer with a
helical anisotropy. The helical profile is obtained by imposing
a continuous rotation of the samples during the deposition. By
increasing the rotation speed, the effective anisotropy might
become evanescent.

The literature proposes various methods for characterizing
the magnetization distribution due to the anisotropy profile,
e.g., vectorial vibrating sample magnetometry (VSM),17,18 the
transverse biased initial susceptibility technique,19 and more
recently, neutron spin precession,20 or an inductive method
with a single-coil device.21,22 Here, we present a generalized
analysis method based on the angular evaluation of the integral
criterion.

II. EXPERIMENTAL SETUP AND THEORETICAL MODEL

Magnetic layers were sputter deposited from a
Co86Nb10.5Zr3.5 alloy target under an Ar atmosphere
(5 × 10−3 mbar) onto 9-mm-diameter glass substrates. The
base pressure was lower than 1.5 × 10−6 mbar and the
deposition rate was 8 nm/s. The sample holder was mounted on
a motorized goniometer, rendering it possible to continuously
rotate the sample during sputtering. The thickness of all layers
was kept constant at approximately 800 nm. The sample was
rotated on a scale from R = 0 to 16 turns. An in-plane easy
axis was induced by the magnetron field of the cathode. When
the growth started, the easy axis induced by the magnetron
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FIG. 1. (Color online) Schematic view of the sample during the
growing process.

field was along the y axis, whereas the reference direction is
along the x axis, as described in Fig. 1.

The static magnetic properties of the CoNbZr layers were
characterized by VSM. The complex permeability spectra
were measured from f = 10 MHz to 6 GHz by a single-
coil perturbation technique.22 For angular measurements, a
rotation system displayed in Fig. 2(a) was added to rotate
the sample inside the coil. As described in Ref. 23, the
calibration procedure involved a prior measurement on the
sample saturated with a static magnetic field Hsat along
the direction of the pumping field hRF. This step made it
possible to take dielectric effects into account. Then, to keep
the same magnetic history, a saturating static field Hhist was
applied along the reference direction. The permeability spectra
were recorded once the saturating static field was removed.
This procedure was repeated for each sample orientation φ

from the reference direction. It is illustrated in Fig. 2(b).
Recently, Dubuget et al. have proposed a method to quantify

the anisotropy axis distribution from the angular measurement
of the initial permeability assuming a known distribution
law.21 Here, the analysis is based on the whole permeability
spectrum and no particular distribution law is required. By
considering the polar coordinate system, the matter fraction
with a magnetization orientation between θ and θ + dθ could

be represented by the quantity m(θ )dθ with m(θ ) =m(θ + 2π ).
Since m(θ ) is a 2π -periodic function we assume that it could
be decomposed into Fourier series

m(θ ) = 1/π

[
1/2 +

∞∑
n=1

an cos(nθ ) + bn sin(nθ )

]
, (1)

where an = ∫ 2π

0 m (θ ) cos (nθ ) dθ and bn = ∫ 2π

0
m(θ ) sin(nθ )dθ .

The integral of m(θ ) between 0 and 2π is unity. Let us
define the permeability of the fraction m(θ )dθ along its hard
axis μh(θ ,f ). The complex permeability of the whole sample
measured along the direction φ can be written as

μ(φ,f ) ≈
∫ 2π

0
m(θ )μh(θ,f ) sin2(φ − θ )dθ. (2)

Case 1. μh(θ ,f ) is independent of θ . In other words, the
effective field that contains the terms of exchange, anisotropy,
and demagnetizing field, is constant over the sample thickness.

Equation (2) can be written as

μ(φ,f ) ≈ μh(f )

[
1 − cos(2φ)

∫ 2π

0
m(θ ) cos(2θ )dθ

− sin(2φ)
∫ 2π

0
m(θ ) sin(2θ )dθ

]/
2

≈ μh(f )[1 − a2 cos(2φ) − b2 sin(2φ)]/2. (3)

Note that Eq. (3) remains valid with a dispersed effective
field intensity as long as this dispersion is the same for
each angle θ . At each frequency, the angular variation of
the permeability μ(φ) is a function of three parameters μh,
a2, and b2 which can be easily obtained by considering three
measurement directions φ = 0◦, 45◦, and 90◦:

μh = μ(0◦) + μ(90◦), a2 = [1 − 2μ(0◦/μh)],
(4)

b2 = [1 − 2μ(45◦/μh)].

Let us assume that the quantity D = (a2
2 + b2

2)1/2 is a
magnetization dispersion criterion. In the case of a pure
uniaxial system, m(θ ) is characterized by a Dirac function
and the quantity D equals unity. On the other hand, in the case
of an isotropic system, m(θ ) is a constant and the dispersion

FIG. 2. (Color online) (a) Measurement setup. (b) Top view. At φ = 0◦, the reference direction (blue line) was aligned with the dynamic
field hRF.
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criterion D is null. A similar approach has been successfully
employed in the case of a low randomly dispersed sample
assuming a periodic Bessel-like m(θ ) function.21 This method
is adapted to thin films presenting a low angular dispersion
and for which the exchange interaction can be neglected. It
renders it possible to determine the anisotropy axis dispersion
induced by the deposition process.

Case 2. General case μh(θ ,f ) depends on θ .
Let us assume that μh(θ ,f ) can be expressed as a linear

combination of the Bloch-Bloemberger permeability expres-
sion. The principle of causality applied to μh(θ ,f ) shows
that1,2,4

∫ ∞

0
μ′′

h(θ,f )f df ≈ π/2 (γ− 4πMS)2. (5)

When the upper integral boundary F is large enough compared
to the upper resonance frequency f max

res associated to the longer
effective field H max

eff used in the μh(θ ,f ) expression, we obtain

∫ F

0
μ′′

h(θ,f )f df ≈ π/2(γ− 4πMS)2[1 − t − s]

≈ π/2(γ− 4πMS)2, (6)

where γ− = γ /2π, MS is the saturation magnetization, and s

and t are corrective terms associated to the skin effect and
finite truncation.2 Let us calculate the microwave permeability
integral on the whole sample permeability measured in the

angle φ:

I (φ) =
∫ F

0
μ′′(φ,f )f df

≈
∫ 2π

0
m (θ )

∫ F

0
μ′′

h(θ,f )f df sin2(φ − θ )dθ

≈ π/2(γ− 4πMs)
2
∫ 2π

0
m(θ ) sin2(φ − θ )dθ

≈ Imax[1 − a2 cos(2φ) − b2 sin(2φ)]/2, (7)

where Imax, a2, b2, and the dispersion criterion D are
experimentally obtained with

Imax = I (0◦) + I (90◦), a2 = [1 − 2I (0◦)/Imax],
(8)

b2 = [1 − 2I (45◦)/Imax], and D = (
a2

2 + b2
2

)1/2
.

This method is based on the angular evaluation of the
integral criterion and allows us to quantify the magnetization
dispersion without assuming any particular magnetization
distribution law. It is a more general way to calculate the D

coefficient deduced in case 1.

III. RESULTS

Figure 3 displays the easy and hard axis hysteresis loops
measured on the samples grown with a continuous rotation R

of 0, 1/6, 1/2, and 16 turns. For R = 0, the easy axis hysteresis
loop is typical of soft materials with a square shape and a very
low coercivity (<1 Oe). When the field is applied along the

FIG. 3. (Color online) Easy and hard axis hysteresis loops measured on the samples sputtered with a continuous rotation of (a) 0 turn,
(b) 1/6 turn, (c) 1/2 turn, and (d) 16 turns. For each sample, the easy (hard) axis direction was deduced from the minimum (maximum) value
of the angular variation of the I (φ)/Imax curve measured by the single-coil technique as described in Fig. 5.
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FIG. 4. (Color online) (a) Real and (b) imaginary parts of the permeability spectra measured for the 0-turn sample along different orientations
φ with respect to the reference direction.

effective hard axis, the magnetization curve becomes slanted
and reversible. The anisotropy field HK = 15 Oe deduced
from the slope is in agreement with those typically observed in
literature.34 Up to a rotation of 1/6 turn, HK diminishes down
to 12 Oe as expected. For 1/2 turn, the hard axis loop plotted
in Fig. 3(c) presents a double slope. The same static magnetic
behavior is observed for the sample sputtered with R = 1/3
(not shown). This unusual hysteresis shape has already been
observed and explained in crossed-anisotropy bilayers such as
NiFe/NiFe and YCo2/YCo2 and in CoNbZr layers annealed
under an applied field.24,25 It was attributed to competing
uniaxial and biaxial anisotropies that resulted from the coupled
individual anisotropy axes. For a rotation of 1 turn and more,
the hysteresis loops are more typical of easy and hard axes.
The anisotropy field HK remains constant at 7 Oe. It should
be noted that an enlargement of the hard axis loop occurs at
the field values close to H = 0 for high rotation as described
in Fig. 3(d).

Figure 4 shows the complex permeability spectra of the
0-turn sample at different orientations φ with respect to the
reference direction. For φ = 86◦, no signal is observed since
the pumping field hRF is applied along a well-defined easy axis.
On the other hand, the levels of permeability, μ′ and μ′′, reach
a maximum value at φ = 176◦ when hRF becomes normal to
the magnetization direction. The small oscillations that can
be seen on the spectra at low frequencies are associated with
domain-wall vibration modes.26

Figure 5 displays examples of the experimental integral
I (φ)/Imax deduced from the complex permeability spectra
by following the method described in Sec. II. For the
0-turn sample, the maximal amplitude of the experimental
I (φ)/Imax curve and the minimum close to 0 observed at
φ = 86◦ correspond to the well-defined anisotropy axis along
this angular position. When a sample rotation is introduced
during sputtering, a drastic decrease of the amplitude occurs,
indicating that the magnetization is distributed. This is clearly
observable for the 1/2-turn sample with a ratio I (φ)/Imax

varying between 0.33 and 0.63. The rotation during the
deposition can also involve a shift of the easy direction
as illustrated by the 1/6- and 1/2-turn samples for which
the easiest axes are measured at φ = 110◦ and φ = 171◦,

respectively. These values correspond to shifts close to 30◦
and 90◦ from the reference direction in agreement with those
expected for a helical anisotropy on an angular range of 60◦
and 180◦, respectively. For the high-speed rotation samples,
such as the 8-turn one, the amplitude of the I (φ)/Imax curves
increases again to reach a value close to the 0-turn sample.
This result indicates that the magnetization no longer follows
the anisotropy axes induced during the deposition when the
anisotropy presents a high number of turns. In other words,
the magnetization is no longer angularly distributed at elevated
rotation speeds.

The experimental dispersion criteria D and the easiest
axis orientation φEA as a function of the turn number R are
displayed in Fig. 6. Increasing the rotation to 1/2 during the
sample deposition leads to a drop in quantity D from unity
(associated to a uniaxial system) to 0.29. When increasing
the rotation speed even further, the dispersion criterion tends
toward the value of 0.9 with slight variations between 0.8
and 1. In other words, the maximal randomization of the
magnetization is obtained for the 1/2-turn sample. Beyond
this, the magnetization has a tendency to line up along a
direction that minimizes the magnetic energy of the system
and corresponds to the easiest axis. As illustrated in Fig. 6(b),
the values of the latter show oscillations as a function of the
turn fraction.

FIG. 5. (Color online) Angular variations of the experimental
integral I (φ)/Imax obtained for the 0-, 1/6-, 1/2-, and 8-turn systems.
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FIG. 6. (Color online) (a) Experimental (open circles) and theoretical (line) dispersion criterion D as a function of the turn number R.
(b) Corresponding experimental (open circles) and theoretical (line) easiest axis orientation φEA. The analytical cases of Aex = 0 and infinite
Aex are reported too.

The experimental data have been compared to static
one-dimensional (1D) micromagnetic simulations. The 1D
model assumes an anisotropy with a helical orientation into
the layer thickness, i.e., the orientation θK of the anisotropy
axis varies linearly as a function of the position z into the
layer thickness, while the anisotropy constant K(z) remains
unchanged. Following Ref. 15, the total micromagnetic energy
density can be written as

E = 1

t

∫ t

0

{
Aex

(
dθ

dz

)2

+ K sin2 [θ (z) − θK (z)]

}
dz, (9)

where Aex is the exchange constant, θ is the magnetization
orientation, and t is the thickness of the layer. Magnetization
profiles θ (z) and corresponding linear anisotropy profiles θK (z)
calculated for R = 1/6, 1/2, 1, and 16 turns are plotted in
Fig. 7. The parameters used for the simulations are a saturation
magnetization MS = 900 emu/cm3 and an exchange constant
Aex = 1.10−6 erg/cm as expected for CoNbZr with a high
Co content,27 an anisotropy field HK 0 = 2K/MS = 15 Oe as
found in magnetometry for the 0-turn sample, and a thickness
t = 800 nm. In addition, we assume dθ/dz = 0 on the edges
of the layer.

Two types of behavior are observed. While the rotation
increases from 0 to 0.6 turn, the magnetization orientation
follows the θK (z) curve except at the edges of the layer due
to the free surface assumption in the calculations [Figs. 7(a)
and 7(b)]. This divergence increases with the rotation because
of the exchange that tends to align the magnetic moments.
Beyond this rotation R = 0.6, such as for the 1-turn sample in
Fig. 7(c), the magnetization no longer follows the anisotropy
profile but oscillates weakly around the easiest axis direction.
The angular amplitude of these oscillations decreases as R is
raised, whereas their frequency increases in the thickness of
the layer. Finally, for the high rotations such as for the 16-turn
sample in Fig. 7(d), the magnetization is uniform along the
direction given by φEA. These two tendencies depict the two
cases of “thick films” and “thin films” in comparison with a
Bloch wall width evaluated to π (Aex/K)1/2 ∼= 380 nm.

From the calculations of the static magnetization profiles,
we could simulate the complex permeability spectra with a

gyromagnetic ratio γ− = 3 MHz Oe−1, a damping parameter
α = 0.015, and, taking the skin effect into account, a typical
value of resistivity for amorphous CoNbZr ρ = 140 ×
10−8 � m. Then, the theoretical dispersion criterion D and
the easiest axis orientation φEA were deduced according to the
method presented in the experimental part. The simulations
of D and φEA with Aex = 1.0 × 10−6 erg/cm displayed in
Fig. 6 give a good description of the experimental data. In
particular, the dramatic drop of D, the continuous increase of
φEA for low R values, and the oscillations of D beyond 1/2
turn are well reproduced by the calculations. To gain more
insight into the behavior of the magnetization, let us consider
first the analytical cases of infinite Aex and Aex = 0 reported
in Fig. 6. In the former case, the magnetization is uniform
so that D is unity and the energy density of the system is
written as

E =
∫ π/2+2πR

π/2

[
K

2πR
sin2 (θ − θK )

]
dθK

= K
sin(2πR)

2πR
cos2 (θ − πR) . (10)

The total anisotropy energy density expression is similar

to the one of a uniform uniaxial sample with a fluctuating
anisotropy constant equal to K |sin(2πR)|/(2πR) and an easiest
axis orientation that jumps every 1/2 turn, as illustrated in
Fig 6. For the Aex = 0 case, the magnetization orientation
θ (z) follows perfectly the anisotropy direction θK (z). By
considering Eqs. (1) and (8) and by defining the truncation
function trunc(R) as the integer part of the turn number R, we
can easily deduce

a2 = 1

4πR
sin {4π [R − trunc (R)]} ,

b2 = 1

4πR
(1 − cos {4π [R − trunc (R)]}) , and (11)

D = |sin(2πR)|
2πR

.

Introducing exchange leads to delay of the first jump of
the easiest axis orientation. Indeed, as illustrated in Fig. 6,
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FIG. 7. (Color online) Magnetization profiles θ (z) and the corresponding linear anisotropy profiles θK (z) calculated for (a) 1/6 turn,
(b) 1/2 turn, (c) 1 turn, and (d) 16 turns.

the maximal randomization of the magnetization and the first
jump of φEA appears for the 0.6 turn instead of 0.5 with Aex =
1.0 × 10−6 erg/cm. In addition, compared to the case of fully
decoupled magnetic moments, the values of D tend to unity
when the rotation speed is raised. This is due to the thickness
of the layer, which allows here only one complete rotation of
the magnetization. Consequently, the behavior observed for
high R approaches the one of the infinite Aex case for which
D is unity.

Figure 8 shows a comparison between the resonance
frequencies measured and calculated for a pumping field
normal to the easiest axis. Let us consider again the two
analytical cases. With no exchange, the resonance frequency
is expected to be constant as a function of the rotation speed
since the magnetic moments are independent and to be equal
to γ−(4πMSHK 0)1/2. For the infinite Aex case, the variation of
fres is given by γ−[4πMSHK 0|sin(2πR)|/(2πR)]1/2 as deduced
from Eq. (10) and show oscillations. The variation of fres

calculated with Aex = 1.0 × 10−6 erg/cm tends to follow the
first analytical case for R < 0.6 turn and the infinite one for
R > 0.6 turn. In other words, as shown in the last paragraph,
the behavior of the magnetization approaches the one of the
fully uncoupled magnetic moments for low R values and tends
to the infinite case for high R value (R < 0.6). The tendency for
the experimental resonance frequencies displayed in Fig. 8(a)
is a decrease as R is raised with fres = 1410 MHz for the
0-turn case and fres = 970 MHz for the 16-turn sample. This
reduction due to the anisotropy randomization is far weaker
than the drastic drop predicted by the calculations. However,

both the experimental and calculated resonance frequencies
show oscillations.

We note that the experimental fres exceeds the value
expected with the magnetic anisotropy field HK measured
by magnetometry. This result is illustrated in Fig. 8(a) for the
0-turn and 16-turn samples (large open circles) for which the
fres shift is 175 and 190 MHz, respectively. In order to obtain
more insight into this disagreement, we realized transverse
biased permeability measurements with the magnetic field ap-
plied along and perpendicular to the easy axis. The resonance
frequencies picked up on the permeability spectra of the 0-turn
and 16-turn samples are plotted in Fig. 9. For both samples
we observe that the crossing of the linear extrapolations of
f 2

res(H ) with the magnetic field axis provides HK values that
differ depending on the applied field direction. For the sample
without a rotation treatment, the HK values are 17 and 11 Oe,
while in the case of 16 turns the corresponding results are
10 and 2 Oe. It should be highlighted that the amplitude of
the asymmetry for the 16-turn sample is particularly strong
compared to others reported in literature.28,29 This asymmetry
is generally attributed to magnetization ripple. According to
the ripple theory of Hoffmann, f 2

res can be written as30,31

fres = γ−2 4πMSHK [(H/HK ± 1) + b(H/HK ± 1)−1/4

+ c(H/HK ± 1)−1], (12)

where the plus sign (minus sign) is used for a static magnetic
field applied along (normal to) the easy direction. Moreover, b
and c designate the phenomenological parameters describing
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FIG. 8. (Color online) (a) Experimental and calculated resonance frequencies observed for a pumping field normal to the easiest axis.
(b) Zoom on the scale from R = 0 to 3 turns. The oscillations are observed on both experimental and theoretical fres.

the short-range fluctuations of the magnetization (ripple) and
the long-range fluctuations of the magnetic anisotropy (skew),
respectively. This last term is found to be negligible in our
samples as it has been reported for amorphous CoZrTb thin
films or in CoZrNd layers.29,32 The best fits of the f 2

res(H )
curves in the region H > HK have been obtained by using
the anisotropy field parameters HK (0 turn) = 14.8 Oe, HK (16
turns) = 6.8 Oe and b(0 turn) = 0.26, b(16 turns) = 0.93.
First, we note that the anisotropy field parameters are in very
good agreement with the values of 15 and 7 Oe measured by
magnetometry for the 0-turn and 16-turn samples, respectively.
Secondly, while 0.26 is a typical value for CoNbZr, 0.93 is
quite high in comparison with the values generally found in
literature.28,31 The rotation speed induces the magnetization
ripplelike phenomenon which is translated in a microwave
regime by a positive shift of the resonance frequency in a zero
static magnetic field. Hence, this phenomenon explains the
apparent discrepancy between the anisotropy values obtained
by VSM and the single-coil technique and, consequently, part
of the disagreement between the measured and calculated
resonance frequencies.

We underline that the sample studied here is weakly
magnetostrictive,33 presents properties typical of soft amor-
phous materials, and has a well-defined easy axis in the
0-turn case. Hence, we believe the results presented in this

paper are representative of soft amorphous materials. Now, the
reasons for which the effective anisotropy cannot definitively
vanish, or, in other words, why a discrepancy between the
fres values measured and predicted by the 1D simulations still
exist once the ripplelike phenomenon contribution is removed,
are unclear. We can postulate several possible effects. First,
we can take into account the influence of the adjacent layers
on the anisotropy. Indeed, the Suits study led on a crossed-
anisotropy bilayer has revealed that during the deposition the
top layer anisotropy can impose the anisotropy orientation
of the identical-thickness bottom layer.14 Considering the
good description of the magnetization dispersion criterion
behavior by the 1D model, this influence is slight in the
system studied. Secondly, we must note that the sample should
present a magnetic domain structure which is not taken into
account in the 1D simulation. Finally, we might consider the
magnetostrictive effects which could generate a dispersion
of the anisotropy intensity. The deposition procedure used
in this study and implying sample rotations could be at the
origin of elevated stress and constraints in the thickness of the
layer. But, this effect is expected to be quite weak because of
the well-known low magnetostriction of the Co86Nb10.5Zr3.5

composition used. Consequently, we cannot exclude more
fundamental reasons to explain why the evanescent anisotropy
cannot be achieved.

FIG. 9. (Color online) f 2
res curves as a function of the static magnetic field applied for the (a) 0-turn and (b) 16-turn samples.
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IV. SUMMARY

The present article has proposed a general method to evalu-
ate the magnetization dispersion. This method is based on the
integral criterion measurement and has been successfully ap-
plied on a CoNbZr soft magnetic layer with a helical anisotropy
profile. The 1D micromagnetic calculation taking into account
both the exchange and the helical anisotropy profile provides a
good description of the variations of the D dispersion criteria
and the easiest axis orientation. The continuous rotation of the
samples during sputtering gives rise to a significant drop of the
anisotropy field HK by the randomization of the anisotropy;

however, no evanescent anisotropy has been observed. A
discrepancy between resonance frequency measured by the
single-coil perturbation technique and VSM is observed and
attributed to the short-range fluctuations of the magnetization.
This ripplelike phenomenon is found to be very strong for high
rotation speeds during the layer deposition.
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