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Variations of coercive field, induced magnetic anisotropy, and saturation magnetostriction constant
in sCo77Si13.5B9.5d90Fe7Nb3 amorphous ribbons submitted to stress and/or axial magnetic-field
annealing are reported. The annealing was carried out by using the Joule-heating effectsaverage
temperature values of the sample corresponding to the intensity of the electrical current were 273,
378, 409, and 445 °Cd and the applied stress and axial magnetic field during the thermal treatments
were 500 MPa and 750 A/m, respectively. As a result of these treatments, a uniaxial in-plane
magnetic anisotropy, which affects drastically the soft magnetic character of the samples, was
developed. ©2005 American Institute of Physics. fDOI: 10.1063/1.1845577g

I. INTRODUCTION

Amorphous alloys are characterized by the lack of long-
range order from both topological and compositional point of
views. The macroscopic disorder is thought to be the origin
of some outstanding properties of these materials and, in
particular, of its magnetic softness. The local disorder is in-
trinsical to the amorphous microstructure and is achieved
during the fabrication process. Nevertheless, it seems likely
that some kind of small structural units with radii of less than
20 Å, which cannot be detected by conventional x-ray dif-
fraction techniques, can exist. These units do not fill all the
space by a close-packed structure so that they give rise to
fluctuations of the local atomic density as well as to varia-
tions in the local atomic-bond orientations. Topologically,
point- and linelike microstructural defects also contribute to
the fluctuating amorphous microstructure. The point to point
varying local order gives rise to fluctuating local magneto-
elastic anisotropies which arise from the coupling between
internal stresses and magnetostriction. Eventually, pair order-
ing anisotropies also can contribute to the local anisotropies
and may determine the magnetization process of these mate-
rials.

Concerning the microstructural character of the metallic
glasses, it is remarkable that the anelastic behavior, including
the anelastic recovery,1–5 indicates that the structural aniso-
tropy can be induced by the mechanical deformation. During

the creep deformation process, a part of the deformation en-
ergy can be stored as structural anisotropy, or anelastic po-
larization, and is released upon annealing under zero stress,
causing an anelastic recovery. The creep-induced structural
anisotropy is itself also manifested in the creep-induced
magnetic anisotropy.6–9 However, there has been no direct
structural observation of the anisotropy due to the anelastic
polarization. It is worth to note that Suzukiet al.10 reported
on an observation of such atomic-bond-orientational aniso-
tropy. It is well known that a large uniaxial magnetic aniso-
tropy can be induced in metallic glasses by annealing under
applied stress and/or magnetic field.11–15 In contrast to the
field-induced anisotropy, the stress- and stress and field in-
duced anisotropy can also be developed by an annealing
above the Curie temperature of the alloy.

On the other hand the so-called “nanocrystalline materi-
als,” which are systems consisting of two phasessnanocrys-
talline grains randomly distributed in a soft magnetic amor-
phous phased, introduced a few years ago, exhibit an
outstanding soft magnetic character. Yoshizawaet al.16 re-
ported that the presence of small additions of Cu and Nb in
certain amorphous FeSiB-based alloys allowed the creation
of a two-phase material by the devitrification of the conven-
tional amorphous alloy after annealing for 1 h in the range
between 500 °C and 600 °Csi.e., at temperatures between
the first and second crystallization peaksd. After the crystal-
lization, such material consists of small nanocrystalssaround
10-nm grain sized embedded in the residual amorphous ma-
trix. In addition, the devitrification process of these amor-adElectronic mail: wapvaalj@sq.ehu.es
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phous alloysswith trademark Finemetd leads to the possibil-
ity of obtaining rather different microstructures depending on
the annealing parameters as well as on the chemical compo-
sition. These materials exhibit extremely high magnetic soft-
ness at certain conditions of thermal treatment. Herzer17 suc-
cessfully explained this outstanding magnetic softness as
related to the ratio of the exchange-correlation lengthsor
domain-wall thicknessd L to the orientation fluctuation length
of randomly distributed local easy axesswhich can be ap-
proximated by the average crystallite sizeDd. In fact, the
macroscopic magnetic anisotropy averages outswhenL@Dd
and the domain walls can move without pinning. For some
particular compositions and volume-crystallized fractions the
average magnetostriction constant vanishes and the magne-
toelastic contributions to the macroscopic anisotropy also be-
come negligible.

Continuous efforts to improve the soft magnetic proper-
ties of the Finemet alloy have been made by means of modi-
fications of the alloy composition. Mülleret al.18 reported
that the substitution of Fe by Co decreases the saturation
magnetostriction in Finemet-type amorphous alloys. The ad-
dition of Co is also expected to be beneficial to the induction
of in-plane magnetic anisotropy in ribbons by magnetic-field
annealing, because the substitution of Fe with Co is known
to be effective in increasing the magnetic anisotropy constant
Ku of FeSiB amorphous alloys.19 A large Ku value can in-
crease the magnetic-resonance frequency, which is advanta-
geous for the good permeability-frequencysm-fd property in
the high-frequency region. However, the addition of Co to
Fe-based amorphous alloys significantly influences the crys-
tallization processse.g., the density number of Cu-enriched
clusters decreases with the substitution of Fe atoms by Co
ones parallel to a decrease of the density number of the het-
erogeneous nucleation sites for bcc-Fe primary crystals20d.

In the present work a microstructural study, carried out
by means of differential scanning calorimetrysDSCd, x-ray
diffraction sXRDd, and transmission electron microscopy
sTEMd, as well as experimental results concerning the in-
duced magnetic anisotropysKind, changes in the coercive
field sHcd, and the evolution of the magnetostriction constant
slsd in sCo77Si13.5B9.5d90Fe7Nb3 amorphous alloy submitted
to stress and/or field annealing are reported. The aim of the
present work is to obtain information on the stress- and stress
and field induced anisotropies and their influence on some
magnetic and magnetoelastic properties in this interesting
amorphous material within its amorphous state and its begin-
ning of the devitrification process.

II. EXPERIMENTAL PROCEDURE

Amorphous ribbons, with the nominal composition men-
tioned above, were prepared by melt-spinning technique at
the Institute of Solid State Physics of ChernogolovkasRus-
siad. Magnetic measurements were carried out onto ribbons
of the following dimensions: 3.1 mm wide, 20mm thick, and
10 cm long. The microstructural character of the samplessin
as-quenched and annealed statesd was investigated by XRD

and TEM techniques. Consequently, the amorphous character
of the as-cast ribbon has been confirmed by both XRD and
TEM analyses.

Thermal treatments under a tensile stress of 500 MPa
and/or a magnetic field of 750 A/msapplied longitudinally
to the ribbond were carried out by means of the Joule-heating
technique on the as-castsACd samples. In order to develop a
macroscopic magnetic anisotropy, three additional kinds of
thermal treatments using current annealingsCAd technique
were carried out, namely,

s1d under the simultaneous action of a tensile stress
s500 MPad, named SA;

s2d under axial magnetic fields750 A/md, named FA; and
s3d under both, tensile stresss500 MPad and magnetic field

s750 A/md, named SFA

We have previously determined the relationship between
the electrical current annealing and the corresponding tem-
perature of the sample as described in Ref. 21. The thermal
treatment was carried out at four annealing currents corre-
sponding to 273, 378, 409, and 445 °C, just belowsthe first
oned and above the Curie pointsthe three other onesd, for
120 s. In order to remark on this fact, the Curie point corre-
sponding to the precursor amorphous material,TC

am, was es-
timated to be around 335 °C.21 The samples were cooled
under the action of the applied stress and/or magnetic field
down to room temperature. Thermal analysis of the treated
samples was carried out using the DSC technique. The de-
vitrified structures obtained after thermal treatments were put
in evidence by the XRD and TEM observations. The grain
size distribution has been also determined directly from the
TEM micrographs.

In the following we will focus the attention on the
changes of the coercive field and the induced magnetic an-
isotropy produced by these four kinds of treatments. The
typical magnetic parametersscoercive field, magnetization,
and magnetization workd were deduced from the hysteresis
loop measured at room temperature by a fluxmetric method
in quasistatic conditionssthe maximum applied magnetic
field was 5500 A/md. It must be noted that this value of the
axial magnetic field must be quite large to approach the mag-
netic saturation of the different studied samples because of
their extremely soft magnetic character as well as of their
unidimensionallike characterstheir length is several orders of
magnitude larger than their width and thicknessd. Conse-
quently, the demagnetizing effects in the longitudinal direc-
tion can be considered as negligible. The anisotropy induced
in the sample was evaluated from the difference between the
magnetization workWm obtained from the longitudinal mag-
netization curves measured before and after the treatment.
The magnetization workWm was determined from the longi-
tudinal magnetization curveMS vs Hz as

Wm =E
0

MS

m0HzdMz, s1d

whereHz was produced by means of a Helmholtz coilsystem
providing a magnetic field of up to 5500 A/m andMS was
evaluated by means of an integration of the electric signal
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from a secondary coil surrounding the sample. More details
can be found in Ref. 21.

The evaluation of the saturation magnetostrictionls was
carried out by the small-angle magnetization rotation
sSAMRd method. As it has been detailed elsewhere,22 this
method makes use of the variations in the signalsV2v picked
up by a narrow coil when a saturating dc axial fieldHz a
small ac transverse fieldHy and a tensile stresssa are simul-
taneously applied to the sample. The experimental setup de-
scribed above was used to apply the dc field and the tensile
stress, and to detect the induced signal. When a tensile stress
sa is applied, the induced signalV2v, measured by a lock-in
amplifier, increases or decreases as a consequence of the in-
crement of magnetoelastic anisotropy with a transverse or an
axial easy axis, respectively. The change inV2v can be com-
pensated by an adequate modification ofHz, so thatV2v takes
the same value as before the stress was applied. In this way,
the magnetostrictionls is given by

ls =
l0MS

3

DHZ

Dsa
V2v = const. s2d

The dc axial magnetic field was large enoughsup to
7500 A/md to guarantee the magnetic saturation of the
samples. More details on this method can be found in Ref.
23.

Special care was taken to perform all the structural, mag-
netic, and magnetostriction measurements in the Joule-
heated samples, since small differences in the sample cross
section or in the annealing history could mask a good corre-
lation between the experimental results. The cross section is
a fundamental parameter in the Joule-heating procedure,
since it determines the macroscopic resistance and the local
power losses during the annealing.

III. EXPERIMENTAL RESULTS AND THEIR ANALYSIS

A. Microstructural analysis

The crystallization process in the samples submitted to
the four types of thermal treatments was investigated by
DSC technique from 0 up to 700 °C with a heating rate of
20 °C/min. Before these measurements the indium reference
was run in order to correctly calibrate the temperature. The
results of the samples previously annealed at 273 and 445 °C
for 2 min using the four described thermal treatments are
plotted in Fig. 1. It must be underlined that the samples
treated at 378 and 409 °C show similar DSC plots to the one
treated at 273 °C. Therefore, the samples treated at low an-
nealing temperatures273–409 °Cd present two peaks of
crystallization: the first one, located around 500 °C, can be
ascribed to the primary crystallizations, corresponding to the
formation of a bcc FesCo,Sid-based and bcc Co-based solid
solution.24 In addition, no iron segregations were found dur-
ing such primary crystallization. The second peaksaround
650 °Cd corresponds to the bcc to hcp transformation of Co
particles such as can be assumed by its sharp shaped. The
presence of the two peaks in the DSC curves evidence the
absence of crystallization of the samples; this fact must be
attributed to the previous stress and/or field annealing which
mainly produce a structural relaxation linked to the induction

of magnetic anisotropy. Besides, we must point out that the
DSC curves are very similar in the previously treated
samples, indicating that the stress and/or magnetic field act-
ing during the induction treatment seems to be almost irrel-
evant for the crystallization processes.

The DSC study denotes that the substitution of Fe by Co
causes a decrease of the crystallization temperature and, con-
sequently, decreases the thermal stability of the amorphous
alloy and resulting in a grain growth. In addition, the DSC
curves of the samples treated at high temperatures445 °Cd
roughly allows to distinguish the first peak, disappearing for
the SA and SFA samples. This should be ascribed to the
nanocrystallization process occurring at this high tempera-
ture, the action of the applied tensile stress being more fa-
vorable to develop such process.

Figure 2 shows the XRD patterns of the as-cast and
treateds409 °C and 120 sd samples as an example of the
structural variations induced by the above described treat-
ments. All the diffraction patterns have been normalized in
the highq-range where the intensity cannot vary between the
different samples owing to the very short structural distances
responsible for the scattering in thisq region. It is obvious
that the treated samples, in comparison to the as-cast one,
show a scattering excess which can be attributed to a crys-
talline peak overlapping on the amorphous halo, correspond-
ing to the crystallization of bcc-Co phase.25 The evaluation
of the crystalline phase formed with the treatment has been
made by means of a substraction of the amorphous halo of
the pattern of the as-cast samplessee an example in Fig. 3d.
The normalization to the total intensity constitutes the crys-

FIG. 1. DSC scans obtained for the different treated samples annealed at
273 and 445 °C. AC: as-cast, CA: current annealing, SA: stress annealing,
FA: field annealing, and SFA: stress and field annealing.
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tallinity ratio sxd, which is widely used to characterize semi-
crystalline materials such as semicrystalline polymers,26 de-
fined as following:

x =
E q2sI − Iaddq

E q2Idq

, s3d

whereI andIa, respectively, denote the total scattered inten-
sity by the sample and the intensity of the amorphous refer-
ence andq is the scattering vectorsq=4p sinu /ld. The ob-
tained values ofx strongly depend on the temperature, time,
and type of the treatment. In any case, the results indicate
that, for a given type of treatment, the higher the temperature
and the time, the higher the obtainedx value. For CA treat-

ment at 409 °C for 120 s the sample is 17% crystallized and
at 445 °C for 450 s the obtained crystallized phase is 24%.
For SA treatment at 409 °C for 120 s the sample is 13%
crystallized, and a SFA treatment at 445 °C for 300 s leads
to a x value of 15%.

The width of the crystalline peak leads to an evaluation
of the crystallite sizesDd from Scherrer’s formula,

D >
l

« cosum
, s4d

wherel=0.154 nm is the wavelength of the CuKa radiation
used,« is the half-height width of the peak, and 2um is the
angular position of the maximum of the peak. The crystalline
peaks obtained in the patterns are narrowed with longer tem-
peratures and times of treatment resulting in crystallite sizes
between 10 and 25 nm in the range of temperatures and
times used for the treatments. TheseD values are similar to
the ones obtained by TEM, as shown below.

The microstructure of the annealed samples has also
been studied by TEM in order to clarify the microscopic
mechanisms responsible for the magnetic anisotropy induced
by the different thermal treatments. Figure 4 shows TEM
bright field micrographs of the samples annealed under ther-
mal parametersstime and temperatured which develop the
maximum of induced magnetic anisotropy as it will be pre-
sented in Sec. III B. bcc-FesCo,Sid and bcc-Co phases and a
residual amorphous phase were detected in the SA and SFA
samples, while the FA samples presents an amorphous state
with some clusters dispersed randomly in the amorphous ma-
trix. This microstructure of the FA sample is typically ob-
served in the Finemet alloy annealed around 450 °Csprep-
rimary crystallizationd because of the formation of a high
number of Cu-enriched clusters that serve as heterogeneous
nucleation sites for bcc-Fe particles.27 Figure 5 shows the
grain size distribution obtained for the SA and SFA samples
corresponding to the microstructures shown in the Fig. 4. As

FIG. 2. XRD patterns in the sample submitted to different treatments. AC:
as-cast, CA: current annealing, SA: stress annealing, FA: field annealing,
and SFA: stress and field annealing.

FIG. 3. XRD pattern obtained in the sample treated at 445 °C for 450 s. The
continuous line denotes the amorphous background and the dashed line is
the remaining scattering of the crystallized phase.

FIG. 4. TEM patterns and images obtained for the sample annealed at
409 °C for 120 s and SA, FA, and SFA treated.
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it can be seen, a rough fitting allows to estimate that the
mean grain size of the SA samples<14.2±0.4 nmd is
significantly larger than that of the SFA sample
s<10.1±0.2 nmd; this fact could indicate, as it has been
mentioned, that the primary crystallization is hindered by the
nanocrystallization occurring due to the heterogeneous
nucleation mechanism in the SFA sample owing to the pres-
ence of the magnetic field during the thermal treatment.

The TEM investigations, which can be considered as
confirmed with the XRD data, have revealed that the dimen-
sions of the stable grains are in the nanometric scale like
similar soft magnetic alloys such as Finemet or Nanoperm,
widely studied, where spherical bcc-Fe nanoparticlesswith
dimensions between 5 and 20 nmd randomly distributed are
crystallized. It seems that the diffusion field impingement
limiting the bcc crystalgrowth28,29 seffect of Nb and B atoms
at the interface nanoparticle-amorphous matrix and Cu clus-
teringd does not occur in the alloy studied.

B. Induced magnetic anisotropy and coercivity

Figure 6 shows the hysteresis loops of the as-cast sample
and the differently treatedsSA, FA, and SFAd onces at
409 °C. The typical soft magnetic character of the as-
quenched sample is evidenced from its hysteresis loopslarge
reduced remanence and very small coercive fieldd. The incli-

nation of the hysteresis loop shape of the stress annealed
sample indicates that a transverse anisotropy was homoge-
neously developed by this kind of thermal treatment.

Figures 7 and 8 show the evolution of the coercive field
and the induced magnetic anisotropy as a function of theFIG. 5. Grain size distribution obtained from TEM data for the SA and SFA

samples annealed at 409 °C for 120 s.

FIG. 6. Hysteresis loops obtained of the as-castsACd and the differently
treatedsSA, FA, and SFAd samples annealed at 409 °C for 120 s.

FIG. 7. Annealing time variation of the coercive fieldsHcd and the induced
magnetic anisotropysKd at different current densities corresponding to the
expressed temperatures for the different current-annealedsCAd samples.
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annealing time for, respectively, CA and FA samples with the
annealing temperatureTann as a parameter. As it is expected,
the FA treatment induces longitudinal anisotropy which
could simultaneously produce a magnetic softnesssput in
evidence by a decrease of the coercive fieldd, the magnetiza-
tion process being mainly caused by a displacement of the
domain walls. In this case, a mechanism of atomic-pair or-
dering could be ascribed for the origin of this field magnetic
anisotropy.

The stress annealing treatment develops a magnetic an-
isotropy with the easy axis transverse to the ribbon axis; this
fact implies that the magnetization process is mainly due to
the magnetization rotation at large applied magnetic fields.
Figure 9 presents the evolution ofHc and Kind with the an-
nealing time for the SA samples,tann, swith the annealing
temperature as a parameterd. As it can be seen, the stress-
induced anisotropy increases monotonically with the anneal-
ing time reaching a maximum,Kmax, after an annealing time
tmax. This tmax value decreases with the annealing tempera-
ture Tann. Such decreasing should be ascribed to the activa-
tion of mechanisms, which are in competition with the in-
duction of magnetic anisotropy. Therefore, the maximum of
the stress-induced anisotropy for each isothermal treatment
can be considered as a “maximum value,”Kmax. It must be
noted that the small values of the coercive field for the treat-
ment at 273 °C, which should be ascribed to the structural
relaxation of the amorphous phase, is predominant to the
nearly zero transverse-induced anisotropy at this low anneal-
ing temperature. It must also note that the values ofHc ob-
tained at the highest annealing temperature of 445 °C
saround 4–6 A/md are quite similar to those reported for

Co-rich amorphous alloys relaxed by the current-annealing
technique.30 Similar remarks can be inferred from the experi-
mental resultssvariation of coercive field and induced aniso-
tropyd originated by the SFA treatmentsFig. 10d.

The evolution ofKmax as a function of the annealing
temperature for the three kind of thermal treatments is shown
in Fig. 11. We can observe that theKmax value corresponding
to SA and SFA increases with the annealing temperature up
to a maximum value, which may be roughly related to a
maximum of the coercive field. The increase ofK andHc at
higher temperaturessup to 409 °Cd could be ascribed to a
rise in the value of the intensity of the interactions between
the metallic atoms and, consequently, an increase of the in-
duced anisotropy could be expected. This argument is linked
to the internal stress relaxation produced by thermal treat-
ment in the metallic glasses. Similarly,Kmax for the FA treat-
ment decreases with the current density down to minimum
value. Such minimum is observed again at around 400 °C.
For an annealing temperature higher than that of the maxi-
mum,Kmax monotonically decreases withTann.

We present in Fig. 12 the maximum values of the coer-
cive field sHc

maxd achieved at each treatment as a function of
the annealing temperature. These maximum values of coer-
civity are obtained for the same annealing time as the maxi-
mum of induced anisotropy given in Fig. 8. As it can be seen,
the evolution ofHc

max with the annealing temperature results
to be quite similar to the one of the stress-induced anisotropy
sat least with significant differences between the CA and FA,
with respect to SA and SFA treatmentsd. Therefore, a corre-
lation between the coercive field and the stress-induced an-
isotropy seems to be implied in this stress-annealed alloy.

FIG. 8. Variation of the coercive fieldsHcd and the induced magnetic aniso-
tropy sKd with the annealing time at different current densities correspond-
ing to the expressed temperatures for the different field-annealedsFAd
samples.

FIG. 9. Variation of the coercive fieldsHcd and the induced magnetic aniso-
tropy sKd with the annealing time at different current densities correspond-
ing to the expressed temperatures for the different stress-annealedsSAd
samples.
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On the other hand, the importance of the two-phase sys-
tem in the nanocrystalline state has been discussed in detail
for the Finemet alloy.9,17,31As it has been mentioned in the
Introduction section, in two-phase system there is a ferro-
magnetic coupling, which is responsible for the soft mag-
netic properties, between the amorphous and nanocrystalline
phases. This coupling depends on the size of the crystallites,
and, specially, on the induced magnetic anisotropy.

Finally, it has been shown that the stress annealing in
Finemet alloy causes the distance of the Fe atoms to be elon-
gated along the direction parallel to the tensile stress.32 Con-
sequently, the magnetic anisotropy induced by stress anneal-
ing will appear and the domain wall will array perpendicular
to this elongated direction.32–35In addition, the structural ori-
gin of this anisotropy is mainly in the crystalline phasesfa
-FesCo,Sid and a-Co phasesg and not in the amorphous
phase, as it was previously suggested by Krauset al.33 In

fact, Ohnumaet al.32 obtained values of the elongation par-
allel to the tensile stress which almost agreed with the ex-
pected values based on the magnetoelastic and pair ordering
models as described in previous studies.35,36

C. Saturation magnetostriction

The evolution of the saturation magnetostriction constant
as a function of the thermal treatments is presented in Fig.
13. Small values ofls saround 2310−6–6310−6d are ex-
pected for this amorphous alloy and such evolution should be
explained taking into account the coexistence of two magne-
tostrictive phases of different signs with a relative maximum
around 420 °Csexcept for the CA sampled. The changes of
ls below such temperature could be ascribed to the relax-
ation process, while around 420 °C it seems to indicate the
first steps of the beginning of the crystallization process.27,37

For an annealing temperature above 420 °C, the pres-
ence of a small amount of crystal grains could be considered
to explain the magnetostrictive behavior. The low effective
magnetostriction in the nanocrystalline samplestreated at a
high temperature of 445 °Cd could be interpreted in a first
approximation by assuming a simple superposition of a volu-
metrically weighted balance among two contributions with
negative signs arising from the bcc-FeSi grainsslFe

cr d and
hcp-Co grainsslCo

cr d and with a positive sign form the re-
sidual amorphous matrixsls

amd according to Ref. 38,

FIG. 11. Variation of the maximum induced anisotropy constantsKmaxd vs
the annealing temperatures of the CA, FA, SA, and SFA samples for 2 min.

FIG. 12. Variation of the maximum coercive fieldsHc
maxd vs the annealing

temperatures of the CA, FA, SA, and SFA samples for 2 min.

FIG. 13. Variation of the saturation magnetostriction constantsld vs the
annealing temperatures of the CA, FA, SA, and SFA samples for 2 min.

FIG. 10. Variation of the coercive fieldsHcd and the induced magnetic
anisotropysKd with the annealing time at different current densities corre-
sponding to the expressed temperatures for the different stress and field
annealedsSFAd samples.
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ls
ef = p1lFe

cr + p2lCo
cr + s1 − p1 − p2dls

am, s5d

wherep1 andp2 are the volumetric fraction of the Fe and Co
crystalline phases, respectively. Therefore, the variations of
ls

ef can be interpreted as a consequence of the fluctuations of
thep parameter. Nevertheless, this approximation ignores the
effect of the high density of interfaces. However, the overall
behavior of such nanoscale system can be influenced or even
dominated by the interfaces. It becomes particularly evident
in the case of the interfacial magnetostriction, which could
modify the resulting magnetostriction obtained bys5d such
as it has been suggested for Fe-based nanocrystalline
alloys.39,40A deeply microstructural analysis is in progress in
order to determine the different parameterssi.e., the fraction
volume of the crystalline phasesp1 and p2, the average ra-
dius of the nanocrystals, as well as the thickness of the in-
terfacesd with the final purpose of taking the interface effects
into account.

IV. CONCLUSIONS

Changes of the coercive field, induced magnetic aniso-
tropy constant, and variations of the saturation magnetostric-
tion coefficient insCo77Si13.5B9.5d90Fe7Nb3 amorphous alloy
submitted to stress and/or axial magnetic-field annealing are
studied sthe stress applied during thermal treatment was
500 MPa and the axial magnetic field was 750 A/md. A
uniaxial in-plane magnetic anisotropy was developed in the
samples as a result of these thermal treatments, which affects
drastically the soft magnetic character of the samples.
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