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Amorphous Co43Fe20B31.5Ta5.5 ribbons prepared by melt-spinning technique, showed a relaxation
frequency fx of 3 MHz, higher than any other known amorphous alloy. Additional complex
permeability measurements reflected the reversible bulging of domain walls as the active
magnetization mechanism below fx. The magnetoimpedance �MI� effect was also detected for this
alloy, with a maximum variation of 1.6% at 5 MHz. A positive saturation magnetostriction of
0.085�10−6 was estimated from tension-stress–MI measurements. © 2007 American Institute of
Physics. �DOI: 10.1063/1.2464189�

I. INTRODUCTION

Cobalt-iron-based amorphous ribbons have attracted
considerable interest since long ago due to their particular
combination of excellent magnetic and mechanical proper-
ties which affords their application in magnetic heads, power
supplies, high frequency devices, and various electronic
appliances.1–3 Their magnetic properties depend not only on
initial composition and further processing, but also on the
alloy final shape �ribbon, wire, glass-covered microwire, thin
film, and bulk alloy4–8�. For instance, the shape of the alloy
influences the magnetic anisotropy and the internal stress
distributions, and thus the magnetic domain configuration,
which in turn determines the frequency-dependent proper-
ties, such as the magnetoimpedance �MI� effect.9 This MI
effect refers to variations of the material impedance response
as a result of an applied dc magnetic field Hdc. The MI phe-
nomenon has been intensively studied since its discovery in
numerous soft magnetic materials.9 On the other hand, high
permeability bulk amorphous CoFeTaB alloys have been re-
cently reported to exhibit unique mechanical properties �in-
cluding fracture strength over 5000 MPa and Young’s modu-
lus of 268 GPa�.10 In this work, we present a study of low
frequency magnetic properties alongside the stress-
dependent MI effect on melt spun CoFeTaB alloys.

II. EXPERIMENTAL TECHNIQUES

Alloy ribbons of composition Co43Fe20B31.5Ta5.5 were
prepared by means of a chill block melt-spinning technique
using a roll speed of 30 m/s, from an ingot previously ob-
tained by arc melting of commercial grade constituents
within inert Ar atmosphere. Microstructure features were
monitored by x-ray diffraction �XRD� and transmission elec-
tron microscopy �TEM� analyses. Complex permeability
measurements were carried out on ribbon samples of 1.6 mm

width, 8 �m thickness, and 85 mm length by means of an
HP 4192A impedance analyzer, with a longitudinal hac

long

field of 3 A/m �rms� applied along the ribbon length axis
with a small solenoid of 100 turns at frequencies within the
range of 10 Hz–13 MHz. For the magnetic ac field trans-
verse to the ribbon length hac

trans an iac current of 3.6 mA
�rms� was applied along the ribbon main axis at the same
frequency range, whereas for MI experiments, an iac current
of 14 mA �rms� was employed at a fixed frequency of
5 MHz, together with a static Hdc field between −10 and
+10 Oe, generated by means of a 200 turn solenoid powered
by a dc source. The saturation magnetization was determined
by means of vibrating sample magnetometry �VSM� with a
maximum applied field of 400 kA/m.

III. RESULTS AND DISCUSSION

The amorphous microstructure of the Co43Fe20B31.5Ta5.5

alloy ribbon was confirmed by XRD and TEM observations,
for which Fig. 1 shows a broad maximum together with an
image with a modulated contrast and a diffuse halo as dif-
fraction pattern, all of them characteristic features of the
amorphous state. The M-H curve for this alloy is displayed
in Fig. 2. A very thin hysteresis area is observed, reflecting
the alloy soft magnetic character. The saturation magnetiza-
tion Ms was determined as Ms=433 kA/m from the curve,
together with a coercivity of 1 kA/m. On the other hand, the
spectroscopic �re�f� and �im�f� plots corresponding to longi-
tudinal and transverse magnetic ac fields are shown in Fig. 3.
For f �1 MHz, �re exhibits a constant tendency for both
cases, with �re

long=1600 and �re
trans=2600 �Fig. 3�a��. Ac-

cording to the complex permeability formalism11 such be-
havior in �re can be associated with the reversible bulging of
magnetic domain walls, which in turn characterizes the ma-
terial initial permeability. For increasing f values, a
relaxation-type dispersion takes place in both cases, indicat-
ing that reversible bulging of domain walls is no longer ac-
tive as a magnetization mechanism. For f �5 MHz, only the
spin rotation process is able to follow the variations of the
excitation fields hsc

long and hac
trans due to its smaller time
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constant compared with reversible bulging. The decrease of
both �re

long�f� and �re
trans�f� to a nonzero value at this f

regime represents the contribution of the spin rotation
mechanism to �re. For the imaginary component of perme-
ability �Fig. 3�b��, both plots manifest clear maxima values at
f =3 MHz. This particular f value corresponds to the relax-
ation frequency fx at which the reversible bulging of mag-
netic domain walls is unactive. It is worth noticing that fx

=3 MHz is a rather high value with respect to amorphous
Fe-based alloys �fx=0.3–0.5 MHz �Refs. 12 and 13�� and
other CoFe-based alloys �fx=0.5–0.8 MHz �Refs. 14 and
15�� and is comparable to some high frequency Ni–Zn and
Zn–Mn ferrites �fx=1.0–3.4 MHz �Refs. 16 and 17��. The
marked difference between �re

long and �re
trans results from a

distribution of the magnetic domain directions, which can be
oriented parallel, perpendicular, and even oblique to the rib-
bon axis �this complex distribution of magnetic domains is a
consequence of the magnetoelastic coupling during the so-
lidification process18�. The predominant presence of trans-

verse domains �i.e., perpendicular to the ribbon axis� is evi-
denced by �re

trans��re
long and by the existence of MI

response, as described in the following.
The MI effect was detected for the present alloy through

the MI ratio �defined as �Z /Z�%�
=100*�Ztot�H�-Ztot�Hmax�� /Ztot�Hmax� �Fig. 4�, which was
measured at f =5 MHz� fx in order to ensure the spin rota-
tion as a magnetization mechanism and thus the evaluation
of the alloy’s transverse anisotropy field.8,9 At higher fre-
quencies �f �5 MHz� minor MI �Hdc� variations were ob-
served, in accordance with equivalent measurements carried
out in similar FeCoSiB amorphous alloys,19 for which the
influence of the ferromagnetic resonance effect on the MI
response begins at f �1.5 GHz, well beyond our equipment
limit. For the present Co43Fe20B31.5Ta5.5 alloy, the MI ratio
exhibits the well known MI double-peak feature9,11 and a
maximum of 1.6%. This rather low MI ratio can be attributed
to the distribution of the alloy anisotropy observed in this
alloy, rather than a well defined transverse anisotropy. This
anisotropy distribution allows the formation of both trans-
verse and parallel magnetic domains �evidenced by the exis-
tence of �re

long and �re
trans responses, Fig. 3�. In contrast, a

FIG. 1. XRD diffractogram and TEM image for the amorphous
C43Fe20B31.5Ta5.5 alloy ribbon.

FIG. 2. M-H curve for the amorphous Co43Fe20B31.5Ta5.5 alloy ribbon.

FIG. 3. Spectroscopic �re�f� and �im�f� plots corresponding to longitudinal
and transverse magnetic ac fields for the amorphous Co43Fe20B31.5Ta5.5 alloy
ribbon.

FIG. 4. MI ratio �Z /Z �%� as a function of Hdc for the amorphous
Co43Fe20B31.5Ta5.5 alloy ribbon.
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key requirement for achieving high MI ratios is a well de-
fined transverse anisotropy �with respect to the iac flow, co-
incident with the ribbon axis in this case�8,9,20 which, in turn,
can be attained by suitable stress or magnetic field annealing,
as have been demonstrated for amorphous ribbons,20

wires,21,22 and thin films.23

On the other hand, the maximum values observed for the
MI ratio are a consequence of the variation of the skin depth
�, which is inversely proportional to the rotational perme-
ability �rot, according to �= �2� /	�rot�1/2 �where �
=resistivity and 	=angular frequency�,9,11 as discussed in
the following.

A more physical insight into the MI phenomenon can be
described in terms of the complex permeability formalism,
from which the complex impedance Z=Zre

+ jZim�j= �−1�1/2� can be transformed into complex perme-
ability �=�re+ j�im by means of the relation �=G�−Zj /	�
with G an appropriate geometrical factor and 	 the angular
frequency.11 At f =5 MHz, the spin rotation remains as the
only magnetization mechanism �since fx was located at
3 MHz, Fig. 3�b��, and thus the real component of perme-
ability shown in Fig. 5 as a function of Hdc and the applied
stress corresponds to the rotational permeability. For the
stress-free curve, the initial increase of �re

rot can be ascribed
to an additional component �axially oriented� of �re

rot ex-
erted by Hdc, which results in higher permeability values and
thus lower � values, which in turn lead to increasing Ztot

�Fig. 4�. The maximum in �re
rot is a consequence of a com-

petition effect in the rotational magnetization process be-
tween the axial Hdc and the transverse anisotropy field Hk

induced during the ribbon fabrication.18,24 Thus, the maxi-
mum appears at Hdc=Hk.

8 For increasing Hdc ��5 Oe�, the
rotational permeability decreases since the magnetic spins
are mostly axially oriented. Consequently, the skin depth in-
creases and thus Ztot decreases gradually as Hdc increases
�Fig. 4�. When increasing stress 
 is applied along the ribbon
axis, a reduction of Hk is observed �i.e., maximum values
closer to 0, Fig. 5� as a result of a progressively higher in-
duced axial anisotropy, which decreases the transverse aniso-
tropy and thus the as-cast transverse magnetoelastic cou-

pling. This behavior is indicative of a positive saturation
magnetostriction constant �s. The dependence of Hk on 
 is
displayed in Fig. 6, for which a linear trend is manifested
following the relation Hk=100 A/m–0.47�10−6 A/mPa 
.
From this relation it is possible to estimate that �s according
to25

�s = − ��oMs

3
���Hz

�

� , �1�

where Ms is the saturation magnetization and �Hz corre-
sponds to the variations of the transverse field Hz necessary
to compensate the magnetoelastic contribution induced by 
.
This equation is proposed for both positive and negative �s

values.25 For the present MI measurements, the compensat-
ing �Hz field corresponds to straightforward Hk. Therefore,
Eq. �1� becomes

�s = − ��oMs

3
���Hk

�

� . �2�

Taking �o=12.56�10−7 H/m, Ms=433 kA/m �Fig. 2�, and
�Hk /�
 as the slope of the Hk�
� plot �Fig. 6�, we have
�s=0.085�10−6, in good agreement with the absolute value
of �s of other CoFe-based alloys.5,22,26

IV. CONCLUSIONS

Reversible bulging of magnetic domains was determined
as a low frequency magnetization mechanism in amorphous
Co43Fe20B31.5Ta5.5 ribbons with a high relaxation frequency
of 3 MHz, which is comparable to that of some high fre-
quency ferrites. The magnetoimpedance effect was observed
in this alloy �with MI ratio of up to 1.6%� together with a
vanishing positive magnetostriction constant.
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FIG. 5. Real component of permeability as a function of Hdc and applied
stress.

FIG. 6. Dependence of the anisotropy field Hk on the applied stress 
. The
solid line corresponds to the linear fitting Hk=100 A/m–0.47
�10−6 A/mPa 
.
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