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Abstract
Magnetic Barkhausen noise and hysteresis loops have been measured in the
presence of various tensile stresses from three wire-shaped amorphous
magnetic materials having different domain structures. Long duration large
Barkhausen pulse indicates the presence of an inner core (IC) domain in
positive magnetostrictive glass-coated Co83.2Mn7.6Si5.8B3.3 and
Co58.59Fe4.41Ni10Si11B16 microwires where magnetization takes place by
∼180◦ rotation of domain magnetization. This long duration Barkhausen
pulse is missing in the case of low negative magnetostrictive
Co68.1Fe4.4Si12.5B15 wire indicating a negligible volume of IC domain in it.
Short duration pulses observed in all three samples suggest the presence of a
multi-domain outer shell where small angle rotation and domain wall
displacement are responsible for the magnetization process. The shapes of
the hysteresis loops support the Barkhausen noise studies.

1. Introduction

During the last few decades, research on amorphous magnetic
materials has been a topic of growing interest because of
both the richness in their physical properties and potential
applications in magnetic and electronics industries [1, 2].
Due to the absence of crystal structure in these amorphous
materials, magnetocrystalline anisotropy is almost negligible.
During the preparation of these materials by rapid quenching
from the melt, internal stresses are generated, which in
turn develop magnetoelastic anisotropy energy. Therefore,
domain structures and magnetic properties of amorphous
magnetic materials are mainly governed by this stress-induced
magnetoelastic anisotropy energy [3]

Because of the peculiar domain structure, wire-shaped
transition metal based amorphous magnetic materials show
various kinds of hysteresis loops [3–6]. At low field, instead
of any minor loop as generally observed in a ferromagnetic
material, a sudden but very large change in magnetization
takes place in the case of strongly magnetostrictive, either
positive (figure 1(a)) or negative (figure 1(b)), wires [5, 6].
This large and stable jump in magnetization is considered

to be due to flux reversal in an axial domain [7]. However,
low magnetostrictive wires do not exhibit this reentrant flux
reversal indicating the absence of any large axial domain in
them [4].

Amorphous wires and microwires are prepared by rapid
quenching of molten alloys [1–3]. The nature, magnitude
and distribution of frozen-in stresses in the amorphous state
depend strongly on the process of rapid quenching and
morphology of the alloy. When the molten alloy is quenched,
an outside shell solidifies first establishing the diameter of
the molten core [6, 8]. As the core solidifies, it shrinks and
generates stress, which changes from radial to longitudinal
on going from the outer surface to the centre. From
previous studies [3–8] it is predicted that because of the
distribution of frozen-in-stress, the domain structure of a
wire-shaped sample consists of an inner core (IC) domain
having a magnetization direction closely parallel to the wire
axis and a multi-domain outer shell (OS) with transversely
oriented magnetization (radial and circumferential for positive
and negative magnetostrictive samples, respectively). The
predicted domain structures of a positive and a negative
magnetostrictive sample are shown in figure 1. For
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Figure 1. Possible domain structure of (a) a positive and (b) a
negative magnetostrictive wire-shaped amorphous magnetic
material.

example, strongly positive magnetostrictive wires (such as
Fe77.5Si7.5B15) show a large change in magnetization at low
field indicating a large IC [5–8]. On the other hand, very low
negative magnetostrictive wires (such as Co68.1Fe4.4Si12.5B15)
show a usual sigmoid-shaped hysteresis loop with a slow
increase in magnetization with an axial magnetic field due to
much larger OS and negligible IC [4]. Because of these unusual
domain structures, wire-shaped samples show large change in
impedance (even more than 500%) due to a change in magnetic
field, called giant magnetoimpedance (GMI) [4, 5, 9–12]. The
characteristic flux reversal along with GMI properties makes
the wires useful for various applications in rotary encoders,
non-contact switches, memory heads, field, electric current,
position and security sensors [3, 12, 13].

All the interesting properties exhibited by wire-shaped
amorphous magnetic materials depend on their domain
structures, volume fraction of IC and OS and magnetization
dynamics which can be well understood by studying magnetic
Barkhausen noise (MBN) [14–17]. MBN is generated by the
reversible and irreversible displacement of 180◦ and non-180◦

domain walls or by abrupt rotation of domain magnetization
vector. MBN has been used extensively for microstructural
characterization of various magnetic materials, to determine
magnetic easy axis, to monitor grain size, to estimate
the internal and external stresses, stress concentrations, etc
[14, 16, 18, 19]. MBN has also been studied as a complex
statistical phenomenon which depends on various parameters
such as the kind of ferromagnetic sample, character of
quenched in defects and external field driving rate [20, 21].
Incorporating the concept of self-organized criticality (SOC)
Bak et al [22] showed that dissipative dynamical systems
with extended degrees of freedom can evolve towards a self-
organized critical state and this concept of SOC was well
supported by Meisel and Cote [23]. Critical exponents,

Figure 2. Block diagram of the experimental set-up for measuring
MBN.

power laws, scaling relations and data collapsing have been
well studied to understand the criticality of Barkhausen
noise [20–27].

Though MBN has been studied in various kinds of ferro-
magnetic steel, ferrites and ribbon shaped amorphous magnetic
materials [14–21], the literature on the MBN study from wire-
shaped amorphous magnetic materials is very scant [15, 17].
In the present work, we have studied MBN from three wire-
shaped samples with compositions Co83.2Mn7.6Si5.8B3.3 (pos-
itive magnetostrictive microwire), Co58.59Fe4.41Ni10Si11B16

(positive magnetostrictive microwire) and Co68.1Fe4.4Si12.5B15

(low negative magnetostrictive wire) and different domain
structures as discussed earlier. The application of an exter-
nal tensile stress changes the fraction of IC and OS within the
wire, induces a magnetoelastic anisotropy energy and hence
affects the magnetization dynamics and MBN signals. There-
fore, MBN studies of these samples under stress would help us
in understanding and monitoring the GMI and other magnetic
properties in these materials.

2. Experimental

MBN was measured by a home-fabricated sensitive
experimental set-up as shown in figure 2. A magnetic field,
which is sufficient for the technical saturation of the sample,
is generated by passing a low frequency (12 Hz) sinusoidal
current through a Helmholtz coil. A small pick-up coil around
the sample with 10 000 turns is used to detect MBN signals
from various samples. The MBN signal was sampled at
intervals of 1 µs and ten traces are taken for each measurement.
The signal from the coil is amplified by 50 times using a
low-noise pre-amplifier, passed through a band-pass filter
(3–300 kHz) and then collected in a personal computer. Only
those voltage signals having amplitudes higher than a selected
threshold are considered for analysis. The MBN energy
denoted as EMBN is calculated by integrating the square of these
voltages with respect to time (EMBN = ∫

v2 dt) [28]. For this
purpose, a computer program has been developed. The MBN
from two glass-coated positive magnetostrictive amorphous
microwires having composition Co83.2Mn7.6Si5.8B3.3 and
Co58.59Fe4.41Ni10Si11B16 with metallic diameter ∼14 µm and
one low negative magnetostrictive amorphous wire with
composition Co68.1Fe4.4Si12.5B15 and diameter ∼125 µm have
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Figure 3. The dc hysteresis loops of Co83.2Mn7.6Si5.8B3.3

amorphous glass-coated microwire in the absence and in the
presence of 440 MPa stress.

been studied in the presence of various tensile stresses. The
length of samples taken for experiments was ∼12 cm.

To correlate MBN results with magnetic properties, an
experimental set-up has been developed to study dc magnetic
hysteresis loops in the presence of various tensile stresses. In
this set-up, magnetization can be measured by the induction
method using a flux meter (Walker Scientific, MF-3D) [8].
Axial tensile stresses can be given to the samples by hanging
various loads from one end keeping the other end fixed.

3. Results and discussions

To understand the domain structure of the microwires and
the wire, hysteresis loops of the above three samples have
been plotted in figures 3–5 in the absence and in the presence
of a tensile stress. In the case of sample 1 (figure 3,
Co83.2Mn7.6Si5.8B3.3), the hysteresis loop consists of two
distinctly different parts. An initial jump in magnetization
is observed at low magnetic field followed by a slow rise in
magnetization with field. The application of an external stress
enhances the first part by increasing the magnitude of the initial
jump at the expense of the second part. Coercivity (HC) of the
sample decreases from ∼70 mOe in the absence of any stress
(σ = 0 MPa) to ∼50 mOe due to the application of 440 MPa
stress (σ = 440 MPa). In the case of sample 2 (figure 4,
Co58.59Fe4.41Ni10Si11B16), a square-shaped hysteresis loop is
observed which corresponds to the first part of the hysteresis
loop of sample 1. HC decreases from ∼250 mOe at σ = 0 MPa
to ∼230 mOe at σ = 209 MPa whereas remanance increases
with stress. Sample 3 (figure 5, Co68.1Fe4.4Si12.5B15) does not
show any sharp jump at low field, instead, it shows a gradual
change in magnetization with field and its coercivity increases
from 11.5 mOe at σ = 0 MPa to ∼15 mOe at σ = 240 MPa.

-12 -6 60 12

-12

-6

0

6

12

-12

-6

0

6

12

209 MPa4π
M

 (
kG

)
Magnetic Field (Oe)

 Increasing H
 Decreasing H

0 MPa

 Increasing H
 Decreasing H

Figure 4. The dc hysteresis loops of amorphous glass-coated
Co58.59Fe4.41Ni10Si11B16 microwire in the absence and in the
presence of 209 MPa stress.
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Figure 5. The dc hysteresis loops of Co68.1Fe4.4Si12.5B15 amorphous
wire in the absence and in the presence of 240 MPa stress.

To check that our experimental set-up is generating
real Barkhausen noise, the MBN from a polycrystalline
ferromagnetic iron wire has been taken and the results have
been shown in figure 6. The typical MBN from the iron wire
consists of a large number of usual short duration spike voltages
due to 180◦ domain wall motion or sudden magnetization
rotation and serves as a standard while comparing the other
MBN signals from the amorphous samples.

Figure 7 shows the MBN from Co83.2Mn7.6Si5.8B3.3 glass-
coated microwire (sample 1) in the presence of 0 and 974 MPa
tensile stress. In accordance with its hysteresis loop, the MBN
also consists of two distinctly different parts corresponding
to two different domain regions. The first part consists of a
large Barkhausen jump from IC with longer duration (pulse
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Figure 6. MBN from a polycrystalline ferromagnetic iron wire.
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Figure 7. MBN from amorphous glass-coated Co83.2Mn7.6Si5.8B3.3

microwire in the absence and in the presence of 974 MPa stress.
Inset (a): the stress dependence of MBN energy of the IC, EIC

MBN and
OS, EOS

MBN of the same microwire. Inset (b): the stress dependence of
pulse width of MBN signal from IC, τIC and OS, τOS of the same
microwire.

width, τIC ∼ 24 µs) compared with that (τOS ∼ 4 µs) of the
voltage pulses in the second part obtained from OS which are
also smaller in magnitude and gradually diminish with time.
The MBN energy from the IC and OS, termed EIC

MBN and
EOS

MBN, respectively, has been plotted in inset (a) of figure 7 as
a function of applied tensile stress. The application of external
stress decreases EIC

MBN, as well as EOS
MBN. The duration of the

pulse from IC, τIC, increases significantly with stress whereas
that from OS, τOS, is not affected much as shown in inset (b)
of figure 7.
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Figure 8. MBN from amorphous glass-coated Co58.59Fe4.41Ni10

Si11B16 microwire in the absence and in the presence of 1253 MPa
stress. Inset (a): the stress dependence of MBN energy of the IC,
EIC

MBN and OS, EOS
MBN of the same microwire. Inset (b): the stress

dependence of pulse width of MBN signal from IC, τIC and OS, τOS

of the same microwire.

The stress dependence of MBN from the glass-coated
microwire Co58.59Fe4.41Ni10Si11B16 (sample 2) has been
studied and the results in the absence and in the presence of
1253 MPa tensile stresses are shown in figure 8. In this case
MBN is dominated by the first part consisting of a long duration
(pulse width, τIC ∼ 33 µs) large amplitude voltage pulse
whereas the second part is almost negligible. MBN energy
in IC (EIC

MBN) and OS (EOS
MBN) decreases with stress as shown

in inset (a) of figure 8. Inset (b) of figure 8 shows that the
duration of large MBN pulse (τIC) from IC increases with stress
whereas that from OS (τOS) is not much affected by external
stresses. The results obtained by similar studies using a wire
with composition Co68.1Fe4.4Si12.5B15 are presented in figure 9.
In contrast to the results from samples 1 and 2 (figures 7 and 8),
the first part with long duration large amplitude voltage pulse
is almost absent and the second part with small MBN voltages
is dominant which reduces due to the application of a tensile
stress of 52 MPa. The stress dependence of MBN energy from
OS of the wire (EOS

MBN) is shown in inset (a) of figure 9. In this
case, EOS

MBN reduces with stress.
The above MBN and magnetization studies suggest that

positive magnetostrictive Co83.2Mn7.6Si5.8B3.3 microwire (λ ∼
1.0 × 10−7) [5] consists of a significant volume of axial IC as
well as OS. The change in magnetization in IC takes place
mainly by almost 180◦ rotation of the domain magnetization
giving rise to a sharp jump in the hysteresis loop (figure 3) and
a long duration large amplitude pulse in MBN (the first part of
MBN in figure 7). A number of short duration voltage pulses
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Figure 9. MBN from amorphous Co68.1Fe4.4Si12.5B15 wire in the
absence and in the presence of 52 MPa stress. Inset (a): the stress
dependence of MBN energy of the same wire.

in the second part of MBN of sample 1 (figure 7) are due to
the change in magnetization in OS by the displacement of 180◦

domain walls or magnetization rotation of much smaller angles
compared with that observed in IC. This part of MBN from OS
corresponds to the slow rise in magnetization in its hysteresis
loop (figure 3). The OS could also generate some additional
small pulses coupled to the large MBN signal in the first part.
Because of the application of an external longitudinal tensile
stress, an induced anisotropy is developed along the direction
of stress as the sample is positive magnetostrictive in nature.
This induced anisotropy opposes the rotation of magnetization
by a magnetic field in IC and increases the corresponding time
width of the pulse with stress as observed in inset (b) of figure 7.

MBN from the positive magnetostrictive microwire
Co58.59Fe4.41Ni10Si11B16 [29] mainly consists of a long
duration and large amplitude pulse (figure 8), which indicates
that sample 2 consists of mainly IC and negligible OS. The
almost square-shaped hysteresis loop (figure 4) of this sample
also indicates an IC dominated domain structure. Applied
tensile stresses increase the duration of pulse, τIC, as more
time is required for 180◦ magnetization rotation in IC due to
stress-induced axial anisotropy. This induced magnetoelastic
anisotropy also reduces the change in magnetization with time
(∂M/∂t) in IC and hence the amplitude of the MBN pulse
from IC as well as EIC

MBN in both samples 1 and 2 (insets (a) in
figures 7 and 8). The volume of IC increases with axial tensile
stress at the expense of OS in these positive magnetostrictive
samples as the direction of domain magnetization in IC

and stress are the same. As a result, EOS
MBN also decreases with

stress (inset (a) of figure 7). Hysteresis loops of samples 1
and 2 (figures 3 and 4) at different stresses support these MBN
results.

The absence of any initial jump in magnetization and the
typical sigmoid-shaped hysteresis loop (figure 5) observed in
the case of negative magnetostrictive (λ ∼ −0.08 × 10−6)
Co68.1Fe4.4Si12.5B15 wire (sample 3) [4] indicate that the
domain structure of the wire is mainly composed of OS with a
negligible volume of IC as the magnetostriction coefficient is
very low. This proposed domain structure is also reflected
in the MBN study because of the absence of initial large
Barkhausen jump, which is observed in the case of samples 1
and 2. Therefore, the change in magnetization in sample 3
is mainly due to rotation or domain wall displacement in
OS. As this sample is negative magnetostrictive in nature,
the applied stresses develop a transverse anisotropy, which
opposes the changes in magnetization in OS along the direction
of the longitudinal magnetic field reducing MBN energy with
stress (inset (a) in figure 9). The change in magnetization
predominantly takes place by domain wall displacement
around the coercive field generating the maximum MBN
around that field. Beyond coercivity, MBN amplitude
gradually decreases with the increase in field as observed in
the second part of MBN from OS shown in figures 7–9.

4. Conclusions

Long duration MBN pulse with large amplitude obtained
from positive magnetostrictive Co83.2Mn7.6Si5.8B3.3 and
Co58.59Fe4.41Ni10Si11B16 microwires indicates the presence of
a large cylindrical shaped IC domain where magnetization
reversal takes place by 180◦ rotation of domain magnetization.
External longitudinal tensile stresses oppose the rotation of
magnetization in IC by inducing a magnetoelastic anisotropy
energy along the length of the samples, resulting in an increase
in pulse width with stress. Negative low magnetostrictive
Co68.1Fe4.4Si12.5B15 wire does not show any large MBN pulse
of long duration as the volume of IC domain is not significant
in it and the change in magnetization takes place by domain
wall displacement or magnetization rotation in the OS.
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