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Abstract—The magnetoimpedance of a glass coated amorphous
microwire of nominal composition Co83 2Mn7 6Si5 8B3 3 was
studied by changing a dc magnetic field within 140 Oe and the
frequency of the current up to 11 MHz. Giant magnetoimpedance
effect was observed within a frequency range of 1–8 MHz with
a maximum change of 53% around 4 MHz. The effect of axial
tensile stress (maximum 566 MPa) on the magnetoimpedance
of the sample was studied. The magnetic hysteresis loop of the
same sample at different tensile stresses was also measured to
understand the domain structure and the magnetoimpedance
results of the microwire.

Index Terms—Frequency, giant magnetoimpedance, microwire,
stress.

I. INTRODUCTION

T HE giant magnetoimpedance (GMI), discovered recently
in amorphous wires, ribbons and films has generated

growing interest because of their promising applications in
recording heads and magnetic sensors [1]–[3]. When an ac
current is applied to such materials, their impedance changes
sensitively with an applied dc magnetic field. At low frequen-
cies kHz), the large value of magnetoimpedance (MI) is due
to an extra electromotive force developed by the ac current.
The application of a dc magnetic field changes the effective
magnetic field and hence the induction of the sample and gives
rise to a large MI [1], [4]. At higher frequencies MHz),
the current flows through a thin sheath near the surface of
the sample due to skin effect. The penetration depth of the
current, can be expressed as where is the
frequency, is the electrical conductivity and , the circular
permeability. At a particular frequency, the application of a dc
magnetic field changes and hence which in turn changes
the MI until reaches the radius of the sample [1], [4].

Mainly Co-based amorphous magnetic materials with
vanishing magnetostriction coefficient show GMI (more than
300% change). Recently developed glass coated amorphous
microwires also exhibit GMI property [5], [6]. In the present
work, we have reported more than 50% change in MI in a
low positive magnetostrictive Co Mn Si B microwire
due to a change of 140 Oe dc magnetic field. Frequency and
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stress dependence of MI was studied in detail. The frequency
response of MI was maximum around 4 MHz. The application
of an external tensile stress was also found to change the MI
value to a large extent.

II. EXPERIMENTAL

Glass coated amorphous microwires of nominal composi-
tions Co Mn Si B were prepared by Taylor-Ulitovsky
method [5], [6]. The diameter of the metallic part of the sample
was 16 m, covered by a glass coating of thickness5 m.
The impedance of a 12 cm long sample was measured by
two probe method using a spectrum/network analyzer. The
electrical contacts were made to the wire by silver paint.
The magnitude of the ac current was 1 mA and its frequency
was varied from 0.2 MHz to 11 MHz. A dc magnetic field
(maximum 140 Oe) parallel to the axis of the sample was
applied by a Helmholtz coil system. The axis of the sample was
kept perpendicular to the earth³s magnetic field to minimize
its effect on the sample. To study the effect of stress on GMI,
tensile stresses up to 566 MPa were applied along the axis
of the sample. The percentage change of MI with applied
magnetic field has been expressed as

where = 140 Oe, the maximum applied field. The dc hys-
teresis loop of the microwire was measured under different ten-
sile stresses by induction method.

III. RESULTS AND DISCUSSIONS

The percentage change of GMI, , with the applied
dc magnetic field, is shown in Fig. 1 at 3.7, 7.3 and
10.9 MHz frequencies and under the influence of different
tensile stresses,. At 3.7 MHz [Fig. 1(a)], the maximum value
of GMI is observed at = 0 and decreases with
the increase of . The peak value of reduces from
53% at = 0 to 24% at = 566 MPa. The single peak behavior
of GMI is observed below 6 MHz frequency. However at higher
frequencies (above 6 MHz), two peak behavior is observed.

At 7.3 MHz [Fig. 1(b)], the peak values appear at
Oe in absence of any stress and the dip observed at

= 0 gradually diminishes with the increase of tensile stress.
At 566 MPa stress, single peak behavior is observed again. At
10.9 MHz [Fig. 1(c)], the dip found at = 0 decreases as the
tensile stress increases but the maximum applied stress is not
sufficient to reproduce the single peak behavior. A very small



Fig. 1. The variation of percentage change of magnetoimpedance,�Z=Z(%)
with dc magnetic fieldH in presence of different tensile stresses and for the
ac current frequency of (a) 3.7 MHz (b) 7.3 MHz and (c) 10.9 MHz.

hysteresis effect was observed in MI around = 0 when mea-
sured within a small range of . Fig. 2 shows the frequency
dependence of GMI peak position, in presence of different
stresses. The frequency region of single peak behavior =
0) goes up with the increase of stress. A large change in
with frequency is observed together with the appearance

Fig. 2. The frequency dependence of peak positions of GMI,�H in presence
of different axial tensile stresses.

Fig. 3. The variation of maximum percentage change in magnetoimpedance
(i.e, the peak value of GMI),[�Z=Z(%)] with frequency under different
axial tensile stresses.

of two peak behavior which gradually diminishes at the higher
frequency region.

The frequency dependence of maximum value of ,
indicated as , is shown in Fig. 3 in presence
of different tensile stresses. At frequencies below 1 MHz, the
change in is small. Considering the average value of
circular permeability , the skin depth estimated is compa-
rable with the radius of the microwire when the frequency of the
current is about 1 MHz. This qualitatively accounts for the ob-
served GMI due to skin effect above 1 MHz as shown in Fig. 3.
At around 4 MHz, the field response of GMI is maximum. The
effect of stress is also large in this frequency region. The posi-
tion of shifts toward the higher frequency with
the increase of stress. decreases from 53% to
24% when a stress of 566 MPa was applied.

For a better understanding of the GMI results, the axial hys-
teresis loops of the same sample have been studied in presence
of different stresses and are plotted in Fig. 4. It shows that the
tensile stress decreases the coercivity from70 mOe at =
0 to 50 mOe at = 440 MPa and the anisotropy field from

3.8 Oe at = 0 to 2.7 Oe at = 440 MPa. An estimation
of the linear magnetostriction coefficient,can be made from
the change in anisotropy field from 3.8 Oe to 2.7 Oe due to the
change in applied stress of 440 MPa and the estimated value of

.



Fig. 4. The hysteresis loops of the microwire at 0 and 440 MPa tensile stresses.

The domain structure of a microwire consists of a
single-domain core having magnetization direction close
to the wire axis and a multi-domain external shell with trans-
versely oriented magnetization. The change inin the inner
and outer shell due to the application of a dc magnetic field is
the main reason for GMI as discussed before [1], [4]. The ap-
plied dc magnetic field nearly compensates the axial magnetic
anisotropy when it reaches the switching field of the sample.
At this field, the quasifree magnetization responds quickly to
the external oscillating magnetic field and gives rise to a large
circular permeability. As the switching field of the sample used
for this experiment is very small, a few mOe, the maximum
value of GMI is observed close to = 0. In presence of a
dc magnetic field, decreases owing to the unidirectional
magnetostatic anisotropy caused by Hdc. Therefore, with
the increase of a dc magnetic field the penetration depth,
increases resulting a decrease in MI as observed in Fig. 1.

In presence of a circular magnetic field, the outer shell con-
tributes more to GMI compared to the inner core domain. The
application of a tensile stress decreases the volume of outer shell
(Fig. 4) and generates a uniaxial magnetic anisotropy along the

wire axis which reduces and accounts for the decrease in
GMI peak value with stress. The switching and the anisotropy
field increase with the increase in frequency and gives rise to two
peak behavior at frequencies higher than 6 MHz. The external
tensile stress increases the magnetic softness of the material and
reduces the switching and the anisotropy field of the microwire
(Fig. 4). As a result of it, the position at which the GMI
peak appears, shifts toward the lower value of magnetic field
with the increase of stress (Fig. 2) and single peak behavior is
reproduced at sufficiently high stress [Fig. 1(b)].

At frequency below 1 MHz, the radius of the wire,is less
than and the peak value of MI is not very high as the contri-
bution to MI arises mainly from the induced magneto-inductive
voltage. When the frequency is higher than 1 MHz and ,
higher values of MI is obtained as a consequence of skin effect.
Beyond 5 MHz, decreases with the increase in fre-
quency. In this frequency region, domain wall motion is strongly
damped owing to eddy currents and contributes less to the per-
mebility resulting a decrease in GMI with the increase in
frequency.

IV. CONCLUSION

A glass coated amorphous microwire of nominal com-
position Co Mn Si B was found to give giant
magnetoimpedance (maximum change (53%) with in a fre-
quency range of (1–8 MHz. Single peak GMI behavior is
observed when the frequency is less than 6 MHz beyond
which double peak behavior is seen. The value of GMI is very
sensitive to the external stress and decreases from 53% to 24%
due to the application of an axial tensile stress of 566 MPa. The
two peaks of GMI observed at high frequency is reduced to one
peak when a sufficient high stress is applied.
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