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The double-peak behaviour of giant magneto-impedance (GMI) dependence on the external magnetic �eld
strength H is observed in as-cast glass-covered amorphous thin wire Co70.5Fe4.5Si15B10 (microwire), as well as in
microwire with the removed glass cover. The position of sharp peaks is symmetrical (H = ±Hm) with respect to
zero external magnetic �eld strength (H = 0) and corresponds to the critical �eld of irreversible magnetization
rotation. The maximum GMI ratio (∆Z/Z)max dependence on the amplitude of current iac at frequency of 1 MHz
is analysed by means of the helical anisotropy (0 < α < 90◦), induced during preparation of the microwire and after
glass-cover removing. The additional dc bias current idc ≤ iac is applied in order to achieve asymmetrical GMI
e�ect. Asymmetrical GMI dependences exhibit hysteresis which can be explained by irreversible magnetization
rotation at ferromagnetic surface of the microwire.
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1. Introduction

As cast glass-covered ferromagnetic amorphous thin
Co70.5Fe4.5Si15B10 wire (microwire) of a diameter of
17.8 µm with small negative magnetostriction has been
prepared by Taylor-Ulitovski technique [1]. The rela-
tively small negative magnetostriction results in the cre-
ation of a wide, almost circularly magnetized shell do-
main structure and a narrow axially magnetized core [2].
The preferential orientation of the spontaneous magne-
tization (magnetic anisotropy) in the microwire is given
by magnetostriction and shape anisotropy. Di�erent me-
chanical properties of the ferromagnetic metallic central
part and of the glass cover of the microwire are responsi-
ble for deviation of spontaneous magnetization from cir-
cumferential (circular) direction in the shell of the mi-
crowire (helical magnetic anisotropy) [3]. Additional re-
moving of the glass cover gives the possibility to de-
crease the helical anisotropy. Considering giant magneto-
impedance (GMI) e�ect, which is mainly a surface e�ect,
it is very sensitive to the rotation of magnetization in the
shell of a microwire [4]. GMI measurements are often
used to determine surface magnetic properties of cobalt
based microwires. A quasistatic model based on the min-
imization of the free energy of domain structure was de-
veloped [5] to explain the existence of peaks in the GMI
dependence in Fig. 2, if only a reversible magnetization
rotation is present.

2. Experimental motivation

The scanning electron microscopy (SEM) image
(Fig. 1a) of the mechanically removed glass cover reveals
its weak bonding with the metallic central part of the mi-
crowire. Nevertheless the local isolated glass fragments
remain strongly �xed to metallic surface (Fig. 1b). It is
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possible to deduce a complex inhomogeneous distribution
of radial, axial and torsional mechanical stresses in the
metallic part of the microwire, induced during its prepa-
ration procedure, as well as after glass cover removing.
The angle α of deviation of the easy axis of magnetiza-
tion from the circumferential direction of the microwire
(spiral angle, 0 < α < 90◦) determines the shape of the
hysteresis loop of the microwire during its magnetization
along z-axis with irreversible magnetization rotation at
the critical �eld [6].

Fig. 1. SEM image of removed glass cover (left) and
ferromagnetic amorphous Co70.5Fe4.5Si15B10 microwire
of a diameter d = 8.1 µm, without glass cover (right).

3. Experimental results

The GMI(H) ratio is usually de�ned as ∆Z/Z =
(|Z(H)| − |Z(Hmax)|)/|Z(Hmax)| , where |Z| is the
impedance modulus and Hmax = 10 kA·m−1 is the max-
imum of the applied static axial �eld H, at which the
sample is considered to be magnetically saturated along
the z-axis. In the presented experiments the GMI ra-
tio at the selected frequency of 1 MHz was measured at
di�erent amplitudes iac of the harmonic current �owing
through the as-cast Co70.5Fe4.5Si15B10 microwire. From
GMI(H) ratio dependences, which exhibit a double-peak
behaviour (as in Fig. 2), the maximum value of GMI ra-
tio (∆Z/Z)max and peak positions −Hm and +Hm were
plotted as functions of amplitudes iac in Fig. 3. The
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Fig. 2. GMI dependence measured at the frequency of
1 MHz and at the amplitude iac = 1 mA in as-cast
Co70.5Fe4.5Si15B10 microwire with glass cover and after
glass cover removing.

Fig. 3. Maximum value of GMI ratio (∆Z/Z)max (left)
and peak positions −Hm and +Hm (right) as functions
of amplitude iac, determined from GMI dependences
in Co70.5Fe4.5Si15B10 microwire, measured at the fre-
quency of 1 MHz, as in Fig. 2.

application of an additional dc bias current idc in the
interval 0 ≤ idc ≤ iac together with the iac = 1 mA,
revealed an asymmetric character of the GMI(H) depen-
dences measured in as-cast Co70.5Fe4.5Si15B10 microwire
after glass-cover removing (displayed in Fig. 4).

4. Discussion
The measured asymmetrical GMI(H) dependences of

as-cast Co70.5Fe4.5Si15B10 microwire with glass cover [7]
and after glass cover removing (Fig. 4) displays double-
peak behaviour. The theoretical explanation is that
for very low amplitudes iac (or circular �eld strength
hϕ = iac/πd) any reversible domain wall motion at higher
frequencies (≥ 1 MHz) is negligible due to strong damp-
ing process [8], and magnetization rotation takes place
only in the shell of the microwire. The positions of the
pair of sharp peaks (H = ±Hm) are always symmetri-
cal with respect to zero external magnetic �elds strength
H = 0 and correspond to the critical �eld of irreversible
magnetization rotation. The dispersion of the critical
�eld together with local variation of the angle α (the
easy axis direction) a�ect the peaks shape.
Removing of the glass cover reduces tensile stresses in

the microwire, changes the induced helical anisotropy and
the angle α. This results in the increase of the critical
�eld and of the maximum value of GMI ratio (∆Z/Z)max

in Fig. 2. A residual domain structure formed around

local pinning centres of the glass fragments on the mi-
crowire surface, manifests itself in formation of a sec-
ondary small GMI peaks (inset in Fig. 2).

Fig. 4. The asymmetrical GMI e�ect in
Co70.5Fe4.5Si15B10 microwire after glass cover re-
moving, measured at frequency of 1 MHz with
amplitude iac of 1 mA and applied dc bias current idc
was varied from 0 to 1 mA.

5. Conclusions

Generally the application of bias idc (or static circular
�eld of strength Hϕ = idc/πd), signi�cantly decreases
(∆Z/Z)max, and brings asymmetry in GMI(H) ratio,
when the static axial �eld H has parallel or antiparal-
lel orientation with respect to direction of bias idc.
Despite the fact that occurrence of the hysteresis in

GMI(H) dependences is a disadvantage from the appli-
cation point of view, it introduces a valuable information
about the magnetization dynamics and the magnetic be-
haviour of surface domain structure.
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