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ABSTRACT 
The giant magnetoimpedance (GMI) dependence on the external magnetic field strength H in as cast Co70.5Fe4.5Si15B10 

amorphous microwire exhibits double-peak behaviour. The position of sharp peaks is symmetrical with respect to zero external 
magnetic fields strength H=0 and corresponds to the critical field strength H=±Hm . The maximum GMI ratio (∆Z/Z)max dependence 
on the amplitude iac is analysed by means of the helical anisotropy (0<α<90o). The additional dc bias current idc in the interval from 
0 to 0.25 mA with iac=0.1 mA was applied in order to observe the asymmetric GMI effect. The hysteresis in asymmetric GMI(H) 
dependences is explained by an irreversible magnetization rotation. 
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1. INTRODUCTION 

The scanning electron microscopy (SEM) image 
(Fig. 1) displays an end of a as cast glass-coated 
ferromagnetic amorphous thin Co70.5Fe4.5Si15B10 wire 
(microwire) of a diameter of 17.8 µm prepared by Taylor-
Ulitovski technique [1]. During this preparation procedure 
the radial, axial and torsion mechanical stresses are 
induced in the metallic central part of the microwire 
(bright in Fig. 1) of a diameter 8.1 µm. The preferential 
orientation of the spontaneous magnetization (magnetic 
anisotropy) in the microwire is given by magnetostriction 
and shape anisotropy. In cobalt based microwires we 
observe a relatively small negative magnetostriction, 
which results in the creation of a wide almost circularly 
magnetized shell domain structure and a narrow axially 
magnetized core [2]. Different mechanical properties of 
the ferromagnetic metallic central part and of the glass 
cover (dark gray in Fig. 1) of the microwire are 
responsible for slight deviation of spontaneous 
magnetization from circular direction in the shell of the 
microwire (helical magnetic anisotropy). The giant 
magnetoimpedance (GMI) effect, which is mainly a 
surface effect, is very sensitive to the rotation of 
magnetization in the shell of the microwire [3]. For this 
reason a measurement of GMI effect is often used to 
determine the surface magnetic properties of cobalt based 
microwires. 

2. THEORETICAL DESCRIPTION 

In case of a circular wire it is convenient to use 
cylindrical coordinates. Helical magnetic anisotropy is 
given by a preferential orientation (easy axis) of the 
spontaneous magnetization M0 of the microwire at zero 
external magnetic field what can be expressed as M0 = (0 , 
Mφ , Mz ) = (0, Ms cos α , Ms sin α ), where Ms is the 
saturation magnetization, α is the angle of deviation of the 
easy axis of magnetization from the circular direction of 
the microwire. The value of α determines the shape of the 
magnetization curve of the microwire during its circular 
magnetization, see Fig. 2, where Ku is a constant of the 
helical magnetic anisotropy [4]. The magnetization curve 

for α=90o represents a hard axis of magnetization along 
the longitudinal wire z-axis. The classical quasistatic 
theory of the skin effect gives the expression for the 
impedance of a cylindrical conductor with radius a : 
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where (1 i) / , 2 /k ϕδ δ ρ ωµ= + = , Ji denotes the Bessel 

function of the i-th order, ρ is resistivity, ω is angular 
frequency and µφ is circular permeability [3]. The 
quasistatic model based on the minimization of the free 
energy of the domain structure was developed [5]. This 
model is successful in explaining the existence of peaks in 
the GMI dependence in Fig. 3, if only a reversible 
magnetization rotation is present, Fig. 2 (α=90o).  
 

 

Fig. 1  SEM image of glass-coated ferromagnetic amorphous 
CoFeSiB microwire 

3. EXPERIMENTAL RESULTS 

The GMI ratio is usually defined as ∆Z/Z={|Z(H)|-
|Z(Hmax)|}/|Z(Hmax)|, where |Z| is the impedance modulus 
and Hmax is the maximum of the measuring static axial 
field H, at which the sample is considered to be magne-
tically saturated along the z-axis. In the presented 
experiments the GMI ratio at the frequency of 1 MHz was 
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measured at different amplitudes iac of the harmonic 
current flowing through the as cast Co70.5Fe4.5Si15B10 
microwire [6]. From GMI(H) ratio dependences, which 
exhibit a double-peak behaviour as in Fig. 3, the 
maximum value of GMI ratio (∆Z/Z)max and its positions -
Hm and +Hm were plotted as functions of amplitudes iac in 
Fig. 4. The application of an additional dc bias current idc 
in the interval 0-0.25 mA altogether with iac=0.1 mA 
revealed an asymmetric character of the GMI(H) 
dependences displayed in Fig. 5.  
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Fig. 2  Calculated reduced magnetization curves Mφ (Hφ) in case 
of irreversible magnetization rotation and helical magnetic 

anisotropy for various value of α (in degrees) 

4. DISCUSSION 

The measured GMI(H) dependence in Fig. 3 displays 
the double-peak behaviour. The positions of the couple of 
sharp peaks are symmetrical with respect to zero external 
magnetic fields strength H=0 and correspond to the 
critical field strengths H=±Hm. Possible explanation is that 
for very low amplitudes iac (or circular field strength Hφ= 
iac / 2πa) a reversible magnetization rotation only takes 
place in the shell of the microwire, if it is taken into 
account that a reversible domain wall motion at the 
frequency of 1 MHz is negligible due to strong damping 
process [7].  

The obtained (∆Z/Z)max dependence on iac in Fig. 4 
exhibits maximum at amplitude iac=1mA (or 
Hφ =22.7 Am-1), which indicates the limit for the 
reversible magnetization rotation. Onset of an irreversible 
magnetization rotational process causes the decrease of 
(∆Z/Z)max at amplitudes iac> 1 mA (or Hφ >22.7 Am-1 ). We 
also observe a hysteretic behaviour in the measured GMI 
dependences in Figs. 3,5. The irreversible rotation of 
magnetization can be explained by the helical magnetic 
anisotropy (0<α<90o), where the rotational jumps of 
magnetization into the opposite direction occur. The 
magnitude of rotational jumps of magnetization depends 
on the angle α as well as on the amplitude Hφ= iac / 2πa, 
see Fig. 2. Onset of an irreversible magnetization 
rotational process also causes the decrease of critical field 
strength H=±Hm in Fig. 4 (down), which corresponds to 
the decrease of critical field strength in calculated 
magnetization curves displayed in Fig. 2. 
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Fig. 3  GMI dependence in Co70.5Fe4.5Si15B10 microwire 
measured at the frequency 1 MHz and at the amplitude iac=1 mA 

0 2 4 6 8 10
0,02

0,03

0,04

0,05

0,06

 

 

 - Hm
 + Hm

( ∆
Z 

/ Z
 ) m

ax

iac [ mA ]  

0 2 4 6 8 10
-300

-200

-100

0

100

200

300

 

 

 - Hm
 + Hm

H m
 [ 

Am
-1
 ]

iac [ mA ]
 

Fig. 4  Maximum value of GMI ratio (∆Z/Z)max (up) and its 
positions –Hm and +Hm (down) as function of amplitude iac 

determined from GMI dependences in Co70.5Fe4.5Si15B10 
microwire measured at the frequency of 1 MHz, as in Fig. 3 

 
When the additional dc bias current idc in the interval 

0-0.25 mA with iac=0.1 mA was applied, the asymmetric 
GMI effect was observed (Fig. 5). The small idc<0.1 mA 
diverts the magnetization vector from the direction given 
by the helical magnetic anisotropy and this results in the 
hysteresis observed in the left GMI peaks (Fig. 5). The 
asymmetry becomes evident, when idc>iac, i.e., the 
microwire is strongly asymmetrically magnetized in one 
circular direction only. Consequently the hysteresis 
vanishes, the peak position ±Hm increases and the 
asymmetric GMI magnitude decreases by about 40%.  
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Fig. 5  The asymmetric GMI effect in Co70.5Fe4.5Si15B10 
microwire during magnetization rotation measured at frequency 
of 1 MHz with AC current (circular magnetic field) amplitude iac 
of 0.1 mA and applied DC bias current idc from 0.03 to 0.25 mA 

5. CONCLUSION 

The maximum GMI ratio (∆Z/Z)max dependence on the 
amplitude iac (or circular field Hφ= iac / 2πa) was analyzed 
by means of the helical anisotropy (0<α<90o).  
It can be concluded that 
• if the reversible magnetization rotation occurs, the 

maximum GMI ratio (∆Z/Z)max increases with 
amplitude iac≤1 mA (or circular field Hφ ≤22.7 Am-1 ),  

• if the irreversible rotation of magnetization starts at iac 
> 1 mA (or circular field Hφ > 22.7 Am-1 ), the 
hysteretic behaviour is observed in the measured GMI 
dependences.  
When the microwire is magnetized in one circular 

direction with the additional dc bias current idc, the 
magnetization vector diverts asymmetrically from the 
direction given by the helical magnetic anisotropy 
(0<α<90o) existing in the glass-coated ferromagnetic 
amorphous CoFeSiB microwire and this results in the 
asymmetry as well as in the hysteresis observed in the 
GMI dependences. 
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