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Abstract: The present work reports on the investigations of the magnetization reversal of the 
system of two glass covered amorphous microwires with circular magnetic bistability. The 
experiments have been carried out using the transverse magneto-optical Kerr effect in circular and 
axial magnetic field. The electric current flowing through two wires in opposite directions produced 
the circular magnetic field. The successive opposite jumps of circular magnetization appear as a 
result of mutual interaction of the microwires. A strong influence of the axial magnetic field on the 
circular bistability has been found. The analysis of the experimental results has been performed in 
the frame of the model taking into account the superposition of circular magnetic field, produced by 
the electric current and axial stray fields, produced by the inner cores of microwires. The proposed 
system could be considered as an active element for the sensor of magnetic field. 
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1. Introduction 
 
The study of the magnetization reversal of multi-wire system is an important task, taking into 
account the perspective of its application in codification devices, which involve a set of few 
microwires. If the investigation of mutual influence in multi-microwire system with axial magnetic 
bistability was performed widely enough [1-4], the process of magnetization reversal in the system 
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of microwires with circular bistability [5] was not studied before now. The circular magnetic 
bistability is related with a large Barkhausen jump between two states with opposite directions of 
circular magnetization. This effect appears in circular magnetic field, which can be produced by 
passing an electric current through the wire. It is necessary to note that the magneto-optical Kerr 
effect is the unique possibility to observe the circular bistability effect. The main idea of the 
proposed experiments is to use of a special configuration, in which the electric current flows 
through two wires in opposite directions. The circular magnetic fields induced in the two wires have 
also opposite directions for this configuration. Taking into account the mutual influence of 
microwires, the disappearance of Kerr signal from two wires, which are closely placed, should be 
expected. The application of external magnetic field could break the balance in the system and 
induce the increase of the magneto-optical signal. Therefore, the proposed system could be 
considered as an active element for the sensor of magnetic field. 
 
 
2. Experimental Details 
 
The investigations were performed on two glass covered amorphous microwires, which are closely 
placed. The microwires of nominal composition Co67Fe3.85Ni1.45B11.5Si14.5Mo1.7 (metallic nucleus 
radius R=11.2 µm, glass coating thickness T=0.2 µm) were obtained by the Talor-Ulitovski method 
[6,7]. The length of the studied microwires was 5 cm. The distance between the microwires was set 
equal to the double thickness of the glass coating (0.4 µm). The experiments have been carried out 
using the transverse magneto-optical Kerr effect in circular and axial magnetic field. An ac electric 
current flowing through the wires produced the ac circular magnetic field. The frequency of the 
current was 50 Hz. The dc axial magnetic field was generated by a pair of Helmholtz coils. As was 
mentioned above, we used a special experimental configuration, in which the electric current flows 
through the wires in opposite directions. A He-Ne laser (λ = 633 nm) was used as the light source. 
A polarized light from the laser was reflected from the microwires surface to the detector. The 
intensity of the light, reflected from wires, was proportional to the magnetization perpendicularly 
oriented to the light plane. Therefore, the light intensity was proportional to the circular projection 
of the magnetization. 
 
 
3. Experimental Results and Discussion 
 
First, we have performed the investigation of the magnetization reversal in one microwire when an 
axial dc bias magnetic field has been additionally applied to the ac circular magnetic field  
(Figure 1). Taking into account that the Kerr intensity, I, is proportional to the transverse 
magnetization M in the wire surface area, the perfect rectangular transverse Kerr effect hysteresis 
loop (Fig. 1, black line) should be associated with the circular magnetic bistability effect. The insets 
to the Fig.1 show two states with opposite circular magnetizations, between which the large 
Barkhausen jump appears. Red and blue lines (Figure 1) show the transformation of transverse Kerr 
effect hysteresis loop under the axial magnetic field. In the presence of axial dc field the shift of the 
hysteresis loop, the decreasing of the coercivity and the decreasing of the absolute value of the jump 
of the magneto-optical signal are observed. These features could be explained taking into account 
the influence of the axial magnetic field on the nucleation of the circular domains and the 
inclination of circular magnetization toward the axial direction. 
 
Figure 2(a) shows the dependence of the transverse Kerr effect on the electric current flowing 
through two wires in the absence of the dc axial magnetic field. As for the case of axial bistability 
[3, 4], we consider that the magneto-optical signal from the two-microwires system (ISYS) is given 
by the superposition of the signals coming from the two wires separately considered (ISYS = I1 + I2). 
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Because of the circular magnetic fields induced in the two wires have opposite directions, the Kerr 
effect hysteresis loop in the second wire is “reversed” in respect to the hysteresis loop in the first 
wire. Contrary to expectations, the complete disappearance of the total Kerr signal from two 
microwires has not taken place. The presence of two peaks on the hysteresis loop is observed 
(Figure 2(a)). The two jumps “up” and two jumps “down” are ascribed to successive jumps of the 
circular magnetization in the two microwires. 
 

-0.001 0.000 0.001
-1.0

-0.5

0.0

0.5

1.0

 HAX=0
 HAX=0.5 Oe
 HAX=0.07 Oe

Ke
rr 

in
te

ns
ity

, a
rb

. u
ni

ts

I, A

 
Fig. 1. Transverse Kerr Effect Dependencies on the AC Electric Current for one Microwire 

in the Presence of DC Axial Magnetic Field 
 
 

In the presence of the dc axial magnetic field (Figures 2(b), 2(c)) the transformation of the 
hysteresis loop is observed. The height and the position of the peaks change with the increase of the 
dc magnetic field. When the dc magnetic field is high enough, two almost separated hysteresis 
loops with different values of the ac switching field are observed (Figure 2(c)). 
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Fig. 2. Transverse Kerr Effect Dependencies on the AC Electric Current Flowing Through Two Wires in the 

Absence (a) and the Presence (b, c) of DC Axial Magnetic Field. The Absolute Values of the DC Axial 
Magnetic Field are Shown in the Figure. The red line was obtained when the electric current was changed 

from “-“ to “+”. The black line was obtained when the electric current was changed from “+” to “-“. 
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The analysis of experimental hysteresis loops has been performed under the consideration of the 
mutual interaction of the wires and taking into account a spontaneous character of the magnetization 
reversal in bistable microwires. As a consequence of the stray fields produced by the inner cores of 
the two microwires, each of them is additionally affected by the axial magnetic field as well as by 
the circular magnetic field produced by the electric current flowing through the wires. The 
superposition of the circular magnetic field and the axial stray field causes the reversal of the 
circular magnetization in one of the wires when the circular field is less than in the case of the 
single wire. The direction of the axial magnetization in the inner core changes to the opposite one 
during the magnetization reversal. After the magnetization reversal in the first wire, the spatial 
magnetic field distribution changes: the direction of the stray field of the first wire is changing into 
the opposite. The superposition of the circular field and the stray field with opposite direction 
causes the magnetization reversal of the second wire at larger circular fields in comparison with the 
one corresponding to the single wire. Consequently, two circular Barkhausen jumps appear in the 
system of two microwires with circular magnetic bistability, when the electric current changes from 
–0.001 A to +0.001 A. 
 
The modeling of the magnetization reversal in the two-wires system has been performed 
considering that the values of the switching current and the circular switching field, which are 
similar for two single wires separately considered, are different when the wires compose the two-
wires system with mutual interactions (Figures 3(a) and 3(d)). Thus, the two successive jumps of 
circular magnetization are observed, when the circular fields increases from “-“ to “+”, and two 
jumps when the circular field decreases from “+” to “-“. Because of the direction of the circular 
magnetic field in the two wires is opposite, the Kerr effect hysteresis loop in the second wire is 
“reversed” (Figure 3(d)) in respect to the hysteresis loop in the first wire. To get the model picture 
for magnetization reversal in the two-wires system, the hysteresis loop of the first wire (Figure 3(a)) 
is superposed to the hysteresis loop of the second wire (Figure 3(d)). In this way, the hysteresis loop 
of the two-wires system looks as presented in the Figure 3(g): two jumps “up” and two jumps  
“down” with respect to “zero” background level. It is worth to mention that as in the experimental 
hysteresis loop (Figure 2(a)), the absolute disappearance of the total model hysteresis is not 
observed because of the mutual influence of the wires: the magnetization reversal in the two wires 
takes place at different values of the circular magnetic field. 
 
The modeling of the magnetization reversal in the presence of the dc axial magnetic field is also 
presented in Figure 3. The model hysteresis loops for the first microwire (Figure 3(b)-3(c)) were 
superposed to the model hysteresis loops for the second microwire (Figure 3(e)-3(f)). The result of 
the superposition is presented in Figure 3(h)-3(i). The effect of the dc axial magnetic field is 
associated with its influence on the nucleation of the circular domains [8]. The reason of the shift of 
the transverse hysteresis loop is that the dc axial magnetic field assists the nucleation of the circular 
domain of one type (for example “+”) and inhibits the nucleation of the domain of the other type  
(“-“). The shift of the transverse hysteresis loop increases with the increase of the value of the dc 
axial magnetic field. Because of the opposite directions of circular magnetization in the two 
microwires during the magnetization reversal, the shifts in the two wires appear in different 
directions (see for example Figure 3(b) and 3(e)). The modeling was performed under the 
conditions of Hax1<Hax2<Hax3 and Hax1=0. 
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Fig. 3. Modeling of the Magnetization Reversal in Two-wire System. (a)-(c) – Magnetization Reversal in the 
“First” Wire; (d)-(f) – Magnetization Reversal in the “Second” Wire; (g)-(i) - Magnetization Reversal in the 

Two-wires System 
 
 
4. Conclusions 
 
The experimental configuration, when the electric current flows through the two wires in opposite 
directions, has been used for the first time for a system of two glass-covered microwires. The shape 
of the obtained Kerr-effect hysteresis loops reflects the interaction of the microwires in the 
conditions of the existence of circular magnetic bistability. The superposition of circular magnetic 
field produced by electric current flowing through the wires and axial stray fields produced by the 
inner cores of the two microwires creates the spatial distribution of the magnetic field. Due to this 
distribution, in two microwires with circular bistability the successive opposite jumps of circular 
magnetization appears. Application of the dc axial magnetic field results in the transformation of 
the hysteresis loop, which is related to the effect of the axial field on the circular domains 
nucleation process. The good agreement of the experimental results and the results of the modeling 
allows us to conclude that the main assumptions of our model are adequate. 
 
In spite of the complete disappearance of the total Kerr signal from two microwires is not observed, 
the particular mutual suppression of the signals from two wires takes place. The external field 
induces the opposite shift of circular hysteresis loops in two wires that make the proposed two-wire 
system very sensitive to external magnetic field. 
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