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Single Domain Wall Contribution to the Impedance
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An experiment, measuring the changes of impedance in a magnetic wire, caused by the presence of a single
domain wall was proposed. The results obtained from a magnetic wire with small helical anisotropy show that for
lower frequencies (up to about 1 MHz), the presence of wall causes an increase in impedance, very probably due
to the wall displacement. As frequency increases, the in�uence of the wall presence on the magnetic state causes
the impedance to decrease in adjacent domains. For frequencies close to 10 MHz this e�ect overcomes the e�ect of
wall displacement.

DOI: 10.12693/APhysPolA.126.82

PACS: 75.30.Gw, 75.47.-m, 75.50.Kj, 75.60.-d, 84.37.+q

1. Introduction

Giant magneto-impedance (GMI) e�ect in thin ferro-
magnetic wires has been intensively studied for about
two decades. This interest was strongly motivated by its
promising application potential [1, 2]. For better under-
standing of GMI e�ect many aspects have to be taken
into account. One of them is the role of domain struc-
ture [3]. Our report presents an experiment in which we
studied the contribution of a single boundary between cir-
cular domains to the impedance in Co68.2Fe4.3Si12.5B15

amorphous ferromagnetic wire with diameter of 125 µm
(Unitika AC20).

Single domain wall experiments in this type of wire are
presented in [4]. Our wire was annealed under simultane-
ous application of tensile and torsion stresses. In this way
a small helical anisotropy was induced. The deviation of
the easy axis from circular direction was very small, but
this still enabled the creation of a single domain wall be-
tween circular domains (with negligible axial component
of magnetization) in the wire [4]. This wall was created
by applying an inhomogeneous axial �eld generated by
Helmholtz coils connected in anti-parallel combination.
The possibility of manipulating a single domain wall us-
ing an axial external �eld gives the opportunity to mea-
sure the wire impedance with and without presence of
the wall, and thus to obtain its contribution to the wire
impedance.

2. Results and discussion

The results of measurements presented in this paper
were obtained on a sample l2 ≈ 2.2 cm long, treated as
described above. The sample was positioned in an exper-
imental set up which consisted of a long solenoid, which
generated a homogeneous magnetic �eld H, and of a pair
of Helmholtz coils connected in anti-parallel combination,
which generated an inhomogeneous magnetic �eld HHe.
Two pairs of thin copper wires were attached to the wire
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with silver paint. The �rst (inner) pair was attached ap-
proximately in its centre with the spacing of l1 ≈ 4 mm
and the second (outer) one was attached to the wire ends.
For circular magnetization �ux measurements, from

which the wall position was derived (details can be found
in [4]), both pairs of contacts were used.
These measurements were also used to �nd the position

of the Helmholtz coils for which in zero �eld H the wall
is created approximately in the centre, between the inner
pair of contacts. For impedance measurements the inner
pair and a Lock-In ampli�er were used.
The wall presence causes very small changes in the wire

impedance. For this reason the following experimental
procedure was used. Measurement of one point on the
ascending branch of the impedance hysteresis loop starts
at maximum-amplitude �eld −Hmax generated by the
solenoid, where impedance Zmax is measured. Then the
�eld is changed to measuring value H and impedance Z1

is measured. In the next step the inhomogeneous �eld
HHe is turned on for about 1 second. The magnitude
of this �eld is high enough for the creation of a single
domain wall in �elds H close to zero [4]. After the �eld
HHe is turned o�, the impedance Z2 is measured. The
whole procedure is completed with a change of the �eld
in the solenoid to the value +Hmax and then back to the
starting value −Hmax.
The wall position as a function of �eld H is shown in

Fig. 1. The position is plotted with respect to the centre
of the wire and was derived from circular magnetic �ux
measurements between both the inner and the outer pairs
of contacts, along the ascending branch of the hysteresis
loop. Interpretation of these curves based on the model
of single wall displacement is also given in this �gure.
Four regions can be identi�ed. Field regions A and D
where no wall is present, region B in which the wall is
present in the wire, but its position is outside the wire
part between the inner contacts, and �nally �eld region
C where the wall is located between the inner contacts.
The change in impedance ∆Z1 = Z1 − Zmax versus

the applied axial �eld H curves, measured at three dif-
ferent frequencies are shown in Fig. 2. In accordance
with the type of the induced anisotropy, typical two-peak
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Fig. 1. Wall position as a function of axial �eld H de-
rived from the ascending branch of a circular magnetic
�ux loop [4], measured between both inner and outer
pairs of contacts. Schematic interpretation of the wall
localization for di�erent regions of the applied �eld is
given in the inset.

Fig. 2. Axial loops of impedance change ∆Z1 for three
frequencies of ac current.

curves are observed [5]. These curves for ∆Z1 and also
for ∆Z2 = Z2 − Zmax for the low �eld region are shown
in Fig. 3. For low frequency of 0.1 MHz in Fig. 3a there
is no visible change in ∆Z1, while an increase in ∆Z2 of
about 5.8 mΩ in the region C can be observed. Interest-
ing behaviour can be seen in Fig. 3b for the frequency of
3.5 MHz. For this frequency the magnitude of changes
in ∆Z1 is comparable with those in ∆Z2. In the regions
A and D ∆Z2 follows the corresponding branches of the
loop for ∆Z1. A decrease in impedance can be observed
in the region B and an increase in the region C. It can be
seen that the presence of the wall can be detected from
the impedance data, even when the wall is not located
between the measuring points � the inner contacts. Very
probably, the presence of the wall causes the magneti-
zation in adjacent domains in the vicinity of the wall to
rotate towards the circumferential direction, and due to
decrease in permeability, the impedance also decreases.
Since the induced helical anisotropy is dominant close to
the wire surface, this e�ect becomes signi�cant at higher
frequencies. For the frequency of 10 MHz (see Fig. 3c)
the negative e�ect of magnetization changes due to wall
presence overcomes the positive e�ect of domain wall dis-
placement.

Fig. 3. Low �eld curves of impedance changes ∆Z1

and ∆Z2 for three frequencies of ac current. It is also
indicated how the wall impedance ∆Zw can be deter-
mined from these curves.

3. Conclusions

An experiment, making it possible to measure changes
of impedance in a magnetic wire, caused by the pres-
ence of a single domain wall was proposed. The re-
sults obtained in this experiment show that for frequen-
cies up to about 1 MHz the wall impedance increases
(∆Zw ≈ 8 mΩ) with increasing frequency probably due
to the dominance of the positive wall displacement con-
tribution. For higher frequencies the wall impedance
decreases with frequency, and at frequencies close to
10 MHz it even becomes negative. The most probable
reason for this, is the decrease in impedance in adjacent
domains separated by the domain wall.
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