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Few examples of technical and biomedical applications of bistable magnetic microwires are shown. Particularly,
application of microwires in civil engineering are shown for sensing the mechanical stress in concrete, steel structure
or steel cable by simple gluing it on the surface of studied structure. On the other hand, biomedical applications
for sensing the stress, temperature, and position inside the human or animal body are shown. Experiments with
pig intestine cells points to the biocompatibility of glass coated microwires.
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1. Introduction

Amorphous glass-coated microwires belong to a family
of materials with outstanding properties [1]. They are
composite materials that consist of metallic core covered
by insulating glass cover (Fig. 1). Very cheap preparation
technique called the Taylor–Ulitovsky method allows to
produce up to few kilometers in a quite short time.

Fig. 1. SEM figure of glass-coated microwire (left).
Domain structure of bistable microwire (right).

As a result of magnetoelastic anisotropy, magnetic do-
main structure consists of large monodomain with ax-
ial magnetization in the centre of the wire which is sur-
rounded by radial domain structure (Fig. 1). Magnetiza-
tion can have only two states +Ms or –Ms and such prop-
erty is also called magnetic bistability. The switching
between these two states of magnetization runs through
domain wall propagation in a single large Barkhausen
jump at the field so-called switching field.

The switching field is very sensitive to many external
parameters like temperature, magnetic field, frequency or
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mechanical stresses, which can be successfully employed
in construction of miniaturized sensors having few advan-
tages in comparison to the currently employed sensors [2].

First of all, the dimension of the wire allows their
implementation inside various materials without chang-
ing their mechanical properties [3]. Additionally, glass-
coating provides insulation from chemically aggressive
environment and provides biocompatibility of glass-
coated microwires.

In the given contribution, we show few examples of ap-
plications of bistable magnetic microwires in civil engi-
neering, electronics and biomedical applications for sens-
ing the stress, temperature and position.

2. Experimental

The switching field is usually measured by induction
method using the coil system similar to that described
in [3]. The system employs two coils: (i) one primary to
produce linearly increasing magnetic field, and (ii) one
pickup coil to detect the switching field. The advantage
of the method is that the switching field is proportional
to the time at which the switching is recorded.

Due to the magnetoelastic anisotropy (which is the
strongest one in case of positive magnetostriction wire)
the switching field is highly sensitive to the stress σ ap-
plied on metallic nucleus of the wire. The switching field
Hsw is proportional to the square root of the applied ten-
sile stresses

Hsw ∼
√
(Aλsσ)/(µ0Ms), (1)

where A is the constant of exchange length, µ0 is the per-
meability of vacuum, Ms is the saturation magnetization
of the metallic nucleus of the wire, λs is saturation mag-
netostriction and stresses σ induced during production
process and from different thermal expansion coefficients
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of glass-coating and metallic core [4, 5]. By this way the
switching field Hsw varies due to change of applied me-
chanical load. According to the Hook law, normal stress
σ is given by equation

σ = Eε, (2)
where E is the Young modulus and ε is strain of mi-
crowires. Stress σ depends on strain of microwires be-
cause the Young modulus is constant. Applying the tri-
angular shape of excitation magnetic field, the switching
field is proportional to the time necessary for switching
of domain wall, which is very easy to measure. Finally,
the strain dependence of the switching field is obtained
showing that the switching time is proportional to the
square root of strain

t ≈ Hsw ≈ ε0.5. (3)

3. Results and discussion

The first application deals with measuring the stress
in the concrete structures. First of all, the size of the mi-
crowire is smaller than the size of sand grains that form
the concrete (inset of Fig. 2). Hence, the microwire does
not play the role of the defect in concrete. The compres-
sive stress dependence of the switching field shows the
decrease due to the compensation of tensile stress ap-
plied on metallic nucleus by glass-coating and follows the
square root law given in Eq. (3) (Fig. 2).

Fig. 2. Compressive stress dependence of the switch-
ing field in block of concrete. Inset shows the mi-
crowire (emphasized by red arrow) embedded inside
the concrete.

Fast magnetization process in bistable microwires
(where the domain wall enhances its velocity over
10 km/s [6]) gives us advantage to sense the stress even in
the case of Fe-based constructions that are magnetic. In
the case of magnetic steel, the magnetization processes
are spread over wide range of magnetic fields, giving a
small induced signal on the pick-up coils. In contrary,
fast magnetization process in bistable microwires induces
sharp maxima that can be clearly recognized. Figure 3
shows the example of induced maxima on the pick-up coil

Fig. 3. Example of the sensing microwire glued on the
steel cable (up). Red arrow shows the maximum in-
duced on the pick-up coils due to switching in microwire.
Dependence of the switching time variation ∆t on the
applied load on steel cable (bottom).

Fig. 4. Temperature dependence of the switching field
in nanocrystalline FeMoBCu microwire.

due to a single domain wall propagation in bistable mi-
crowire (shown by red arrows in the upper part of Fig. 3).
Lower part of the figure shows the switching time varia-
tion dependence on the tensile stress applied on the steel
cable (according to Eq. (3)).

Apart from technical applications of bistable mi-
crowires, Pyrex glass-coating provides excellent biocom-
patibility, which gives advantage of use of microwires in
bio-applications to sense the stress or temperature in hu-
man or animal body. One of the first possible applica-
tions is the use of microwire to sense the temperature
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in titanium implants in order to sense the possible in-
flammation process [7]. In such case, microwires with
high sensitivity in a narrow temperature range (35–45 ◦C)
must be employed. Special nanocrystalline microwires
with low Curie temperature exhibiting superparamag-
netic effect are necessary. Such wires are characterized
by sharp increase of coercivity (switching field in case
of bistable microwire) just below the Curie temperature,
which can reach up to 400% variation in quite narrow
temperature range (Fig. 4). Combining such sensitivity
with the high sensitivity of time measurement in oscillo-
scope, it is possible to reach the sensitivity up to 0.01 ◦C.

Fig. 5. Example of sensing the microwire inside the
rat body. Inset shows the induced signal from the mi-
crowire. Arrow points to the maxima due to single do-
main wall propagation.

Fig. 6. The glass-coated microwires embedded inside
the structure of the pig intestine cells that grew up in
the pabulum containing microwire.

Figure 5 shows the example of the microwire applica-
tion inside the rat body. Clear maxima are induced when
the rat crosses the pick-up coils (see inset of Fig. 5).
The advantage is that the microwire does not influence
the ability to use classical medical treatments like X-
ray or MRI as it does not (or very weakly) influence their

signal [8]. As given above, the glass-coating provides ex-
cellent biocompatibility. Figure 6 shows the microwires
embedded inside the structure of the pig intestine cells
that grew up in the pabulum with the microwire. It is
clear that the microwire has diameter comparable to the
cell size. Hence, it was incorporated inside the cells struc-
ture without producing any defects in their structure.
This fact gives us advantage of employing the microwire
to sense the stress in muscles, bones and similar body
structures.

4. Conclusions

Glass-coated microwires are ideal materials for con-
struction of miniaturized sensors (temperature, stress,
position etc.) that can be embedded inside of vari-
ous structures in engineering or biomedical applications.
Here, we show few examples of microwires applications
in civil engineering for sensing the stress in concrete
or in steel cables. On the other hand, microwires can
be employed as miniaturized sensors of temperature in
biomedicine, where they can be incorporated into the
Ti implants or cell structures to provide information on
stress or temperature of human or animal body.
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