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Magnetoelastic Anisotropy in Glass-Coated Microwires
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A small-angle magnetization rotation (SAMR) experiment carried out on a single piece of glass-coated mi-
crowire is presented. The specific conditions of this experiment are discussed. The cylindrical shape of the microwire
with small cross-sectional area means that a transverse AC magnetic field of relatively high frequency created by
an electric current flowing through the microwire has to be used. It is shown that this experiment provides
an opportunity to determine magnetoelastic anisotropy and corresponding axial mechanical stress in the metallic
core of the wire. The difference in thermal expansion coefficients between the glass coating and the metallic core
causes the magnetoelastic anisotropy field to increase with decreasing temperature. This behaviour, as well as
the effect of stress relaxation by annealing, are demonstrated in this experiment based on the SAMR method.
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1. Introduction

Cylindrical ferromagnetic amorphous wires form
a group of modern magnetic materials which due to their
unique magnetic properties [1–4] attract attention for po-
tential sensor applications [5, 6]. Glass-coated microwires
are a special sub-group of these materials. They are pre-
pared using the Taylor-Ulitovski technique [7]. In order
to obtain an amorphous state in their metal core, both
glass coating and metal core are rapidly cooled in the pro-
cess of preparation. The difference in thermal expansion
coefficients of the glass coating and metallic core results
in strong tensile mechanical stress [2, 8] in the metal core
in the as-quenched state [3]. Tensile stress combined with
positive magnetostriction means that strong magnetoe-
lastic anisotropy with axial easy axis is induced. The mi-
crowires with positive magnetostriction typically have
a rectangular hysteresis loop, and they exhibit so-called
bi-stable behaviour. Magnetization reversal starts with
the depinning of a single domain wall from the closure
domain structure at the microwire ends [1–4, 8]. These
microwires also provide an opportunity to study the dy-
namics of a single domain wall between axial domains
propagating along the microwire. All these processes can
be strongly influenced by the magnitude of magnetoelas-
tic anisotropy. Knowledge of the field of this anisotropy
could provide useful parameters for interpretation of
magnetization reversal in this type of microwire.

The small-angle magnetization rotation (SAMR)
method is usually used to measure the saturation mag-
netostriction in amorphous ferromagnetic ribbons [9].
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From the changes in the field of magnetoelasic anisotropy
caused by the applied tensile stress the saturation mag-
netostriction is determined. As already mentioned above
the conditions in this experiment are very similar to
the situation in a glass-coated microwire prepared by
rapid quenching from the melt [10, 11]. In this paper
the results obtained using the SAMR method for
the study of glass-coated microwire are reported.

2. Experimental

In the original experiment [9] the experimental set-up
consisted of three coils, two magnetizing coils, and one
pick-up coil. One magnetizing coil is coaxial with
the pick-up coil, and its role is to saturate the sam-
ple magnetically (ribbon in the original experiment)
by means of a DC field. AC current of small ampli-
tude flows through the second coil, and it creates an AC
field perpendicular to the DC one (in the ribbon plane
in the original experiment). If f is the frequency of
the AC field, then voltage with frequency 2f is induced in
the pick-up coil. Using the calculations presented in [9],
it is possible to express this voltage as

ε2f =
1

2
zSµ0MsωA

2
1 sin (2ωt) , (1)

where ω = 2πf , z is the number of turns in the pick-up
coil, S is sample cross-section area, Ms is the saturation
magnetization, and

A1 =
HAC0

(HDC +Hσ +Hs)
, (2)

where HAC0 is the amplitude of the perpendicular AC
field, HDC is the applied DC field, and Hs is the field
of shape anisotropy. Finally Hσ = 3λsσ

µ0Ms
is the field of

magnetoelastic anisotropy, where σ is tensile stresss, and
λs is saturation magnetostriction.
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In comparison with experiments performed on ribbons,
there are some important differences which have to be
taken into account when considering a similar experiment
using cylindrical microwire. The radius of microwires is
typically small (about 10 µm or even less), which means
that the cross-sectional area of the microwire, and as well
as the amplitude of the measured signal are correspond-
ingly small. The situation can be improved if an AC
field of higher frequency is used. On the other hand,
the shape anisotropy (transverse demagnetizing factor)
is high for cylindrical samples so it is difficult to create
an AC field with high enough amplitude using an exter-
nal coil. It is even more difficult if a high-frequency field
is needed. This problem can be solved if, instead of exter-
nal coils, the AC field is created by alternating current
flowing through the microwire itself [11]. In this case,
the field of shape anisotropy in (2) can be neglected.

As mentioned above, the sensitivity of the experiment
can be improved if a higher-frequency AC field is used.
The limit for increasing the AC field frequency can be
deduced from the relation between the microwire radius
and skin effect depth. A rough estimation of skin effect
depth δ can be made if we substitute the expression for
circular susceptibility [12]

χϕ =
Ms

HDC +Hσ
(3)

into formula

δ =

√
1

2πf

2ρ

µ0 (1 + χϕ)
, (4)

where ρ is wire resistivity, and µ0 is permeability of free
space.

For the parameters of the microwire used in our ex-
periment, i.e., µ0Ms = 1.55 T, ρ = 1.3 × 10−6 Ω m,
the ratio of skin depth over wire radius for five frequen-
cies is shown in Fig.1. As can be seen, for axial fields
higher than 2 kA/m the skin depth at all frequencies is
more than three times larger than the wire radius.

Fig. 1. Ratio of skin depth over wire radius Rw as a
function of axial field for five frequencies.

Fig. 2. Experimental set-up.

The experimental set-up used in our experiment is
shown in Fig. 2. It consists of a magnetizing coil and
a thin (diameter 0.5 mm), long (5 cm) pick-up coil with
1840 turns. Thin copper leads were attached to the mi-
crowire ends with silver paint so that, using a function
generator, AC current with amplitude of a few mA could
flow through the microwire. Voltage with frequency 2f
induced in the pick-up coil was measured using a lock-
in amplifier. For measurements at temperatures below
room temperature the set-up described in [3, 8] was used.
A small modification of this set-up allowed measurements
at temperatures slightly above room temperature to be
taken.

A glass coated Fe77.5Si15B7.5 microwire with total di-
ameter of 30 µm and metal core with diameter of 15 µm
was used in our experiment. We present the results of
measurements on an as-quenched sample and on a sam-
ple annealed twice at the temperature of 350 ◦C. The first
annealing lasted two hours, and the sample was cooled
slowly (approximately two degrees per minute) to room
temperature. The second annealing lasted one hour,
and then the sample was removed from the furnace, so
the cooling to room temperature was much faster.

2. Results and discussion

In the SAMR experiment, the frequency of induced
voltage ε2f in the pick-up coils is two times higher
than the transverse AC field frequency, and it is mea-
sured as a function of the applied axial field. A sum-
mary of this type of experimental dependence measured
on the same piece of microwire is shown in Fig. 3.
If the basic conditions of the experiment (axial satura-
tion of the sample, small angle of magnetization rota-
tion) are fulfilled, the dependence of the inverse value
of the square root of the amplitude of induced volt-
age ε2f should be a linear function of the applied ax-
ial field (see (1)). This type of experimental dependence
is summarized in Fig. 4, and in fact, the linearity of
these dependencies is very good. As mentioned above,
the field of shape anisotropy (see (2)) can be neglected
in our experiment. From the parameters of the linear
dependencies fitted to the experimental data in Fig. 4
the magnitude of anisotropy fieldsHσ can be determined.
For glass-coated amorphous microwires with positive
magnetostriction it is predominantly a magnetoelastic
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Fig. 3. Influence of annealing and temperature on
the induced voltage ε2f versus applied axial field de-
pendencies.

Fig. 4. Influence of annealing and temperature on
1/

√
ε2f versus applied axial field dependencies.

anisotropy field which is produced by interaction between
the glass coating and ferromagnetic core of the microwire.
Using the value of Hσ, parameters of the microwire
(λs = 3 × 10−5) and the formula for the field of mag-
netoelastic anisotropy (see comment to (2)), and the ax-
ial mechanical stress in the microwire can be calculated.
The values are summarized in Fig. 5.

The interaction between the glass coating and fer-
romagnetic core is mainly determined by the different
thermal expansion coefficients of these parts of the mi-
crowire. The thermal expansion coefficient of the metal
core is larger than that of the glass coating. This means
that decreasing temperature results in increasing axial
mechanical stress in the ferromagnetic part of the mi-
crowire. This effect can be seen in Fig. 5 for the mi-
crowire after the first annealing. The annealing combined
with slow cooling results in a significant reduction in

Fig. 5. Axial mechanical stress in the as-quenched mi-
crowire and after the first and the second annealings at
different temperatures.

mechanical interaction between the two parts of the mi-
crowire. The second annealing caused only a slight de-
crease in the stress. It seems therefore that rapid cooling
has no observable effect.

3. Conclusions

The specific condition of the SAMR experiment when
it is carried out on a single piece of microwire is dis-
cussed. The cylindrical shape with small cross-sectional
area of the microwire is the reason why some modifica-
tions of the standard SAMR experiment are necessary.
A transverse AC magnetic field is created by the elec-
tric current flowing through the microwire. Due to
the low magnitude of the measured signal, AC current
of higher frequency (hundreds of kHz) has to be used.
It is shown that this experiment provides an opportu-
nity to determine the magnetoelastic anisotropy and cor-
responding axial mechanical stress in the metallic core
of the microwire. Interaction between the metallic core
and the glass coating is the mechanism predominantly
responsible for the observed changes in axial mechanical
stress caused by annealing, and also the changes in axial
mechanical stress at different temperatures.
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