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Amorphous bilayers consisting of Fe-Si-B and Co-Si-B layers have been prepared by planar �ow casting from
a single crucible using a double-nozzle technique. Temperature dependencies of magnetization and hysteresis
loops have been investigated in a wide temperature range. At room temperature, the e�ects of interlayer stresses,
induced in material due to di�erent thermal expansion coe�cients of two mechanically interconnected soft magnetic
layers, resulted in rounded hysteresis loops with �attened central part, indicating a dominant role of magnetization
rotational processes. With an increase of measurement temperature, the interlayer stresses are relieved and the
hysteresis loops became more squared.
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1. Introduction

Rapidly solidi�ed amorphous and/or nanocrystalline
bilayer ribbons, consisting of ferromagnetic phases with
di�erent magnetic and/or magnetoelastic properties, are
subject of continuing interest for both physicists and
technologists, due to their potential utilization in sen-
sors and actuators [1]. In order to optimize the magnetic
performance of these systems it is important to deepen
the knowledge about the in�uence of composition and
processing techniques, that can be used to tailor their
properties.
The aim of this work is focused on the high tempera-

ture magnetic behavior of Fe77.5Si7.5B15/Co72.5Si12.5B15

amorphous bilayer. This bilayer system is composed of
two ferromagnetic layers with markedly di�erent thermal
expansion coe�cients and magnetostriction values [2].

2. Experimental

Rapidly quenched bilayer ribbon consisting of layers of
Fe77.5Si7.5B15 (air side) and Co72.5Si12.5B15 (wheel side)
have been prepared by planar �ow casting from a single
crucible using the double-nozzle technique [3]. Ribbons
with typical thickness of 45-50 microns and a width of
6 mm exhibited coiling along longitudinal direction. The
amorphous structure of both layers in as-quenched state
was con�rmed by X-ray di�raction (XRD) and transmis-
sion electron microscopy (TEM) [4]. For the sake of com-
parison, we have prepared the individual monolayer rib-
bons with the same composition as the constituent alloys
in bilayer by using single-nozzle casting.

∗corresponding author; e-mail: capik@saske.sk

Magnetic properties of prepared amorphous ribbons
were characterized by a home-made low �eld vibrating
sample magnetometer and by commercial VSM magne-
tometer (EV9, MicroSense). The M(T ) dependencies of
magnetization were measured in temperature range 293-
1073 K under applied �eld of 80 kA/m, by using a con-
stant heating rate of 10 K/min. The hysteresis loops
were measured between 300 and 700 K with a step of
T = 50 K.

Fig. 1. Experimental M(T ) curves for the bilayer and
the mono-layer samples as well as the calculated mag-
netization of the model bilayer sample obtained using
the proportions 0.48/0.52 of the individual Fe-Si-B and
Co-Si-B monolayers, respectively.

3. Results and discussion

Figure 1 shows the temperature dependences of mag-
netization for the bilayer and monolayer ribbons. We
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can see that the values of Curie temperature (Tc) and
crystallization temperature (Tx) of constituting alloys in
bilayer composite are practically the same as compared
to their monolayer counterparts. The Tc values of the
Co-Si-B and Fe-Si-B layers were determined to be 435
and 702 K, while their Tx values were estimated to be
861 and 808 K, respectively. The good agreement be-
tween the experimental M(T ) curve for bilayer ribbon
and the model magnetization curve, calculated using the
weighted magnetizations (the optimum ratio of the indi-
vidual Fe-Si-B and Co-Si-B monolayers was 0.48/0.52),
clearly shows that the overall magnetization of bilayer
composite can be approximated as a simple linear com-
bination of the two constituent alloys.

Fig. 2. Hysteresis loops for the bilayer and monolayer
samples taken at room temperature.

Figure 2 shows that the hysteresis loop of bilayer rib-
bon at room temperature is no longer a weighted average
of the two individual alloys, indicating that the magne-
tization process of the bilayer composite is markedly dif-
ferent from its monolayer counterparts. The observed
di�erence is attributed to the presence of strong inter-
layer stresses, which are induced in material due to dif-
ferent thermal expansion of two mechanically solid con-
nected individual layers. The measurements of thermal
variation of dilatation for monolayer ribbons revealed
that amorphous Co-Si-B exhibits stronger dilatation with
temperature as compared to Fe-Si-B [2]. Thus upon the
cooling of the prepared bilayer ribbon from high tem-
peratures, the Co-based layer will have a tendency to
shrink more, as compared to the Fe-based layer. As a
consequence, the Co-Si-B layer will impose a compres-
sive stress on the Fe-Si-B layer, and vice versa, the Fe-
Si-B layer (with smaller thermal expansion coe�cient)
will impose a tensile stresses on its Co-Si-B counter-
part. Therefore, the preferred orientation of magnetic
moments in the tensile stressed Co-Si-B layer with nega-
tive magnetostriction (λs ∼ −2.6× 10−6) and also in the
compressed Fe-Si-B layer with positive magnetostriction
(λs ∼ 32 × 10−6) will be in transverse direction to the

ribbon length. Hence, the dominant magnetization pro-
cess in Fe77.5Si7.5B15/Co72.5Si12.5B15 amorphous bilayer
is magnetization rotation, which makes the reaching of
saturation magnetization more di�cult as compared to
unstrained monolayers. This scenario is supported by
the measurements of hysteresis loop at high tempera-
tures, which are depicted in Fig. 3. Here, the interlayer
stresses relieve with the increase of measurement tem-
perature and the hysteresis loops become more squared,
indicating that predominant magnetization processes are
connected with the domain wall movement.

Fig. 3. Hysteresis loops of bilayer ribbon measured at
di�erent temperatures.

4. Conclusions

The magnetization and magnetic reversal processes in
the Fe-Si-B/Co-Si-B bilayer system were investigated in
a wide temperature range. We have shown that magnetic
reversal process in such bilayer is strongly in�uenced by
interlayer stresses, which are induced in material due
to di�erent thermal expansion of two mechanically solid
connected individual layers.
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