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The in�uence of the magnetic �eld annealing on the magnetoimpedance e�ect has been investigated in
rapidly quenched (Fe0.5Ni0.5)78Nb7B15 monolayer and bilayer thin ribbons. The highest impedance ratio value
(∆Z/Z)max = 72% and the maximum �eld sensitivity ηmax = 12 %/Oe was obtained in the bilayer ribbon, an-
nealed under longitudinal magnetic �eld at 773 K that exhibited nanocrystalline structure. The higher values of
(∆Z/Z)max in bilayer ribbons, as compared to their monolayer counterparts, are attributed to the increased ratio
of their thickness to the penetration depth.
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1. Introduction

The giant magnetoimpedance e�ect (GMI) is attract-
ing a great deal of scienti�c and technological interest
because of its applications for magnetic �eld, current, or
stress sensors [1]. GMI sensors provide several advan-
tages; mainly they have high sensitivity, high thermal
stability as well as small dimensions. Among the most
frequently used GMI materials are Fe- and Co-based
amorphous and nanocrystalline alloys [2]. An appropri-
ate annealing of Fe-based amorphous ribbons, which is
connected with improved magnetic softness, leads to the
increase of the GMI [1]. This work deals with the exper-
imental study of the in�uence of longitudinal as well as
transversal magnetic �eld annealing on the GMI e�ect
in (Fe0.5Ni0.5)78Nb7B15 in the form of monolayer and bi-
layer ribbons.

2. Experimental

The amorphous monolayer ribbons were prepared by
the conventional planar �ow casting method. In the case
of the bilayers, a single crucible with two nozzles close to
each other and with a partition between them, forming
two separate vessels, was used [3]. Such an arrangement
has allowed us to obtain ribbons with two layers of the
same composition, one on top of the other, along the
whole ribbon length. The thickness of monolayer and bi-
layer (Fe0.5Ni0.5)78Nb7B15 ribbons was determined to be
25 µm and 37 µm, respectively. Pieces of 60 mm long and
6 mm wide of as - quenched ribbons were isothermally
annealed at temperatures 673 K or 773 K for 1 hour, lead-
ing to thermally relaxed amorphous or nanocrystalline
state. During the annealing, longitudinal (LF) as well
as transversal (TF) magnetic �eld was applied with in-
tensity of 40 kA/m or 640 kA/m, respectively. Refer-
ence samples were annealed in zero magnetic �eld (ZF).

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

GMI measurements were performed by Impedance ana-
lyzer Agilent 4294A over a frequency range 0.1�10 MHz.
The relative change of the impedance Z with applied

�eld H was calculated as:

∆Z/Z = [(Z(H) − Z(Hmax))/Z(Hmax)] × 100%, (1)

where Hmax is the maximum �eld used (10 kA/m in our
case). GMI sensitivity is de�ned as the derivative of the
GMI ratio with respect to the external DC magnetic �eld:

η = d(∆Z/Z)/dH. (2)

The GMI data was supplemented by di�erential scanning
calorimetry (DSC), transmission electron microscopy
(TEM) as well as by magnetization and hysteresis loop
measurements.

3. Results and discussion

The DSC calorimetry con�rmed the onset of primary
and secondary crystallization at temperatures 736 K and
877 K, respectively. The changes in microstructure upon
annealing were examined by TEM. The samples annealed
at 673 K remained fully amorphous. On the other hand,
the annealing at 773 K resulted in formation of the
nanocrystalline FeNi grains embedded in amorphous ma-
trix with typical dimensions being 5�10 nm.
The Curie temperature of the amorphous

(Fe0.5Ni0.5)78Nb7B15 alloy determined from tem-
perature dependence of the magnetization was found
to be around 493 K. The e�ect of thermal processing
under external magnetic �eld was examined by the
hysteresis loop measurements. Heat treatment under
LF-conditions resulted for all samples in a marked reduc-
tion of the coercivity as compared to ZF-annealing. The
lowest coercivity value was found for the LF-annealed,
thermally relaxed amorphous sample, where HC reached
∼ 0.7 A/m. Sheared loops with good �eld linearity were
achieved after TF - annealing similarly as in [4, 5].
Figure 1 shows that the GMI characteristics exhibit

single or double peak structure depending on the orien-
tation of external magnetic �eld applied during the heat
treatment. The position of peaks at GMI curve corre-
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Fig. 1. Field dependence of magnetoimpedance ratio
for amorphous (Fe0.5Ni0.5)78Nb7B15 bilayer annealed at
673 K.

Fig. 2. Field dependence of magnetoimpedance ratio
for amorphous (Fe0.5Ni0.5)78Nb7B15 after LF-annealing
at 673 K.

sponds to an e�ective magnetic anisotropy �eld, induced
during the �eld annealing [1]. In the case of TF-annealed
samples, a clear double peak GMI response is visible in
the inset of Fig. 1. Here, two maxima are observed at
the positions where the external dc magnetic �eld, ap-
plied in the longitudinal direction, reaches the transverse
anisotropy �eld, ±Hk. On the other hand, longitudinal
magnetic anisotropy induced by LF-annealing, leads to
single peak behaviour of the magnetoimpedance, in ac-
cordance with [6].
Figure 2 shows the measured ∆Z/Z(H) dependences

for mono and bilayer ribbons after �eld annealing at
673 K in longitudinal magnetic �eld. The comparison
of these two curves demonstrates that the bilayer rib-
bons in thermally relaxed amorphous state exhibit higher
values of GMI ratio. The di�erence between the magne-
toimpedance ratio values of monolayer and bilayer is even

more pronounced after LF-annealing at 773 K. Anneal-
ing at this temperature leads to a transformation of sam-
ple from amorphous to nanocrystalline state. The max-
imum impedance ratio (∆Z/Z)max for nanocrystalline
bilayer reaches 72% and maximum �eld sensitivity ηmax

is 12 %/Oe. These values are much higher than those
for the monolayer, where (∆Z/Z)max is 45% and ηmax

is 8 %/Oe. The higher (∆Z/Z)max values for thicker
bilayers can be explained by the increased ratio of the
thickness to the penetration depth, as compared to their
thinner monolayer counterparts [1].

Fig. 3. Field dependence of magnetoimpedance ra-
tio for nanocrystalline (Fe0.5Ni0.5)78Nb7B15 after LF-
annealing at 773 K.

4. Conclusions

It was shown that magnetic �eld annealing can be used
for tuning of GMI characteristics of (Fe0.5Ni0.5)78Nb7B15

monolayer and bilayer ribbons. Bilayers provide higher
magnetoimpedance ratio values as compared to their
monolayer counterparts.
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