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We studied magnetic properties and GMI e�ect of Finemet-type FeCuNbSiB microwires. We observed that
GMI e�ect and magnetic softness of microwires produced by the Taylor-Ulitovski technique, can be tailored by
either controlling magnetoelastic anisotropy of as-prepared FeCuNbSiB microwires or controlling their structure
by heat treatment or changing the fabrication conditions. GMI e�ect has been observed in as-prepared Fe-rich
microwires with nanocrystalline structure.
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1. Introduction

Studies of glass coated ferromagnetic microwires (typ-
ically of 5-30 µm in diameter) have attracted growing at-
tention in the last few years, owing to their outstanding
soft magnetic properties (magnetic bistability, enhanced
magnetic softness, GMI e�ect) [1, 2]. Optimization of
soft magnetic properties and GMI e�ect of amorphous
glass coated microwires is possible by choosing the appro-
priate chemical composition of metallic nucleus and ade-
quate annealing conditions [1]. In some cases, nanocrys-
tallization allows achieving good magnetic softness and
enhanced GMI e�ect. Such soft magnetic character is re-
lated with vanishing magnetocrystalline anisotropy and
the very small magnetostriction value, when the grain
size approaches 10 nm [3].
In this paper we studied correlation of magnetic prop-

erties, GMI e�ect and structure of Finemet-type mi-
crowires.

2. Experimental details

We studied Finemet-type Fe70.8Cu1Nb3.1Si14.5B10.6,
Fe71.8Cu1Nb3.1Si15B9.1, and Fe73.8Cu1Nb3.1Si13B9.1

glass-coated microwires with di�erent metallic nucleus
diameter, d, and total microwire diameter, D, produced
by Taylor-Ulitovsky method [1�3]. The strength of
internal stresses is determined by ratio ρ = d/D [4].
Controllable change of the ρ-ratio allowed us to tailor the
residual stresses. Hysteresis loops have been obtained
by �ux-metric method, as described elsewhere [1, 2].
We measured magnetic �eld dependences of the GMI

ratio, ∆Z/Z, for as-prepared samples and samples after
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the heat treatments, at frequencies, f , up to 2 GHz, using
vector network analyzer as described elsewhere [1].
Structure and phase composition have been checked us-

ing a BRUKER (D8 Advance) X-ray di�ractometer with
Cu Kα (λ = 1.54 Å) radiation.

3. Results and discussion

All as-prepared and even annealed Finemet-type mi-
crowires (with annealing temperature, Tann, below �rst
crystallization process), present squared hysteresis loops
similar to Fe-rich amorphous microwires. (Fig. 1). As
expected from previous studies of Fe-rich amorphous mi-
crowires [1], the coercivity, HC , of as-prepared Finemet-
type microwires depends on ratio ρ = d/D (Fig. 2).

Fig. 1. Hysteresis loops of as-prepared and annealed
Fe70.8Cu1Nb3.1Si14.5B10.6 microwires with ρ = d/D =
0.38.

The dependence of coercivity of
Fe71.8Cu1Nb3.1Si15B9.1 microwires on the annealing
temperature, shown in Fig. 3a, presents considerable
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Fig. 2. Coercivity dependence on the ρ-ratio for as-
prepared Fe70.8Cu1Nb3.1Si14.5B10.6 microwires.

Fig. 3. Annealing temperature dependence of coer-
civity of Fe71.8Cu1Nb3.1Si15B9.1 microwires with dif-
ferent ρ-ratios (a) and ∆Z/Z(H) dependences of
Fe73.8Cu1Nb3.1Si13B9.1 microwires (d = 20.3 µm, ρ =
0.71), measured in as-prepared and annealed at 673 K
samples (b).

magnetic softening at annealing temperatures, Tann, be-
tween 800 and 900 K, as was previously observed in other
Finemet-type materials and Finemet-type microwires [1,
3, 4]. The increase of the GMI e�ect (Fig. 3b), observed
after annealing of Fe73.8Cu1Nb3.1Si13B9.1 microwires,
must be related with stress relaxation (con�rmed by the
decrease of coercivity after annealing, shown in Fig 3a).

Fig. 4. X-ray di�raction patterns of as-prepared
Fe73.8Cu1Nb3.1Si13B9.1 (ρ = 0.6) (a) and
Fe70.8Cu1Nb3.1Si14.5B10.6 (ρ = 0.49) (b) microwires
and GMI e�ect in the same samples (c, d).

Particularly in the as-prepared Fe73.8Cu1Nb3.1Si13B9.1

microwires we observed existence of α-Fe nanocrystallites
with average grain size about 12 nm (Fig. 4a). The av-
erage grain size has been estimated from the width of
the crystalline peak, using the Debye-Scherrer equation.
For comparison the X-ray di�raction pattern of com-
pletely amorphous as-prepared Fe70.8Cu1Nb3.1Si14.5B10.6

microwire is shown in Fig. 4b. In as-prepared
Fe73.8Cu1Nb3.1Si13B9.1 microwires we observed consid-
erable GMI e�ect (up to ∆Z/Z ≈ 35% at f = 600 MHz,
see Fig. 4c). The observed considerable GMI e�ect
in the as-prepared Fe73.8Cu1Nb3.1Si13B9.1 microwires
is much higher than that of Fe70.8Cu1Nb3.1Si14.5B10.6.
This di�erence must be attributed to amorphous struc-
ture of Fe70.8Cu1Nb3.1Si14.5B10.6 and nanocrystalline
structure, and consequently lower magnetostriction, of
Fe73.8Cu1Nb3.1Si13B9.1 microwires.
Consequently, although GMI e�ect in as-prepared

amorphous Fe-rich microwires is rather small, in the
as-prepared Fe73.8Cu1Nb3.1Si13B9.1 with nanocrystalline
structure we observed the enhanced GMI e�ect (Figs. 4c).
Enhancement of the ∆Z/Z ratio in as-prepared nanocrys-
talline microwires and after their annealing might be re-
lated with magnetic softening of studied microwires af-
ter annealing, related with reduction of magnetostriction
and relaxation of internal stress.

4. Conclusions

We observed magnetic softening and considerable GMI
e�ect in Finemet-type FeCuNbSiB with nanocrystalline
structure. Magnetoelastic anisotropy a�ects soft mag-
netic properties and the GMI e�ect of FeCuNbSiB mi-
crowires.
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