27th Soft Magnetic Materials Conference, Torino 2025

Tailoring of magnetic softness and Giant
Magnetoimpedance effect in amorphous
microwires

Arcady Zhukov®?? Paula Corté-Leon®”“¢, Alvaro Gonzalez®®, Mohamed Salaheldeen®”“? and Valentina
Zhukova

a@ Dept. Polym. Adv. Mater, University of Basque Country, UPV/EHU, San Sebastian, Spain.® Dept. Appl. Phys. I, EIG,
University Basque Country, UPV/EHU, 20018, San Sebastian, Spain. “EHU Quantum Center, University of Basque
Country, UPV/EHU, 20018, San Sebastian, Spain. @ Dept. Mater. Science & Metallurgy, University of Cambridge, Cambridge
CB3 OFS, UK, ¢IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain

We provide our latest attempt on optimization of the magnetic softness and Giant Magnetoimpedance, GMI, effect in glass-
coated magnetic microwires by appropriate annealing. After conventional annealing, a transformation of a linear hysteresis
loop into a rectangular one with a higher coercivity, H., is observed. A remarkable GMI ratio improvement up to 735% is
observed after annealing of Co-rich microwires at appropriate conditions. The stress-annealing allows preventing magnetic
hardening. Properly stress-annealed samples present almost unhysteretic loops with coercivity about 2 A/m and magnetic
anisotropy field about 35A/m. Observed magnetic softening and GMI ratio improvement have been discussed considering
the internal stresses relaxation, induced magnetic anisotropy and a change in the magnetostriction coefficient sign and values

with increasing of annealing temperature
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1. Introduction

Studies of amorphous microwires have attracted attention
due to their unique properties such as their magnetic softness
and magnetic bistability, giant magnetoimpedance (GMI)
effect, as well as good mechanical properties and high
corrosion resistance [1,2].The fabrication technique allows the
preparation of amorphous microwires with diameters from 100
nm to 100 um [1]. The main interest in the GMI effect is
associated with its giant sensitivity to the applied magnetic
field, H: a change in impedance, Z, over 600 % under applied
magnetic field about 800 A/m was experimentally observed [1].
The efficiency of sensors and devices using the GMI effect
critically depends on the GMI ratio value. Consequently, we
provide our latest attempts on optimization of the magnetic
softness and GMI effect in Co-rich glass-coated magnetic
microwires

2. Results and discussion

We studied the effect of annealing (at temperatures, 7o, up
to 350 °C) on the hysteresis loops and GMI ratio, AZ/Z, of Co-
rich glass-coated microwire prepared using Taylor-Ulitovsky
method. Using X-ray diffraction we observed that all prepared
microwires are amorphous. Low and negative magnetostriction
coefficients, A, of as-prepared microwires (between -0.9 x 10
and -0.3 x 10% are obtained using the small-angle
magnetization rotation method. In Co7,FesB13Si;; as-prepared
microwire with metallic nucleus diameter, d, about 40 pm and
total diameter 45 pm rather soft magnetic properties:
coercivity, H., about 20 A/m and magnetic anisotropy field, H,
about 170 A/m (see Fig.1a). After annealing we observed that
the main change of the hysteresis loops consists of a decrease
in Hy —value up to Hy =75 A/m, while the H. remains almost
unchanged (H. =24 A/m, see Figs 1a). High GMI ratio (AZ/Z

~400 %) is observed in as-prepared sample. A remarkable GMI
ratio improvement up to above 700% is observed after
annealing at appropriate conditions (see Fig.1b).

In thinner CogooFe; ¢NiiB125S111Mo; sC; 2 microwire with d
~ 19.8 um a transformation of the linear hysteresis loop into a
rectangular and elevated H. (about 100 A/m) are observed upon
annealing (Fig. 1c). Such magnetic hardening can be
suppressed using stress-annealing: after stress-annealing
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Figure 1. Hysteresis loops of as-prepared and annealed at different Zunm
Co7n2FesB13Sin (a) and Coe92Fes 6NiiBi125SiiiMo15Ci2 (¢) microwires (),
effect of annealing on AZ/Z(H) dependencies of Co7FesB13Sini (b) and
Cos9.2Fes 6Ni1B12.5Si11Mo1.5C1.2 (d) microwires.

smaller H. (H. =15 A/m for T,,, =300 °C and H, =2 A/m for
Twn =350 °C) is observed. Although thinner
Cogy2Fes sNiiB12.5Si;1Mo; sCi 2 microwire presents lower GMI
ratio (about 100%), after stress annealing a substantial increase
in GMI ratio is observed (Fig.1d). After annealing, a change in
4s from low negative to low positive values is observed in both
studied microwires. The observed change in the hysteresis loop
shape, 4, -value and sign and in 4Z/Z - value and magnetic field
dependence upon annealing must be attributed to the internal
stresses relaxation and modification in the magnetostriction
coefficient sign and values.
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