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In this work we studied inuence of time and temperature of stress annealing on magnetic properties of
amorphous Co-based and CoFeNi-based microwires. We showed that this type of treatment can be very eective
for manipulation of magnetic properties of amorphous ferromagnetic glass-coated microwires. Co-based microwires
keep S-shape hysteresis loop after any annealing. Annealing of Co-based microwires at dierent conditions allows
tailoring of the saturation eld. CoFeNi-based microwires present either S-shape or rectangular shape of the
hysteresis loops depending on the value of the axial stress during the annealing. We demonstrated the possibility
to change the switching eld of microwires with acquired bistability in the range from 0.5 to 25 A/m.
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2. Experimental details

1. Introduction

Amorphous ferromagnetic glass coated microwires are

We investigated glass-coated microwires of three dif-

one of the perspective objects for creation on their basis

ferent compositions of metallic nucleus (one of them was

of the coding system, giant magnetoimpedance (GMI)

produced from Co-based alloy and two of them  from

sensors

applica-

CoNiFe-based alloys) prepared by the TaylorUlitovsky

Dierence of applications depends on mi-

technique (also called in some publications as the draw-

and

tion [1, 2].

elements

for

magnetic

on their micromag-

ing and quenching technique) described elsewhere [14]

Micromagnetic structure of such

(see Table). Diameters of metallic nucleus and total di-

crowires magnetic properties, i.e.
netic structure [3, 4].

memory

microwires is dened by the distribution and value of the

ameters of glass-coated microwires also were dierent.

mechanical stresses inside the microwire and by the saturation magnetostriction coecient [1, 3, 4].

TABLE

Magnetic

The parameters of investigated microwires.

properties of microwire depend on sign of saturation magnetostriction coecient: hysteresis loop is magnetically

Composition
of the metallic nucleus
Co68.6 B14.8 Si10 Mn6.6
Co68.7 Fe4 Ni1 B13 Si11 Mo2.3
Fe3.85 Co67.05 Ni1.44 B11.53 Si14.47 Mo1.66

bistable for microwires with positive saturation magnetostriction constant and has S-shape for microwires with
negative saturation magnetostriction constant of metallic
nucleus.
For successful implementation of microwires in such
devices it is very important to nd the ways to control

d
D

the magnetic properties of amorphous microwires. It can
be realized by changing the microwires parameters (com-

d [µm]

D [µm]

16.2
17.0
22.2

21.2
23.6
24.2

 diameter of the metallic nucleus;
 total diameter of microwire in glass shell

Hysteresis loop of as-prepared and annealed microwires

position, diameter of metallic nucleus and thickness of
glass shell) and by changing treatment conditions (tem-

were measured by the induction method [9].

perature, annealing and etc.) [58].

crowires were annealed under applied tensile stresses and

The mi-

In this work we showed the possibility to manipulate

without applying of any stress at temperatures of 300,

the magnetic properties of amorphous ferromagnetic mi-

350 and 400 C for 5 and 60 min. Range of applied ten-

crowires by annealing under applied stress and investi-

sile stresses varied from 100 to 300 MPa. After annealing

gated inuence of temperature and time of annealing.

the magnetic properties of microwires were studied again.

◦

All samples (as-prepared and annealed microwires)
have amorphous structure of metallic core [6, 10].
3. Results and discussion

Before annealing all samples had S-shape hysteresis
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loop (Fig. 1) typical for negative magnetostriction compositions. As we observed, annealing leads to signicant
changing of the magnetic properties.
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teresis loops of annealed microwires present magnetically
bistable character (see Fig. 3).

Hysteresis loops of the

◦

◦

samples annealed at temperatures of 300 C and 350 C
for 5 min without any stress and under applied stresses
of 125 and 250 MPa are presented in Fig. 3.

We can

see that increase of the annealing temperature results
in increase of the switching eld,

Fig. 1. Hysteresis loops of as-prepared microwires.
Composition:

(a) Co B Si Mn ,(b) Co Fe Ni B Si Mo ,
(c) Fe Co Ni B Si Mo .
68.6

3.85

14.8

10

67.05

1.44

6.6

11.53

68.7

14.47

4

1

13

11

Hs ,

of microwires an-

nealed without any stress: switching eld of the sample
2.3

1.66

◦

annealed at 300 C is 3 times lower than for the sample

◦

annealed at 350 C (Fig. 3a).

Stress annealed samples

present dierent behavior. After stress annealing under
lower applied stress (150 MPa) we observed slight decrease of the switching eld with increase of the annealing temperature (Fig. 3b). With increase of the applied
stress (at the same

Tann )

decrease of the Hs is more ap-

◦

preciated: switching eld of sample annealed at 300 C
is 3 times larger than switching eld of sample annealed

◦

at 350 C (Fig. 3c). Therefore, enhancement of applied
stresses contributes to decrease of the switching eld with
increase of annealing temperature.

Fig. 2. Hysteresis loops for Co68.6 B14.8 Si10 Mn6.6 microwires, annealed at temperatures of 300◦ , 350◦ and
400 ◦C for 60 minutes (a) without any stress, (b) under
stress of 150 MPa, (c) under stress of 300 MPa.
Co-based microwires were annealed for 60 min at temperatures,

Tann ,

◦

of 300, 350 and 400 C under applied

stresses up to 300 MPa and without any stresses. Hysteresis loops of annealed samples are shown in Fig. 2.
In

the

case

of

conventional

annealing

(without

any

stresses) we observed considerable increase of coercivity
at

Tann = 300 ◦C

(Fig. 2a).

Coercive eld is 40 A/m.

Further increase of annealing temperature gave rise to
decrease of coercivity and observation of nonhysteretic
behaviour at

Tann = 400 ◦C.

Besides, saturation eld of

annealed microwires decreases from 190 A/m to 60 A/m

Tann

◦

Fig. 3. Hysteresis loops for Co68.7 Fe4 Ni1 B13 Si11 Mo2.3
microwires annealed at 300◦ and 350 ◦C for 5 minutes
(a) without any stress, (b) under stress of 125 MPa and
(c) under stress of 250 MPa.
We can observe also signicant dierences of the hys-

After stress

teresis loops for the stress annealed microwires and an-

annealing (applied stress of 150 MPa) we observed in-

nealed without any stress with increase of the annealing

crease of saturation eld as-compared with as-prepared

time (Fig. 4). Switching eld of the microwire annealed

microwires: from 100 A/m  for as-prepared microwire

for 60 min is considerable larger as-compared with the

up to 420 A/m and 250 A/m  for samples annealed

microwire annealed for 5 min (by 5 times), but applying

with increase of

◦

◦

from 300 to 400 C.

Increase of the an-

of stress of 250 MPa leads to sharp decrease of switching

nealing temperature leads to decrease of saturation eld

eld for microwires annealed for 60 min  it is 2 times

 the same situation as for annealing without applied

lower than the switching eld of the sample annealed

stresses.

for 5 min.

at 300 C and 350 C, respectively.

Applying larger stresses  300 MPa  leads

to further increase of saturation eld (510 A/m), but in

Hysteresis

of

Fe3.85 Co67.05 Ni1.44 B11.53 Si14.47 Mo1.66

this case changing of the temperature does not aect the

microwires are also strongly aected by the annealing

magnetic properties.

conditions (see Fig. 5). Those microwires annealed with-

Annealing

of

Co68.7 Fe4 Ni1 B13 Si11 Mo2.3

microwires

out stresses became magnetically bistable (Fig. 5a) and

leads to drastic changes of magnetic properties: all hys-

hysteresis loops of microwires annealed at 300 and 350 C

◦
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4. Conclusions

We investigated the possibility to control the magnetic
properties of amorphous ferromagnetic microwires by the
stress annealing. We demonstrated that annealing conditions drastically aect the magnetic properties. We observed that Co-based microwires keep S-shaped hysteresis
loop after annealing under applied stresses and without
any stresses. Magnetic anisotropy elds of Co-based mi-

Fig. 4. Hysteresis loops for Co68.7 Fe4 Ni1 B13 Si11 Mo2.3
microwires, annealed at temperature of 300 ◦C for 5 and
60 minutes (a) without any stress, (b) under stress of
250 MPa.
look very similar. But we can appreciate sharp change
of magnetic properties after annealing at

Tann = 400 ◦C:

switching eld decreases by 10 times from 5 to 0.5 A/m.

crowires are varied from 60 to 510 A/m. Depending on
annealing conditions either rectangular or S-shaped hysteresis loop can be obtained in CoNiFe-based microwires.
Microwires with acquired bistability showed very wide
range of switching eld  from 0.5 to 25 A/m. We also
found that change of the annealing time results in change
of switching eld up to 5 times for microwires with acquired bistability.
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