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Domain wall dynamics during the devitrification of Fe;; ;CulNb;Si;; sB;; magnetic microwires
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We have studied the evolution of domain wall dynamics during the devitrification of amorphous and nano-
crystalline Fe,3 sCu;NbsSij; sB1; microwires. Depending on the annealing temperature range, three different
regimes in the domain wall dynamics can be considered for these materials. Annealing below the Curie
temperature, T, of the alloy leads to the stabilization of the domain structure and a strong temperature
dependence of the domain wall dynamic parameters. However, annealing above 7 leads to a destabilization of
domain patterns and a decrease in the domain wall damping in one order of magnitude. Finally, annealing
above the crystallization temperature, 7, leads to the appearance of the nanocrystalline state that is structurally
very stable. In this case, the domain wall velocity is very fast due to the lack of magnetic anisotropy and

extremely stable with the temperature.

DOI: 10.1103/PhysRevB.82.094414

Domain wall dynamics in thin magnetic wires is currently
used in modern spintronic devices to store (race-track
memory, field driven domain wall motion memory) or trans-
fer (domain wall logic, domain wall diode) information.'~*
Generally, the domain wall propagation is forced either by an
electrical current or by an applied magnetic field. However,
the transfer or storage speed of such devices is determined by
the domain wall velocity, which is given mainly by domain
wall damping.

The amorphous glass-coated microwires are ideal materi-
als to study the domain wall dynamics in a thin magnetic
wire.> They are composite materials that consist of metallic
nucleus (1-30 um in diameter) covered by a glass coating
(thickness of 2—20 um).® Due to the lack of magnetocrys-
talline anisotropy, magnetoelastic and magnetostatic
anisotropies are the most important determining the magnetic
properties of amorphous microwires. During their fabrica-
tion, strong elastic stresses are induced in the microwire hav-
ing axial direction in the center and radial direction just be-
low the surface of the metallic nucleus.” As a result, the
domain structure of amorphous microwires with positive
magnetostriction consists of one single axial domain placed
in the center of the wire (Fig. 1) that is surrounded by a
radial domain structure just below the surface.® The peculiar
domain pattern leads to a specific magnetization process that
runs through the depining and subsequent propagation of a
single domain wall (that is already present at the end of the
wire even at H=0 in order to decreasing the stray fields).

The magnetization process consisting of the propagation
of one single domain wall in a large scale of a few centime-
ter, together with the simple production control (composi-
tion, stresses, and anisotropy distribution) and dimensions of
magnetic microwires make them outstanding materials for
domain wall dynamics studies. Some of the most important
previous results show that very fast domain wall motions can
be observed due to the presence of low anisotropy.” In some
cases, it has been observed that the domain wall velocity
even gets over the sound speed in a metallic microwire.!'
When this occurs, the interaction of the domain wall with
phonons leads to the “supersonic boom.”!! This avalanche
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effect can be employed to synchronize the multiple domain
walls propagation in modern spintronic devices.

The advantages of the amorphous microwires, particularly
the low magnetic anisotropy resulting from the lack of mag-
netocrystalline anisotropy, bring about a disadvantage related
to their unstable amorphous structure that modifies the local
anisotropy and leads to changes of all magnetic properties
with time, temperature, etc. Amorphous materials are in a
metastable state, so they can relax even at low temperatures.’

The solution of the above mentioned problem could be
found by introducing a nanocrystalline structure in the me-
tallic nucleus of microwire. Nanocrystalline alloys are com-
posite materials that consist of crystalline grains of ~10 nm
size randomly embedded in the amorphous matrix.!> The to-
tal magnetocrystalline anisotropy is averaged out since the
intrinsic exchange length (~35 nm) is longer than the diam-
eter of the crystalline grain. Moreover, the negative magne-
tostriction of a-FeSi nanocrystallites is balanced by the posi-
tive magnetostriction of the remaining amorphous matrix.
Thus, they exhibit an excellent magnetic softness due to the
almost zero magnetostriction and vanishing crystalline
anisotropy.'?

Typical composition for nanocrystalline materials is based
on the FeSiBNbCu (FINEMET alloy). Since its discovery in
1988,!4 there were a lot of attempts to employ this alloy in
specimens with different geometry.!> The development of
nanocrystalline structure into the metallic nucleus of glass-
covered microwires naturally favors both, the low anisotropy

FIG. 1. Schematic domain structure of glass-coated microwire
with positive magnetostriction.
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needed for fast domain wall, and the high structural stability
characteristic of the nanocrystalline state. In the present work
we deal with the domain wall dynamics during the devitrifi-
cation process of Finemet-based glass coated microwires.

Theory of the domain wall dynamics. Generally, the do-
main wall propagation in real magnetic materials can be de-
scribed similarly to the linear harmonic oscillator under an
external force F(1) in a viscous medium.'® Its time (¢) depen-
dent oscillation is described as

L (1)
M TP g TN

where m is the effective mass of the domain wall, S is the
damping coefficient that characterizes the viscous medium, ¢
is the stiffness coefficient, and x is the displacement of the
domain wall from its equilibrium position. In the case of a
domain wall, the force F is represented by a constant force,
acting on the domain wall due to the applied magnetic field
H and it is expressed as

F=buyMH, 2)

where b is a constant that depends on the domain wall con-
figuration and is equal to 2 for 180° domain wall or 2 for
90° domain wall, w, is the permeability of vacuum and M is
the saturation magnetization.

Assuming the domain wall propagation at constant veloc-
ity (d*x/dt*—0), a linear dependence of the domain wall
velocity v on the applied magnetic field H can be simply
obtained

v=S(H-H,). (3)

Here S is the so-called domain wall mobility and H is the
critical field, below which the domain wall propagation can-
not be observed. Comparing Egs. (1) and (3), it can be
shown that domain wall mobility is inversely proportional to
the domain wall damping parameter

_ b MOM s

Therefore, the most important parameter that controls the
domain wall velocity is the domain wall damping. At the
beginning, the only source of domain wall damping was as-
sumed to arise from eddy currents'’

4piM? 8
Be=MO—Sr0<an+_)’ (5)
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where p(T) is the resistivity and r, and r;, the radii of the
wire and the inner core domain, respectively.

However, the strong wall damping for highly insulated
materials, such as ferrites, cannot be fully explained by the
eddy current damping and another contribution must be
taken into account. Such damping, originated from the mag-
netic relaxation of magnetic moments f3,, is inversely propor-
tional to the domain wall width &, (Ref. 18)
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where « is the so-called Gilbert-damping parameter, vy is the
gyromagnetic ratio, K is the magnetic anisotropy energy den-
sity, being a magnetoelastic one for amorphous microwires,
A the exchange stiffness constant, \,; the magnetostriction,
and o is the mechanical stress.

Anyway, neither eddy currents, nor magnetic relaxation
could explain the observed strong variation with the tem-
perature of domain wall damping for some ferrites and amor-
phous materials. An additional damping coefficient, 3,, was
introduced in® describing the structural relaxation influence
of the mobile defects on atomic scale

Bs = (e N co/ KD G(T, 1), (7)

where 7 is the relaxation time of the defects, g, is the in-
teraction energy of the domain wall with the defects, ¢ is the
defects number, k is Boltzman constant, and G(T,t) is the
so-called relaxation function G(f)=1—-exp(-t/7)."°

Amorphous microwires are in metastable state and they
can relax even at low temperatures. Hence the structural re-
laxation can influence the domain wall damping
significantly>?° through the movement of mobile defects the
atoms appearing in the vicinity of the so-called free volumes
(here the free volumes are the volume fractions with the
volume density lower than the average one?!) that decrease
their interaction energy with local magnetization.

In contrary to previous contributions (eddy current and
magnetic relaxation) to the domain wall damping, the struc-
tural relaxation component can be modified by properly set-
ting the experimental conditions or by thermal treatment.?
During the experiment, three time parameters are important.
(1) 7,—relaxation time due to defects (given by Arrhenius
law: 7,=7) exp(Q/kT), where 7, is the pre-exponential fac-
tor, Q is the activation energy of the defect and k is the
Boltzmann constant!®). (2) t,—time necessary to propagate
the domain wall across the defect (given by the domain wall
width and its velocity). (3) f,—time between two domain
wall propagations [given by the frequency f of the applied
magnetic field H, t,~ 1/f; t,=t in Eq. (7)].

The relative value of 7, with respect to #; and ¢, deter-
mines five thermal ranges for the domain wall propagation.?
(1) Metastable range: 7,>t,>1,. Defects have no time to
relax (they are frozenlike) and they appear in the nonthermo-
dynamical equilibrium. The amplitude of the structural relax-
ation damping is given by the history of the material. If the
material is stabilized, by annealing below the Curie tempera-
ture, 3, is high but if the system is destabilized, by demag-
netization or by heating above the Curie temperature, 3, is
small. Such range corresponds to low temperatures (see
Arrhenius law). (2) Structural relaxation range: 7,~f,>1;.
Defects are able to relax between two domain wall propaga-
tions. This makes g, increase hindering the domain wall
propagation. By properly setting the driving frequency, that
range can be moderated and the structural relaxation damp-
ing B, can be increased or decreased.’* (3) Adiabatic range:
t,> 7.>1t;. The defects system is in thermal equilibrium and
B, reaches a maximum, at a given temperature [see Eq. (7)]

094414-2



DOMAIN WALL DYNAMICS DURING THE...

but the defect cannot follow the propagating domain wall.
(4) Diffusion-damped range: f, >t~ 7,. In this regime, the
time that it takes for the domain wall to cross a single defect
is comparable to its relaxation time. The defect relaxes dur-
ing the domain wall propagation thus decreasing the domain
wall speed. By increasing the applied field amplitude, the
domain wall velocity rises until #; <7, when the domain
wall is able to depin from the defect and goes into the adia-
batic regime.?> (5) Isothermal range: t,>¢,> 7,. Although
the whole system relaxes between two domain wall propaga-
tions, the relaxation time of defects is short and they are able
to follow rapidly the domain wall during its propagation. [
is small and the domain wall velocity increases. Such regime
corresponds to high temperatures.

I. EXPERIMENT

The Finemet microwires with nominal composition
Fe;; 5CuiNbsSiy; sBy; having a metallic nucleus of 10 um
diameter and a glass coating with a diameter of 28 um, were
cut into 9 cm long pieces. Samples were annealed in a fur-
nace, for 1 h in an Argon atmosphere. The annealings were
performed at temperatures of 473, 673, and 823 K. Domain
wall motion measurements were made using the Sixtus-
Tonks experiment.’ The setup consists of three coaxial coils,
a primary coil (10 cm long and 8 mm in diameter) and two
pickup coils (3 mm long and 0.5 mm inner diameter each)
symmetrically placed inside that are separated by a distance
of 6 cm between them and connected in series opposition.
The magnetizing coil was driven by a 10 Hz frequency
square wave that creates a homogeneous field along the wire.
Two sharp peaks are picked up with an oscilloscope when
the propagating wall passing across the two sensing coils.
The domain wall velocity can be calculated from v=L/At,
where L is the distance between pickup coils and At is the
time interval between the two peaks happen. The system is
placed inside a specially designed cryostat system enabling
the measurement in the temperature range from 77 to 380 K.
More experimental details can be found elsewhere.'?

Magnetization measurements as a function of temperature
were performed by a superconducting quantum interference
device magnetometer with 1 cm long samples in 1T applied
magnetic field, high enough to saturate the magnetization of
the samples. Hysteresis loops were measured at different
temperatures in the same magnetometer for applied fields up
to2 T.

II. RESULTS

The domain wall dynamics of as-cast amorphous FeSiB-
NbCu microwires has been studied previously.?® The domain
wall mobility was quite high and very fast domain wall ve-
locities have been achieved (2000 m/s). Two regions in the
domain wall dynamics have been observed with different
domain wall structure: transversal and vortex one. However,
the domain wall damping varies strongly with the tempera-
ture. The amorphous alloys are in a metastable state. Hence
they can relax even at low temperatures, which also modify
the parameters of the domain wall dynamics. Here, we study
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the effect of the thermal treatment on the domain wall dy-
namics in order to stabilize it. Before starting, we must ex-
plain some peculiarities arising from the thermal treatment of
glass-coated microwires. First, the glass coating introduces
additional stresses on the metallic nucleus. Such stresses,
o,(T), are caused by the different thermal expansion coeffi-
cient of metallic nucleus, «,,, and glass coating, a,, and are
proportional to the temperature change AT (Ref. 27)

0,(T) = E(ay — e, )AT, (8)

where E is the Young modulus. As a consequence, although
the stresses could relax at higher temperature during the heat
treatment, when cooling the sample down to room tempera-
ture new stresses are introduced.

Another peculiarity comes up from the annealing tem-
perature. Annealing the sample below its Curie temperature,
around 330 °C for Finemet microwire,?® the magnetic an-
nealing could lead to the induction of a local magnetic
anisotropy.'??° Annealing above the Curie temperature leads
to the rearrangement of the locally induced magnetic aniso-
tropy. While annealing above the Crystallization tempera-
ture, T,, a complete change in the microwire structure is
achieved. Therefore we divide our results into three main
groups.

A. Annealing at 473 K for 1 h (below T¢)

The annealing below the Curie temperature of the alloy
usually leads to a strong induced anisotropy in amorphous
microwires. During such annealing, the existing domain pat-
tern is stabilized. As a consequence, due to the decrease in
the domain wall mobility the initial susceptibility
diminishes®® and a higher critical field must be applied to
remove the domain wall from their equilibrium position.3!
The largest effect of such stabilization is typically observed
at around 473 K.

The domain wall dynamics of one FeSiBNbCu microwire
heat treated at 473 K is shown in Fig. 2(a). As in almost all
cases in microwires,>>? the domain wall velocity v is found
to be exactly proportional to the applied field H according to
Eq. (3). Thus, these microwires are ideal materials for do-
main wall dynamics studies. However, some peculiarities are
found in that dynamics. First, the domain wall velocity de-
creases with measuring temperature, which is quite contro-
versial in comparison with previous results.>3 Typically, the
magnetic moments freedom increases with the temperature
due to their thermal activation and so does the domain wall
velocity. Furthermore, the domain wall velocity is mainly
driven by two parameters: the domain wall mobility S, which
is inversely proportional to the domain wall damping 8 and
the critical propagation field, H,. Although the domain wall
mobility S decreases at low temperature, the domain wall
velocity remains high due to the large and negative critical
propagation field.

The negative value of the critical propagation field H,, still
remains as a controversial parameter in the domain wall dy-
namics. Theoretically, the critical propagation field should be
proportional to the pinning strength,'-!® therefore it should be
always positive. However, negative critical propagation field
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FIG. 2. (a) Domain wall dynamics of FeSiBNbCu microwire annealed at 473 K for 1h, with the measuring temperature as a parameter.
(b) Temperature dependence of domain wall damping and critical propagation field for the FeSiBNbCu microwire annealed at 473 K for 1h.
(c) Temperature dependence of saturation (M,) and remanent (M,) magnetization for the FeSiBNbCu microwire annealed at 473 K for 1h.
(d) Hysteresis loops measured at 10 and 300 K for the FeSiBNbCu microwire annealed at 473 K for 1h.

values have been previously measured in magnetic
microwires>-2 and also in ferrites,>* and the reason for such
a phenomenon was postulated to be a dramatic change in the
domain wall structure before it can begin to move.>* In fact,
the domain wall dynamics does not remain in the viscous
regime below the lowest applied field and changes its field
dependence from a linear to a power law.?

As opposite to the domain wall velocity, the wall mobility
S increases with the temperature. According to the Eq. (4),
the wall mobility is mainly driven by the domain wall damp-
ing because the saturation magnetization decreasing with
temperature in the measured temperature range, [see Fig.
2(c)]. As shown in Fig. 2(b), the domain wall damping
strongly increases at low temperature and reaches even nega-
tive values at around 78 K. Taking into account that the
domain wall dynamics is similar to the dislocation dynamics
in real crystals’ and in shape memory alloys,* or the dy-
namics of tectonic plates,’ etc., the negative value of the
domain wall damping is always an interesting effect. It indi-
cates that the higher the force acting on the domain wall is,
the slower the domain wall propagation is.

Negative domain wall mobility has been already predicted
by Walker®® and measured in different magnetic wires.> It
can appear at large applied fields, above the so-called Walker
limit, when the domain wall propagation is not in the viscous

regime anymore. Instead of that, something like a turbulent
propagation of the domain wall appears. The field value, at
which the Walker limit takes place, is called Walker field and
depends on the anisotropy (axial or transversal) present in
the sample. However, the negative domain wall mobility
here present could be ascribed to the diffusion-damped do-
main wall propagation. As was shown in,?*? it results from
the structural relaxation contribution to the domain wall
damping after annealing below 7, and can be overcome by
increasing the driving frequency, decreasing the time for the
defects relaxation.

As mentioned above, the annealing below 7 has two
effects. First, the domain structure is stabilized through the
locally induced magnetic anisotropy. However, when the
sample is cooled down to the room temperature, other
stresses are applied by the glass coating as given by Eq. (8).
Such stresses, axial and/or radial, affect the stabilized do-
main pattern. Some idea about the domain structure can be
obtained from the temperature dependence of saturation M,
and remanent M, magnetization along the microwire axis
[Fig. 2(c)]. Assuming the domain structure of microwire as
given in Fig. 1, the saturation magnetization M, is propor-
tional to the contribution of magnetic moments in the whole
volume of the metallic nucleus of the microwire whereas the
remanent magnetization M, is proportional to contribution of
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FIG. 3. (a) Domain wall dynamics of FeSiBNbCu microwire annealed at 673 K for 1h, with the measuring temperature as a parameter.
(b) Temperature dependence of domain wall damping and critical propagation field for the FeSiBNbCu microwire annealed at 673 K for 1h.
(c) Temperature dependence of saturation (M,) and remanent (M,) magnetization for the FeSiBNbCu microwire annealed at 673 K for 1h.
(d) Hysteresis loops measured at 10 and 300 K for the FeSiBNbCu microwire annealed at 673 K for 1h.

magnetic moments located in the volume of single axially
magnetized domain in the core of the wire. The difference
between them corresponds to the contribution of magnetic
moments located in the shell (radial domain structure). It can
be seen that the volume of the axially magnetized domain
remains constant in the temperature range from 250 to 400
K. However, as the temperature is decreased below 250 K
the radial stress distribution is favored, which is confirmed
by an increase in thickness of the radial domain structure.
This is also confirmed by measuring the hysteresis loops
[Fig. 2(d)]. Applied fields higher than 10 kA/m become nec-
essary in order to saturate the microwire. The relative vol-
ume of the radial structure increases over 25% of the whole
metallic nucleus at 10 K, in comparison with 300 K when it
only occupies 20% [see inset in Fig. 2(d)]. Moreover, higher
fields are necessary to saturate the microwire at 10 K because
of the higher radial anisotropy.

Anyway, it is clear from comparison between Figs. 2(b)
and 2(c) that the increase in domain wall damping at low
temperature is related to induced stresses, which also modify
the domain structure.

B. Annealing at 673 K for 1 h (above T¢ and below T,)

Annealing above T has a few effects on the structure of
FeSiBNbCu microwires. Such a temperature is high enough
to release the stresses induced during the fabrication proce-
dure, leading to an anisotropy homogenization of the mate-
rial and consequently, the coercivity decreases.?® The domain
structure disappears above the Curie temperature, hence the
local defects will be randomly distributed making the do-
main structure destabilized. It is manifested by very small
pinning field.>' However, the FeSiBNbCu microwire still re-
mains in amorphous state, therefore its structural relaxation
occurs even at low tf:mperatures.29

Thus, the domain wall dynamics is similar to the corre-
sponding one in the as-cast microwire. The domain wall ve-
locity increases with the temperature and so does the domain
wall mobility [Fig. 3(a)].

Second, the annealing at such high temperature leads to
the stress relief and homogenization of the structure. In fact,
annealing at 673 K leads to a maximum decrease in the
switching field in amorphous Finemet microwire*® and the
domain wall velocity increases comparing to that of the mi-
crowire annealed at 473 K.
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However, additional stresses are induced on the metallic
nucleus by glass coating due to their different thermal expan-
sion coefficient when the microwire is cooled down to room
temperature [see Eq. (8)].

In this case, the domain wall damping is around one order
of magnitude lower than that after annealing at 473 K and
decreases with temperature [Fig. 3(b)]. It could be ascribed
to the lower local anisotropy due to the random redistribution
of the defects after annealing at temperature above 7. More-
over, the decrease in the domain wall damping due to the
diminishing of the mobile defects concentration ¢, given by
Eq. (7) should be also taken into account as has been already
found for FeSiB microwires annealed at 673 K.??

While the critical propagation field remains negative [Fig.
3(b)], its amplitude is about one order of magnitude lower
than the value for the microwire annealed at 473 K, probably
due to the higher stress relaxation.

The most important parameters controlling the domain
wall dynamics, according to Egs. (6) and (8), are the distri-
bution and strength of induced stresses on the metallic
nucleus by the glass coating. One can see from Fig. 3(c) that
the domain structure remains constant in the temperature
range between 175 and 375 K. Below this range, the radial
domain structure in the shell increases in volume [Fig. 3(c)].
The annealing temperature at 673 K is high enough (in com-
parison with the one at 473 K) to relax significantly the
stresses induced during the microwire fabrication. Hence, the
effect of the stresses induced by glass coating when the tem-
perature cools down to RT is stronger. This is also confirmed
by measuring the hysteresis loops at the relevant tempera-
tures [Fig. 3(d)]. The microwire reaches the saturation mag-
netization state for an applied field value of 5 kA/m at 300 K
but higher magnetic field values above 10 kA/m must be
applied at 10 K to saturate the sample. However, although
the variation in the axial core domain volume is higher than
for the microwire annealed at 473 K, the temperature depen-
dence of the domain wall damping together with the varia-
tion in the critical propagation field are not as so high that in
the case of the microwire annealed below T. This points out
the fact that the locally induced magnetic anisotropy through
the structural relaxation [Eq. (7)] is the dominant factor in
determining the domain wall velocity at least in amorphous
materials, which allows the existence of structural relaxation
even at low temperatures.'®3! The annealing at 673 K sig-
nificantly reduces the mobile defect concentration ¢ [given
in Eq. (7)] with respect to annealing process at lower
temperature.31 Therefore, the effect of structural relaxation
on the domain wall dynamics is weaker than in the case of
annealing at 473 K.

C. Annealing at 823 K for 1 h (above T,)

The fastest domain wall value of 1000 m/s has been found
for the microwire annealed at 823 K. The annealing treat-
ment at 823 K leads to the development of the nanocrystal-
line microstructure that consists of a-FeSi grains randomly
distributed into an amorphous matrix.® The nanocrystalline
structure in the material has some advantages. First, the ran-
dom orientation of the nanocrystalline grains are
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interexchange-coupled averaging out the magnetocrystalline
anisotropy since their diameter is much smaller than the ex-
change correlation length.'> Moreover, the crystalline a-FeSi
grains have a negative magnetostriction coefficient in con-
trary to the positive one of the amorphous matrix. Thus, the
effective magnetostriction of nanocrystalline FeSiBNbCu
microwire is nearly zero and a negligible role in the mag-
netic properties is played on the nanocrystallized material by
the magnetoelastic anisotropy. Therefore, a large magnetic
susceptibility and very low-switching field are characteristic
properties of nanocrystalline material.*!

As a consequence of the low anisotropy, the domain wall
velocity reaches a high value above 1000 m/s for rather low
applied magnetic field of 1000 A/m [Fig. 4(a)]. The highest
domain wall velocity measured in thin crystalline ferromag-
netic wires was about 1500 m/s in a FeNi microwire, al-
though it was reached for a much larger applied magnetic
field of around 4000 A/m.*> Moreover, the low anisotropy
results in a small domain wall damping value less than
2.5 kgm=2s7! that does not change significantly with the
temperature because of the stable crystalline structure devel-
oped in the material [Fig. 4(b)]. Vanishing magnetocrystal-
line and magnetoelastic anisotropies are confirmed also by
magnetization measurements [Fig. 4(c)]. The single-domain
structure (given in Fig. 1) is confirmed only in the tempera-
ture range from 250 to 325 K. Outside this range, the single-
domain structure is destroyed, which is confirmed not only
by the sharp decrease in the remanent magnetization [Fig.
4(c)] but hysteresis loops measurement [Fig. 4(d)]. Besides,
the shape anisotropy strongly influences the domain structure
of nanocrystalline FeSiBNbCu microwires. It must be
pointed out that 1 cm long samples were used for magneti-
zation measurement whereas 10 cm long samples were em-
ployed for domain wall damping measurements that clearly
show magnetic bistability (i.e., single-domain structure). The
critical length, to observe the magnetic bistability, given by
domain wall structure shown in Fig. 1, is typically on the
order of a few mm for highly magnetostrictive microwires.*
For low-magnetostriction nanocrystalline FINEMET micro-
wires, a length of sample of around 1 cm is not enough for
the magnetic bistability occurs.

Due to the vanishing values of both magnetocrystalline
and magnetoelastic anisotropies, the most important param-
eter governing the domain wall damping arises from the
eddy current. Nanocrystalline microwires have much lower
resistivity comparing to the amorphous ones.** Thus, the
small decreasing of the domain wall damping with the tem-
perature can be ascribed to the temperature dependence of
the resistivity in nanocrystalline FeSiBNbCu microwires.

Although the domain wall damping slightly changes with
temperature, the domain wall velocity increases due to the
temperature dependence of the critical propagation field H,,
which also remains negative in the nanocrystalline state.
However, its amplitude is one order of magnitude lower than
that the value obtained after annealing at 673 K, and two
orders of magnitude lower than that the corresponding one
after annealing at 473 K.

III. CONCLUSIONS

To conclude, we have studied the effect of devitrification
on the domain wall dynamics in amorphous and nanocrystal-
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FIG. 4. (a) Domain wall dynamics of FeSiBNbCu microwire annealed at 823 K for 1h, with measuring temperature as a parameter. (b)
Temperature dependence of domain wall damping and critical propagation field for the FeSiBNbCu microwire annealed at 823 K for 1h. (c)
Temperature dependence of saturation (M) and remanent (M,) magnetization for the FeSiBNbCu microwire annealed at 823 K for 1h. (d)
Hysteresis loops measured at 10 and 300 K for FeSiBNbCu microwire annealed at 8§23 K for 1h.

line FeSiBNbCu glass-coated microwires. The domain wall
dynamics in amorphous microwires is strongly dependent on
temperature reflecting the change in magnetoelastic interac-
tion and local rearrangement of their amorphous structure.

Annealing below the Curie temperature of the alloy leads
to the stabilization of the domain structure resulting in a
relatively slow domain wall motion. The domain wall damp-
ing decreases with temperature and was found to be negative
for the lowest temperatures.

Annealing above the Curie temperature leads to the relax-
ation of the stresses and destabilization of the domain wall
structure. As a consequence, the domain wall damping de-
creases by one order of magnitude. However, it remains tem-
perature dependent due to its sensibility to the stress applied
by a glass-coating when cooling down.

Annealing above the crystallization temperature leads to
the formation of a stable nanocrystalline microstructure with
vanishing magnetocrystalline as well as negligibly magneto-
elastic anisotropy. Hence, the domain wall damping is

mainly driven by the eddy current contribution that changes
slightly with temperature. This results in a very stable do-
main wall dynamics with almost constant and low domain
wall damping together with a quite fast domain wall dis-
placement. Domain wall velocities of around 1000 m/s are
among the highest observed in crystalline wires, however,
they were obtained at much lower applied field values of
1000 A/m.
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