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We studied the magnetization switching in magnetically bistable amorphous ferromagnetic microwires. We
observed quite fast domain wall propagation along the microwires and a correlation between the magnetoelastic
anisotropy, distribution of the local nucleation field along the length of microwire and the domain wall dynamics.
We observed that both DW velocity and the range of fields, limiting single DW dynamics, can be manipulated
by internal or applied stresses and by annealing. We also observed that under certain conditions a controllable
domain wall (DW) collision can be realized in different parts of the wire, and that it is possible to manipulate the

DW dynamics in a field-driven regime.
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1. Introduction

Studies of fast and controllable domain wall (DW)
propagation in thin magnetic wires attracted consider-
able attention due to promising applications in micro-
and nanotechnology [1, 2]. From the point of view of
applications the speed of controllable DW propagation is
one of the most relevant parameters [2].

In the case of cylindrical microwires, exhibiting sponta-
neous magnetic bistability, the DW speed above 1 km/s
has been reported [2-4]. Therefore studies of DW dy-
namics in amorphous glass-coated microwires are quite
important for understanding of the origin of fast DW
propagation and ways to enhance the DW velocity in
other materials.

Last attempts to study the micromagnetic origin of the
head-to-head DW in microwires showed that this DW is
rather thick and has complex structure [3, 4]. The char-
acteristic width of the head-to-head DW, §, depends on
many factors, such as applied magnetic field, H, mag-
netic anisotropy constant, K, and the wire diameter,
d [4].

The Taylor-Ulitovky method involves simultaneous
rapid quenching of metallic nucleus inside the glass coat-
ing. Considerable difference of the thermal expansion co-
efficients of the glass and the metal, results in appearance
of considerable internal stresses [5, 6]. Both the applied
and the internal stresses considerably affect soft magnetic
properties of amorphous materials [7]. Consequently, in
the absence of magnetocrystalline anisotropy the magne-
toelastic anisotropy is the main factor, determining the
magnetic properties of glass-coated microwires and the
DW propagation [8, 9].

One the other hand, fabrication technique involves
metallurgical processes at elevated temperatures under
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the electromagnetic field of inductor affecting the alloy
ingot [10]. Recently we showed that the microwires’s in-
homogeneities sufficiently affect the remagnetization pro-
cess of magnetically bistable microwires, limiting single
DW propagation regime as well as the domain wall prop-
agation velocity, v [11, 12]. The origin of the defects is
still unclear.

Various attempts to manipulate DW motion through
the pinning at artificially created defects in thin mag-
netic wires have been reported [13, 14]. It was reported
recently on the successful braking and trapping of DWs in
microwires under the influence of an additional antipar-
allel local magnetic field [15] and on collisions between
two moving DWs in a magnetic nanowire, driven by an
externally applied field [16]. In the latter case the DW
can be controlled to allow for both domain wall annihila-
tion and preservation during the collisions as long as the
wire remains thin.

In this paper, we demonstrate the possibility to ma-
nipulate the DW dynamics in magnetic microwires by
tailoring the magnetoelastic anisotropy, controlling the
defects and by controlled DW collision.

2. Experimental method

We prepared a few amorphous Fe-Co-Ni based glass-
coated microwires with positive magnetostriction con-
stant, with different ratio of metallic nucleus diameter
and the total diameter, D, i.e. with different ratios
p = d/D, and with different composition of metallic nu-
cleus [10]. This allowed us to control residual stresses,
since the strength of internal stresses is determined by
ratio p [10], and to change the magnetostriction constant
[17, 18].

The technique allowing measurement of the DW ve-
locity in thin wires is well described elsewhere [2, 12]. In
our experiment we placed one end of the sample outside
of the magnetization solenoid, in order to always activate
the DW propagation from the other end of the wire. We
have used three pick-up coils, mounted along the length
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of the wire. The propagating DW induces electromotive
force (emf) in the coils, as described in Ref. 12. These
sharp emf peaks are picked up at an oscilloscope upon
passing of the propagating domain wall.

Then, DW velocity is estimated as

l
V= -——, 1
A (1)
where [ is the distance between pick-up coils and At is
the time difference between the maximum in the induced

emf.
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Fig. 1. Hysteresis loops of Fe7oB15Si10Cs amorphous
microwires with different p-ratios: p = 0.63, d =
15 pm (a); p = 048, d = 10.8 um (b) and of
Fer2.75Co02.25B155i19 microwire with p = 0.14, d =
1.4 pm (c).

We used simple measurement method based on the
classical Sixtus-Tonks-like experiments [12], allowing ap-
plication of tensile stresses when measuring the DW dy-
namics in microwires.

For determination of the nucleation field profile we
used the method described in [11].

Hysteresis loops have been measured using vibrating
sample magnetometer (VSM) and fluxmetric technique
described elsewhere [10].

3. Experimental results and discussion

The magnetoelastic energy, K,,., is given by
Kome & 3/2)40, (2)

where 0 = 0;+0, — total stress, o; — the internal stresses,
o, — applied stresses and Ay — magnetostriction con-
stant [10].

Hysteresis loops of Fe-rich microwires present consid-
erable dependence on the p-ratio (Fig. 1). To confirm
magnetoelastic origin of the observed changes of hystere-
sis we have measured the effect of applied stresses, o,
on switching field, H,, defined as the field at which the
large Barkhausen jump starts. At low magnetic field am-
plitudes and frequencies the H, is almost the same as
coercivity, Hc. However the switching field H; is usually
almost independent on magnetic field amplitude, Hy and
frequency, f [19]. The difference between H and H. was
attributed to the DW dynamics, i.e. the time of domain-
wall propagation through the entire wire [19]. Therefore
use of H, for studying of stress dependence of hysteresis
loops is more rigorous.
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Fig. 2. Effect of applied stresses on switching field of
Fe70B15S110Cs amorphous microwires with different p-
ratios: p = 0.63, d =15 ym and p = 0.48, d = 10.8 um.

We observed considerable and monotonic growth of
H, with o, (Fig. 2). Consequently from comparison of
Figs. 1 and 2 we can conclude that the internal stresses
in glass-coated microwires have mostly tensile character
(as also shown in previous papers [5, 6]), and that the
strength of internal stresses increases with decreasing p-
ratio. It is worth mentioning, that the observed stress
dependence of Hj is similar to one, previously observed
for microwires with similar compositions [20]. However,
the presented here H;(o,) dependences have been ob-
tained considering stress distribution between the metal-
lic nucleus and glass coating, i.e. considering composite
character of microwires, as has been described in Ref. 21.

Figure 3 shows the distribution of the local nucle-
ation fields H, along the sample length, L, measured
in Fe74B13Si11Co microwire, as described above. As we
can observe from Fig. 3, the nucleation field near wire
ends is considerably smaller. This difference between the
nucleation field near the sample ends and the body of the
microwire is responsible for the onset of large Barkhausen



Fast Magnetization Switching in Amorphous Microwires 9

—~
£
5600 .
L)
Q
U=
C 300+
9
-—
®
o ////’
g 04 Hn =170 A/m
Z T ¥ T
50 100
Sample length (mm)
Fig. 3. Distribution of the local nucleation fields, mea-

sured in amorphous Fe74B13Si11C2 microwire (d =
19.4 pm, p = 0.73).

jump, in turn responsible for the rectangular character of
hysteresis loop. Additionally this difference determines
the limits of single DW propagation regime, as reported
recently by us [8]. On the other hand, the observed deep
pits on H,, (L) curves must be attributed to the positions
of localized defects existing within the microwire, as also
has been previously reported [11, 12].
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Fig. 4. wv(H) dependence measured in amorphous
Fe74B13Si11C2 microwire (d = 19.4 um; p = 0.73).

In Fig. 4 we observe the dependence of DW velocity,
v, on applied magnetic field, H, measured in the same
sample.

The abrupt jump on the dependence of DW velocity
on magnetic field must be attributed to the nucleation of
additional DW on sample inhomogeneities, since the field
of the jump correlates well with the minimum nucleation
field observed in Fig. 3.

Below the jump on v(H) dependence we observed a
linear increase of DW velocity, v, with H, as previously
observed in most of cases for Fe-rich microwires [12]. The
origin of observed inhomogeneities is unclear and at least

partially can be related with the distribution of inter-
nal stresses along the microwire. A conventional way of
stress release is the heat treatment. Consequently we
performed sample annealing and measured v(H) depen-
dences in the as-prepared microwire and the microwire
after heat treatments (see Fig. 5). We observed, that
annealing of the Fer4B135i;1Co microwire, performed at
300 °C for 60 min, considerably affects v(H ) dependence:
DW velocity measured at the same magnetic field con-
siderably increases, the range of fields where linear v(H)
dependence takes place is extended and DW mobility, S,
increased from 4.02 to 4.65 m?A~1s~1 (Fig. 5).
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Fig. 5. Effect of annealing on the v(H) dependence of

Fe74B13Si11C2 microwire (d = 14.6 um, p = 0.55).

The observed influence of sample annealing on DW dy-
namics can be interpreted, considering that the observed
inhomogeneities, at least partially, have magnetoelastic
origin. In this way, sample annealing partially releases
the stresses, related with simultaneous solidification of
metallic nucleus inside the glass coating during the mi-
crowire casting.
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Fig. 6. wv(H) dependences for Fe74B13Si11C2 microwire

(d =~ 14.6 pm, D ~ 21.8 ym, p ~ 0.55 ), measured under
application of stress, o,.
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Applied stress considerably affected the v(H) depen-
dence (Fig. 6). This confirms that the magnetoelastic
anisotropy considerably affects DW dynamics and over-
all remagnetization process of glass-coated ferromagnetic
microwires.
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Fig. 7. U(H) dependences for the Fe550023B11Agsi1041

microwires with different ratios p.

In order to evaluate the effect of p-ratio, i.e. the
effect of residual stresses on DW dynamics, we per-
formed measurements of v(H) dependences in the mi-
crowires with the same composition, but with different
p-ratios. Dependences of DW velocity on applied field
for Fes5Co093B11.85i19.1 microwires with different ratios
are shown in Fig. 7.

Consequently, by manipulation of the magnetoelastic
energy through application of tensile stress, by changing
the magnetostriction constant and the internal stresses
in studied microwires we have significantly affected the
DW dynamics in magnetically bistable microwires.

The application of the bias magnetic field, Hp at an
angle of ® ~ 85° with respect to the wire axis can acti-
vate the propagation of the DW from the end of the wire
located outside the solenoid.

As can be appreciated from Figs. 8(a, b), by changing
value of Hy, (and consequently the axial H}, projection)
we can activate in a controllable way the DW propaga-
tion from the opposite end of the sample and induce a
DW collision at various locations in the sample. If this
collision takes place in the vicinity of a pick-up coil we
will observe an increase of the voltage peak amplitude.
Consequently we are able to engineer the DW collisions
between two moving DWs in different places of the mag-
netic microwire by controlling the applied bias field.

4. Conclusions

We have experimentally observed that manipulating
the magnetoelastic energy through application of tensile
stress, changing the magnetostriction constant and in-
ternal stresses in studied microwires we significantly af-
fected the domain wall dynamics in magnetically bistable
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Fig. 8. Voltage peaks, induced by the propagating DW
in the 3 pick-up coils in Fe74B13Si11C2 (d ~ 14.6 pym,
D = 21.8 pm, p = 0.67) microwires measured at H =
140 A/m with different values of bias magnetic field, Hy,
and its axial projection Hy,.

microwires. Strong correlation between the type of the
v(H) dependence and the distribution of the local nucle-
ation fields has been observed.

Under certain experimental conditions it is possible to
manipulate the DW dynamics in a magnetic wire in a
field-driven regime and observe controllable DW colli-
sions. This controllable DW collision can be realized in
different parts of the wire. Such DW collisions can be
used to release the pinned domain walls using weak ex-
ternal fields.
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