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Abstract 
 

We studied influence of post-processing (annealing and stress-annealing) on domain 

wall dynamics in Fe-, Ni- and Co- based magnetic microwires with spontaneous and induced 

magnetic bistability. As-prepared Co-based microwires with low and negative 

magnetostriction present linear hysteresis loops. Magnetic bistability in Co-based microwires 

has been induced by annealing. Minimizing magnetoelastic anisotropy either by adjusting the 

chemical composition with a low magnetostriction coefficient or by heat treatment is an 

appropriate route for the domain wall dynamics optimization in magnetic microwires. Stress-

annealing allows further improvement of domain wall velocity and hence is a promising 

method allowing optimization of the DW dynamics in magnetic microwires. The beneficial 

influence of stress-annealing on the DW dynamics is explained considering an increase in the 

volume of outer domain shell with transverse magnetization orientation in expense of 

decrease in the radius of the inner axially magnetized core. Such transverse magnetic 

anisotropy can affect the DW dynamics in similar way as the applied transverse magnetic 

field and hence is beneficial for the DW dynamics optimization. Thus, stress-annealing 

allows designing the magnetic anisotropy distribution more favorable for the DW dynamics 

improvement. Co-rich microwires with magnetic bistability induced by annealing present a 

considerable enhancement in the DW velocity upon applied tensile stress: exactly the 

opposite to the case of magnetic microwires with spontaneous magnetic bistability. Observed 

dependence has been explained considering decrease in the magnetostriction coefficient 

under effect of the applied stress.  

Keywords: Magnetic microwires, domain wall propagation, magnetic anisotropy, 
magnetostriction, annealing, internal stresses. 
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1. Introduction 
 

 

Development of magnetic sensors is essentially influenced by technological progress in 

the field of magnetic materials [1-3]. Indeed, the features of magnetic sensors are determined 

by selection of appropriate magnetic material. A significant portion of magnetic sensors use 

soft magnetic materials [3]. 

 One of the most promising families of soft magnetic materials with a number of 

advantages, such as excellent magnetic softness, fast and inexpensive manufacturing process, 

dimensionality suitable for various sensor applications, and good mechanical properties, is a 

family of amorphous and nanocrystalline materials obtained using rapid quenching from the 

melt. [4-6]. 

Such advanced functional magnetic properties have been reported in amorphous 

materials with either planar (ribbons) or cylindrical (wires) geometry [4-6]. However, each 

family of amorphous materials presents specific features making them suitable for rather 

different applications. Thus, planar (ribbon-shaped) materials with low magnetic losses and 

high saturation magnetization values are good applications in transformers [4]. On the other 

hand, amorphous wires can present quite peculiar magnetic properties, like spontaneous 

magnetic bistability associated with single and large Barkhausen jump [7-9] or giant 

magnetoimpedance, GMI, effect [10-13]. Although it is worth mentioning that in fact, large 

Barkhausen and GMI effect can be observed either in crystalline wires [14,15] as well as in 

properly heat treated amorphous ribbons  [16,17].  

However, high GMI effect and extremely fast single domain wall, DW, propagation can 

be realized in amorphous magnetic wires in a most simple way (i.e. even without additional 

post-processing) [18-20].  

These features can be attributed to the fact that the cylindrical geometry together with the 

internal stresses distribution typical for the rapid quenching from the melt provide the unique 

features, like core-shell domain structure presenting either high circumferential magnetic 

permeability (in negative magnetostrictive Co-rich compositions) or existence of axially 

magnetized single inner domain responsible for observation of the single and large 

Barkhausen jump and related single DW propagation [10-20]. The cylindrical geometry in 

fact is suitable for realization of the aforementioned unique magnetic properties not only in 

magnetic wires prepared by any method involving rapid melt quenching, but even in 
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conventional magnetic wires [14,15] or in nanowires prepared using other techniques (e. g, 

electrodeposition) [21,22].  

It is worth mentioning that recent progress in rapidly quenched technology allows 

considerable dimensionality reduction of rapidly quenched materials [20,23,24]. Therefore, 

knowledge obtained in rapidly quenched amorphous materials can be useful for 

nanotechnology. 

As mentioned above, studies of either GMI effect of single DW dynamics in amorphous 

magnetic wires are essentially important for technical applications. Both, GMI ratio and DW 

velocity can be further improved by magnetic wires post-processing [25-29].  

Recently, we showed that annealing and stress-annealing can considerably improvement 

the DW dynamics of the Fe-Si-B-C microwires with high and positive magnetostriction 

coefficient [25,26]. However, magnetic bistability can be observed not only in Fe-based 

microwires: as-prepared Fe-Ni- based and annealed Co-rich microwires can also present 

magnetic bistability [27, 30, 31]. Substitution of Fe by Ni and Co allows considerable 

modification of the magnetostriction coefficient [31,32]. In addition, stress-annealing can 

also affect magnetic properties of Co-rich microwires [29,30]. Therefore, one can expect that 

DW dynamics in Fe- Ni- and Co-based microwires can be further improved. 

Accordingly, in present paper we provide our experimental results on search of the routes 

allowing optimization of DW dynamics in Fe- Ni- and Co-based glass-coated microwires. 

 

2. Experimental Details  

We studied effect of stress-annealing on hysteresis loops and domain walls (DW) 

dynamics of various glass-coated microwires prepared using Taylor-Ulitovsky technique 

described elsewhere [13, 18].  The microwires compositions and dimensions are provided in 

Table 1. 

Table 1. Compositions and geometry of analysed GMI materials. 
Composition Metallic 

nucleus 
diameter, d, 

(μm) for 
microwires 

or width 
(mm) for 
ribbons 

Total 
diameter, 
D, (μm) for 
microwires 
or 
thickness 
(μm) for 
ribbons 

Ratio 
ρ 

Magnetostriction 
Coefficient,  
λs x10-6 

Co69.2Fe4.1B11.8Si13.8C1.1  25.6   30.2 0.84 -0.4 
Fe75B9Si12C4  15.2 17.2 0.88 38 
Fe16Co60Si13B11 12 29 0.41 20 
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Fe62Ni15.5Si7.5B15  

Fe49.6Ni27.9Si7.5B15 

Co56Fe8Ni10Si11B16 

Fe8.1Co50.7Ni17.6B13.3Si10.3   
Co65.4Fe3.8Ni1B13.8Si13Mo1.3C1.7 

Co69.2Fe3.6Ni1B12.5Si11Mo1.5C1.2     

14.35 
14.2 
22 
11.6 
21.4 
22.8  

33.25 
33.85 
26.2 
14 
23 
23.2 

0.43 
0.42 
0.84 
0.82 
0.93 
0.98 

27 
20 
0.1 
-0.9 
-0.1 
-0.3 

 

Sample annealing has been performed in a conventional furnace at temperature, Tann, 

ranging between 200 oC and 400 oC with annealing time, tann, up to 60 min.  

The stress has been applied during the annealing as well as during the sample cooling with 

the furnace. This stress value during the annealing within the metallic nucleus and glass shell 

has been evaluated as described earlier [14, 25,26]: 

σm=
K.P

 K  Sm+ Sgl
,     σgl=

P

 K  Sm+ Sgl
                  (1) 

where K =E2/E1, Ei are the Young’s moduli of the metal (E2) and the glass (E1) at room 

temperature, P is the applied mechanical load, and Sm and Sgl respectively are the cross 

sections of the metallic nucleus and glass coating. The value of applied stresses evaluated 

using eq. (1) was between 118 MPa and 472 MPa. 

Structure of as-prepared and annealed samples have been checked by X-ray Diffraction 

(XRD) employing a BRUKER (D8 Advance) X-ray diffractometer with Cu Kα (λ =1.54 Å) 

radiation and by DSC measurements using DSC 204 F1 Netzsch calorimeter in Ar 

atmosphere at a heating rate of 10 K/min. All as-prepared and annealed samples present 

amorphous structure. 

Hysteresis loops have been measured using fluxmetric method previously described 

elsewhere [30,34]. For better comparison of the samples subjected to different post-processing 

and of the sample with different chemical composition, we represent the hysteresis loops as 

dependence of normalized magnetization M/M0 (where M is the magnetic moment at a given 

magnetic field and M0 is the magnetic moment of the sample at the maximum magnetic field 

amplitude) versus magnetic field, H.  

The magnetostriction coefficient of studied microwires has been evaluated using the small 

angle magnetization rotation (SAMR) method described elsewhere [31]. We used the 

experimental set-up with the improved resolution detailed described in ref. (32). 

We measured the magnetic field, H, dependence of domain wall (DW) velocity, v, of 

single DW travelling along the sample by modified Sixtus-Tonks previously described 

elsewhere [19,33,35]. The principle differences of used method from the classical Sixtus-

Tonks [15] set-up are the following:  
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i) one sample end is placed outside the magnetization coil in order to ensure a single 

DW propagation.  

ii)  we employed three pick-up coils in order to avoid the multiple DW propagation 

[33].  

When the DW passes through each pick-up coil, it generates the electromotive force (EMF) 

peaks, ε, in it. Consequently, the analysis of the time, t, dependence of the EMF peaks from 3 

pick-up coils allows us to trace the DW travelling along the microwire.  

Then, the DW velocity, v, can be estimated as: 

v = 
l

Δt
  (2) 

where l is the distance between pick-up coils and Δt is the time difference between the 

electromotive force (EMF) peaks, ε, originated by moving DW in the pick-up coils [33,35]. 

Use of three pick-up coils allows to study single DW propagation and to discard contribution 

of nucleation of the new DWs in the other parts of the microwire. As previously shown, DWs 

can be injected in any part of microwire [33, 36]. However, the local nucleation fields, Hn, at 

which new DW can be injected inside the wire is several times higher than the field at which 

DW depins from the wire ends [33]. Such injection of additional DWs can be detected by 

modified Sixtus–Tonks method developed by us as the deviation from linear v(H) 

dependence [33,36]. The magnetic field, at which the deviation from linear v(H) is observed, 

correlates with the minimum nucleation field, Hnmin, within the sample. Accordingly, if 

applied field H≥ Hnmin, a new domain can be spontaneously nucleated in front of the 

propagating DW [33,36]. This fact has been previously proved by correlation of v(H) 

dependencies measured between different pairs of pick-up coils and the Hn profiles measured 

by short movable pick-up coil [33,36].  

Below we present comparative studies of Hn profile, v(H) dependencies measured 

between pick-up coils 1-2 and 2-3 and DW propagation evidenced by the EMF peaks 

sequence in as-prepared Fe75B9Si12C4 sample (see Fig 1 (a)-(c)). To measure the Hn profile 

we used the set-up consisting of a short (2.5mm long) magnetizing coil and two pick-up coils 

wounded around the wire [36]. The sample is previously magnetized by long solenoid. Then 

local magnetic field of opposite direction is created by short magnetizing coil allows DW 

injection which detected by the pick-up coils placed close to the short magnetizing coil.  
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To obtain the Hn profile, we moved the sample 

along the pick-up and exiting coils by means of a 

stepper motor with a step of 1 mm. 

Dependence of Hn on distance along the sample, 

L, (see Fig. 1(a)) represents the Hn profile. The 

origin of Hn fluctuations along the sample length 

has been associated with the sample 

inhomogeneities [36].   

As observed from Fig.1(a), Hnmin –value (about 

77 A/m) correlates with the field at which the 

deviations from linear v(H) dependencies are 

observed (see Fig. 1(b)). On the other hand, near 

the wire ends the Hnmin–values drastically 

decrease, indicating the presence of the closure 

end domains which can be depinned by an 

external field, H ≤ Hnmin (see Fig. 1(a)).  As 

discussed elsewhere [33,35], such depinning and 

hence single DW propagation occurs when the 

external field becomes higher than the coercivity, 

Hc.  Single DW propagation is evidenced by the sequence of the EMF peaks in the set of 

three pick-up coils (see Fig. 1(c)). The domain wall velocities between pick up coils 1, 2 and 

2, 3, v1-2 and v2-3, evaluated using eq.(2) give almost the same values. Consequently, the 

extension of linear v(H) dependencies in the range Hc ≤H≤ Hnmin corresponds to the single 

DW propagation. 

Once H ≥Hnmin, DWs can be injected at sample inhomogeneites observed in Fig.1(a). 

Therefore, below we analyze exclusively linear v(H) dependencies, which correspond to the 

single DW propagation regimes.  

 

3. Results and discussion 
 

We studied two different families of glass-coated microwires, namely microwires (Fe and Fe-

Ni based) with positive magnetostriction coefficient, λs, presenting spontaneous magnetic 

bistability and magnetic microwires with vanishing λs exhibiting magnetic bistability induced 

by annealing (Co-based).   
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3.1. Tunning of DW dynamics in microwires with spontenaoues magnetic bistability. 

As mentioned above, amorphous as-prepared Fe-rich microwires generally present 

spontaneous magnetic bistability characterized by perfectly rectangular hysteresis loop [23, 

34].  

  In the first part of this section, we present experimental results on influence of post-

processing on DW dynamics of amorphous Fe75B9Si12C4 microwire (d = 15.2 μm; D = 17.2 

μm) with quite typical composition exhibiting high and positive magnetostriction coefficient 

(λs ≈ 38 × 10−6) [23, 32]. 

As shown in Fig.2(a), (b) as-prepared and annealed (without stress) Fe75B9Si12C4 samples 

present rectangular hysteresis loops, similarly to that reported elsewhere for as-prepared 

microwires with positive λs values [33,34]. Slight magnetic softening (Hc decrease) can be 

appreciated upon annealing (see Fig. 2(b) for  Tann = 300 °C). However, the hysteresis loops 

of the same but stress-annealed microwire present significant changes: at a sufficiently high 

stress applied during annealing, transverse magnetic anisotropy can be induced (see Fig.2(c), 

(d)). Recently a noticeable improvement in magnetic softness and GMI effect has been 

reported in Fe-rich microwires [25, 29, 37]. Furthermore, if the stress applied during the 

annealing is not very high, the hysteresis loop can 

still present rectangular shape (see Fig.2(c)). 

However, for the sample annealed for a sufficiently 

high stress, the hysteresis loop becomes almost 

linear (see Fig. 2(d)). 

As reported [37], observed stress-annealing 

induced magnetic anisotropy depends not only on 

applied stress, but also on a few more parameters: 

annealing temperature Tann, and time, tann. 

Unlike hysteresis loops, annealing significantly 

affects the DW dynamics: as can be seen in Fig. 3, 

a remarkable improvement in DW velocity is 

achieved upon annealing. The observed magnetic 

field, H, dependencies of the velocity DW, v, can 

be almost perfectly described by linear 

dependences. 
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Fig. 2. Hysteresis loops of as-prepared (a), 
annealed at Tann = 300 °C for σm= 0 MPa (b), 
stress- annealed at Tann = 300 °C for σm =190 
MPa (c) and at Tann = 300 °C for σm= 380 
MPa Fe75B9Si12C4 sample (d). 
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Usually, the v(H)  dependencies are described by the 

following relation [19,23,33,38,39]: 

 

v=S(H-H0)
                                     (3) 

 

where S is the DW mobility, H0  is the critical 

propagation field. 

The influence of the annealing on DW 

dynamics involves the magnetoeslastic anisotropy 

contribution to the domain wall mobility, S, given 

by [23,40, 41]: 

S = 2µ0Μs/β (4) 

where β is the viscous damping coefficient, µ0  is magnetic permeability of vacuum, Μs -

saturation magnetization.  

As discussed elsewhere [23,40,41], most of experimental results on influence of 

annealing on DW dynamics have been explained considering correlation of the magnetic 

relaxation damping, βr, and the anisotropy constant, K, described as [38, 40,41]: 

βr ≈ 2απ−1(K/A)1/2 (5) 

where A is the exchange interaction constant, α- Gilbert damping parameter.  

As discussed elsewhere [18, 23,24, 40, 42], the main origin of magnetic anisotropy in 

amorphous materials is the magnetoelastic anisotropy, Kme, given by: 

Kme ≈ 3/2λsσ (6) 

where λs is the magnetostriction coefficient, and σ–stresses, consisting of the internal stresses, 

σi , and applied stresses, σa. 

Consequently, the stresses, σ, value (both applied and internal) as well as the 

magnetostriction coefficient, λs, must affect domain wall dynamics and, particularly, 

mobility, S. 

The easiest way to tune the magnetostriction coefficient, λs, value in amorphous alloys is 

the modification of the chemical composition of the metallic alloy [31,32]. Indeed, Fe-rich 

compositions present positive λs -values (typically λs ≈ 20 - 40 x 10−6), while for the Co-rich 

alloys, λs –values are negative, typically λs ≈ -5 to - 3 x 10−6 [31,32, 43, 44]. Alternatively, the 
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Fig. 3. Influence of the annealing on DW 
dynamics of Fe75B9Si12C4 microwire. 
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λs -values can be modified by doping of Fe-rich alloy by Ni: a decrease of λs -values with 

increasing of Ni-content is reported elsewhere for amorphous alloys [31,43,44].  

Nearly-zero λs –values can be achieved in the CoxFe1-x (0≤x ≤1) or CoxMn1-x (0≤x ≤1) 

systems at x about 0,9 – 0,96 [18, 31, 43].   

In NixFe1-x system decrease of λs -value with increasing of Ni-content is observed, but it 

correlates to the simultaneous decreasing of the saturation magnetization. Thus, zero λs –

values at high Ni-contents correspond to paramagnetic ordering of NixFe1-x alloys at room 

temperature [43].  

Below experimental results on DW dynamics of Fe-Ni based microwires with similar d, D 

and ρ-values, i.e., Fe62Ni15.5Si7.5B15 (d=14.35 µm; D=33.25; ρ=0,43) and 

Fe49.6Ni27.9Si7.5B15(d=14.2 µm; D=33.85; ρ=0.42) are 

compared (see Fig.4). From previous knowledge on 

origin of internal stresses in glass-coated microwires 

it is expected that these samples must present quite 

similar internal stresses values and distribution 

[18,42, 45]. 

Similarly to Fe-rich microwires, Fe-Ni- rich 

(Fe62Ni15.5Si7.5B15 and Fe49.6Ni27.9Si7.5B15) 

microwires present rectangular hysteresis loops (see 

Figs. 4(a),(b)).  According to previously published 

results on compositional dependence of 

magnetostriction coefficient [31], Fe62Ni15.5Si7.5B15 

and Fe49.6Ni27.9Si7.5B15) microwires present 

magnetostriction coefficient values of about 27 x10-6 

and 20 x10-6, respectively. Similarly to Fe75B9Si12C4 

microwires, both Fe-Ni –rich microwires present 

linear v(H) dependencies.  

Higher coercivity, Hc, and lower DW mobility of 

Fe62Ni15.5Si7.5B15 microwire can be related to higher 

λs –values of Fe62Ni15.5Si7.5B15 microwires. On the 

other hand, considerable decrease of DW mobility 

and DW velocity under applied tensile stress is 

observed i.e. Fe49.6Ni27.9Si7.5B15 in microwire (see 
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Fig.4(d)). Similar influence of applied stresses on DW dynamics is previously reported by us 

in various microwires with positive magnetostriction coefficient [23, 33, 40].  

For comparison, influence of applied stresses on v(H) dependence of Fe16Co60Si13B11  (d≈12 

µm , D≈29 µm) with λs ≈20 x10-6 is depicted in Fig.5. Similarly to Fe- and Fe-Ni based 

microwires, Fe16Co60Si13B11 microwire exhibits rectangular hysteresis loop (Fig. 5(a)). A 

decrease in v and S-values is observed in Fe16Co60Si13B11 microwire upon applied tensile 

stress (Fig. 5(b)). 

From provided experimental results, it is clear 

that magnetoelastic anisotropy plays a decisive 

role in DW dynamics optimization in magnetic 

microwires with positive magnetostriction (i.e., 

exhibiting spontaneous magnetic bistability). 

Therefore, one of the highest S-values is 

reported for low-magnetostrictive Co-rich 

microwire [23]. Indeed, high v-and S- values 

are observed in Co56Fe8Ni10Si11B16 microwires 

with low and positive magnetostriction constant 

(d=22 µm; D=26.2 µm, λs≈10-7) (Fig. 6(a)). 

The Co56Fe8Ni10Si11B16 microwire presents 

more than one order of magnitude higher S-

values than the other samples (Fig. 6(b)). 

However, in both Co56Fe8Ni10Si11B16 and 

Fe49.6Ni27.9Si7.5B15 microwires S –value rapidly 

drops upon applied stresses (see Fig. 6(b)). 

Accordingly, as can be seen from Figs. 2-5, minimizing magnetoelastic anisotropy either by 

heat treatment or by selection a chemical composition with a low magnetostriction coefficient 

is a route for DW dynamics optimization in magnetic microwires.  

However, an alternative possibility is related to the design of the magnetic anisotropy 

distribution, which is more favorable for the DW dynamics improvement [25, 26].  

In fact, both cylindrical geometry and the specific domain structure of magnetic 

microwires with positive magnetostriction coefficient consisting of a single axially 

magnetized inner domain surrounded by the outer domain shell with transverse magnetic 

anisotropy are the unique condition for realization of ultra-fast magnetization switching. In 
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magnetic microwires with such domain 

structure the magnetization reversal is 

attributed to the depinning and fast DW 

propagation within an inner single domain 

upon application of external magnetic 

field.  

However, it has been theoretically 

and experimentally shown that the DW 

velocity of magnetic wires can be further 

improved by applying a transverse bias 

magnetic field [46-50]. The reported 

beneficial influence of the transversal 

magnetic field on the DW dynamics is 

attributed to the influence of the transverse 

field on the spin precession as well as on 

the DW shape [46-48].  

As can be observed from Figs. 

2(c),(d), stress-annealing allows one to 

induce transverse magnetic anisotropy in magnetic microwires with a positive 

magnetostriction coefficient. The stress-annealing induced transverse magnetic anisotropy 

and its radial distribution depend on the stress-annealing conditions, that is the annealing 

temperature, Tann, the stress applied during the annealing, σm, and the annealing time, tann 

[25,35,50].  As can be appreciated from Fig. 2(c), at certain stress-annealing conditions (low 

enough Tann or σm -values) the hysteresis loops remain rectangular in shape, although they 

present a lower coercivity, Hc, and remanent magnetization, Mr/Mo. 

The influence of stress-annealing conditions on the hysteresis loops and DW 

dynamics of Fe75B9Si12C4 microwire is shown in Fig.7. Similarly as it was recently reported 

[26,30], after stress-annealing, a rectangular hysteresis loop is observed in the Fe75B9Si12C4 

sample, but with lower Hc and Mr/Mo – values (Fig. 7(a)). Thus, it is possible to observe a 

single DW propagation in stress-annealed Fe75B9Si12C4 samples.  

As-compared to as-prepared sample, stress-annealing allows remarkable improvement 

of DW velocity (Fig.7(b)). Comparison of the S-values obtained by stress-annealing gives 

values of the order of 27 m2/As (see Fig. 7(c)). At the same time, the coercivity decrease 

upon stress-annealing is more significant (see Fig. 7(c)). 
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As can be observed from Fig. 2(c),(d), 

further decrease of Hc- and Mr/Mo – values is 

observed rising σm, Tann and tann. Reduced Hc and 

Mr/Mo – values after stress-annealing have been 

explained in terms of core-shell model of 

magnetic wires as an increase of the outer 

domain shell volume with transverse 

magnetization orientation in expense of a 

decreasing in the inner axially magnetized core 

volume [25, 35, 50]. Such modification of the 

spatial distribution of magnetic anisotropy is also 

evidenced by remarkable improvement of Giant 

magnetoimpedance, GMI, ratio, ∆Z/Z, and 

modification of magnetic field dependence of 

∆Z/Z [35, 51]. 

Observed remarkable improvement of the 

DW dynamics (S and v-values) is attributed to 

the  transverse magnetic anisotropy of the outer 

domain shell that affects the travelling DW in a 

similar way as the application of transversal bias 

magnetic field that allows the DW velocity 

enhancement [26, 35]. Recently, S-values 

improvement up to 45 m2/As by stress-annealing 

is reported [26]. 

Accordingly, the DW dynamics magnetic 

microwires with positive magnetostriction coefficient exhibiting spontaneous magnetic 

bistability can be considerably improved either by minimization of the magnetoelastic 

anisotropy or by stress-annealing induced transverse magnetic anisotropy. 

 

3.2. Domain wall dynamics in microwires with induced magnetic bistability 
 

As reported in a few recent publications, considerable magnetic hardening and 

transformation of linear hysteresis loop to rectangular is observed in a number of Co-rich 

microwires with low and negative magnetostriction coefficient [27-29]. These modifications 
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of the hysteresis loops strongly depend on annealing conditions, i.e. on Tann and tann (see 

Fig.8). 

The origin of these changes is explained considering either the influence of internal 

stresses relaxation on the magnetostriction coefficient of Co-rich microwires, or competition 

between the magnetoelastic and shape magnetic anisotropy. In any case, annealed Co-rich 

present magnetic bistability [27-29]. The consequence of such evolution of hysteresis loops 

upon annealing is that annealed Co-rich microwires with annealing induced magnetic 

bistability can also present DW propagation [27,28]. 

One of the examples obtained for Co65.4Fe3.8Ni1B13.8Si13Mo1.3C1.7 microwire (d=21.4μm, 

D=23μm) annealed for 1 h at 300 0C in provided below (see Fig. 9). This microwire after 

annealing has perfectly rectangular hysteresis loop (see Fig.9(a)). Generally, DW dynamics in 

annealed Co-rich microwires presents similar features: almost linear v(H) dependence and 

rather high DW velocity values (typically above 1 km/s) (see Fig 9(b)). 

The linear hysteresis loop transforms into a rectangular one upon annealing and 

stress-annealing in Co69.2Fe3.6Ni1B12.5Si11Mo1.5C1.2 microwires (see Fig.10(a)). As-compared 

to the annealed sample, stress-annealing allows the coercivity, Hc, reduction (see Fig.10(a)).  

Generally, higher DW velocity values (up to 3 km/s) have observed in 

Co69.2Fe3.6Ni1B12.5Si11Mo1.5C1.2 (d = 22.8 μm, D = 23.2 μm) microwires (Fig. 10(b)). 

Similarly to Fe-rich microwires, stress annealing allows DW velocity improvement (see Fig. 
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10(b)). However, the extension of the linear v(H) 

dependence is also considerably affected by the 

stress-annealing (see Fig. 10).  

As discussed elsewhere [25, 33, 52], the 

extension of the linear v(H) dependence is 

determined in weak fields by the switching field and 

in the high fields, by the threshold between single 

and multiple domain wall propagation regimes. 

Therefore, the modification in the low field 

region of v(H) dependence must be related to lower 

coercivity values of stress-annealed samples (see 

Fig. 10(a)). However, shorter extension of linear 

v(H) dependence in the high field region must be 

attributed to the effect of stress annealing on 

minimum nucleation field within the sample at 

which a new domain can be spontaneously 

nucleated in front of the propagating head-to-head 

closure domain. In any case an increase of the S-

value from 27 m2/As up to 29 m2/As can be 

appreciated from Fig. 10(b). 

As discussed above, transformation of 

linear hysteresis loops to rectangular is a common 

feature of Co-rich microwires with vanishing 

magnetostriction coefficient. One more example is 

shown in Fig. 11(a), where the hysteresis loop of 

Co69.2Fe4.1B11.8Si13.8C1.1 glass-coated microwires 

(d=25.6 µm, D=30.2 µm) annealed at 300 oC is 

provided. 

Perhaps the main difference between the 

DW dynamics of magnetic microwires with 

spontaneous magnetic bistability (λs -values) and 

Co-rich microwires with annealing induced 

magnetic bistability lies in the stress dependence of the DW dynamics.  
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As can be appreciated from Fig. 11(b), 

the v(H) dependences  of 

Co69.2Fe4.1B11.8Si13.8C1.1 glass-coated 

microwires (d=25.6 µm,  D=30.2 µm) 

present a considerable enhancement in the 

DW velocity at given H-values upon 

applied tensile stress. This behavior is 

exactly the opposite to that observed for 

magnetic microwires with spontaneous 

magnetic bistability (see Figs. 4-6).  

Observed increase in DW velocity has 

been explained considering the stress 

dependence of the magnetostriction 

coefficient, i.e., the decrease in λs under 

effect of the applied stress [25, 35,51]. 

The rectangular character of hysteresis 

loops in Co-rich microwires maintains at 

certain conditions even after stress-annealing 

(moderate stresses values and annealing 

temperatures). As-compared to annealed 

samples, stress-annealed Co-rich samples 

present lower Hc –values (Fig. 12(a)) and the 

same features when the DW dynamics is 

measured upon applied stress: increase of DW 

velocity can be observed upon influence of 

applied stress (see Fig. 12(b)). However, 

similarly to Fe-rich microwires (see Fig 2(d)), 

the hysteresis loop of the same sample stress-
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annealed at a sufficiently high Tann and/or σa does not present a rectangular hysteresis loop, as 

shown in Fig. 13 for stress-annealed (at Tann=400 oC for σa =118 MPa) 

Co69.2Fe3.6Ni1B12.5Si11Mo1.5C1.2 microwires.  

Therefore, considering the evolution of 

hysteresis loops annealed under stress at different 

Tann we can deduce that stress-annealing of Co-rich 

microwires allows induction of transverse magnetic 

anisotropy.  

From comparison of DW dynamics of annealed 

without stress and stress-annealed microwires we 

can appreciate that the DW dynamics is affected by 

the stress-annealing (Fig. 14): the most remarkable 

influence of stress-annealing is that the magnetic 

field range at which the single DW propagation can 

be observed is shifted to low –field region (see Fig. 

14) as compared to annealed (for σm = 0 MPa) 

samples. This must be attributed to lower coercivity 

(and hence lower switching field) of stress-annealed 

samples.  

However, for certain stress-annealing 

conditions a remarkable increase of DW 

mobility can be obtained. In the present case 

(Fig. 14) the annealed 

Co69.2Fe3.6Ni1B12.5Si11Mo1.5C1.2 microwire 

presents DW mobility S≈34 m2/As, while 

stress-annealed (at σm = 354 MPa) - S≈35.5 

m2/As. 

Even more remarkable DW mobility 

improvement has been recently observed by 

us: when S ≈ 40 m2/A∙s have been achieved at appropriate stress-annealing conditions [29]. 

The origin of induced magnetic bistability in the case of Co-rich microwires has been 

attributed to the internal stresses relaxation upon conventional furnace annealing that allows 

modification of the domain structure and appearance of inner axially magnetized core 

responsible for the magnetization switching by DW propagation [25, 29, 37]. 
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Beneficial influence of the stress-annealing on DW dynamics has been explained 

considering that it allows increasing of the volume of outer domain shell with transverse 

magnetization orientation in expense of decreasing of the radius of inner axially magnetized 

core. Such transverse magnetic anisotropy can affect the DW dynamics in similar way as the 

applied transverse magnetic field and hence is beneficial for the DW dynamics optimization.  

In any case the origin of high DW velocity observed in magnetic microwires must be 

attributed to low magnetic anisotropy of amorphous microwires, essentially non-abrupt DW 

shape with the characteristic width, δ, of a head-to-head DW a few time larger than the  

metallic nucleus diameter, d, of microwire (i.e. 10 ≤δ/d ≤ 50) [54]. It is also worth mentioning 

that in the case of essentially non-abrupt DW, the DW mobility normal to the wall surface is 

reduced by the domain aspect ratio and the elongated DW can move quite fast [55].  

As can be deduced from experimental results on DW dynamics presented above in 

magnetic microwires with either positive (i.e. presenting spontaneous magnetic bistability) or 

negative (with induced magnetic anisotropy) careful selection of microwire composition or 

conditions of post-processing allows achievement of extremely fast DW dynamics. 

Furthermore, furnace annealing and especially stress-annealing are promising methods 

allowing optimization of DW dynamics in magnetic microwires.  

 

Conclusions 
 

We showed that minimizing magnetoelastic anisotropy either by selection a chemical 

composition with a low magnetostriction coefficient or by heat treatment is an appropriate 

route for domain wall dynamics optimization in magnetic microwires. As-prepared Co-based 

microwires with low and negative magnetostriction present linear hysteresis loops. Stress-

annealing allows further improvement of domain wall velocity and hence is promising 

methods allowing optimization of DW dynamics in Fe-, Ni and Co-based magnetic 

microwires. 

In magnetic microwires with induced magnetic bistability an increase of DW velocity can 

be observed upon applied tensile stress. This behavior is exactly the opposite to that observed 

for magnetic microwires with spontaneous magnetic bistability 

Beneficial influence of the stress-annealing on DW dynamics has been explained 

considering that it provides the magnetic anisotropy distribution more favorable for faster 

domain wall dynamics.  
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It is assumed that stress-annealing  allows increasing of the volume of outer domain shell 

with transverse magnetization orientation in expense of decreasing of the radius of inner 

axially magnetized core. Such transverse magnetic anisotropy can affect the DW dynamics in 

similar way as the applied transverse magnetic field and hence is beneficial for the DW 

dynamics optimization.  
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