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Barkhausen noise in soft amorphous magnetic materials
under applied stress
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We report experimental measurements of Barkhausen noise og @085 amorphous alloy

under tensile stress. We interpret the scaling behavior of the noise distributions in terms of the

depinning transition of the domain walls. We show that stress induced anisotropy enhances the
effect of short-range elastic interactions that dominate over long-range dipolar interactions. The

universality class is thus different from the one usually observed in Barkhausen noise measurements
and is characterized by the exponentsl.3 anda=1.5, for the decay of the distributions of jump

sizes and durations. @999 American Institute of Physidss0021-897@9)53508-]

I. INTRODUCTION scribed by its positiom(r), dividing two regions of opposite

The Barkhausen effect has received a renewed theoreti@gnetization directed along theaxis. The total energy for
cal interest in the last few years, because of its connectiond 9iven configuration is the sum of different contributions
with interface depinning and nonequilibrium critical phe- due to magnetostatic, ferromagnetic, and magnetocrystalline
nomena. We have recently propos8d microscopic model mtelractlzgns, and gives rise to the following equation of
of the Barkhausen effect based on the dynamics of a flexiblgnotion”
domain wall on a random environment. The model gives a  jn(y )
satisfactory explanation of many of the experimental results

T . L ot
reported in literature. In particular, we are able to justify the
occurrence of the power law distributions of Barkhausen 5, , ,
jumps and compute the critical exponents. In the limit of a +J dr’K(r—r)[h(r)=h(r)]+»(r.h),
vanishing driving rate of the external field, the distribution of
sizes s (the area under the jumpscales asP(s) @)
~s~"f(slsy), wherer=3/2, and the cutoffs; scales with where all the unnecessary factors have been absorbed in the
the demagnetizing factde as sy~ 1/k. Similarly, the distri-  definitions of parameters. Hekis the applied fieldk is the
bution of durationsT scales ad>(T)~T " “g(T/T,), where  demagnetizing factor and= [d?r"h(r’,t)/V, v, is the sur-
a=2, and the cutoff scales &~ 1/\k. These results are face tension of the walk is the kernel due to dipolar inter-
the strict consequence of the presence of long-range dipolaictions given by
interactions and are in good agreement with experiments on
amorphous alloys and polycrystalline samples.

In a previously introduced mod&lpased on a descrip-
tion of the domain wall similar to ours, dipolar interactions
were ignored, giving rise to different critical exponentsand 7(r,h) is a Gaussian uncorrelated random field taking
7~1.3, anda~1.5. Comparable experimental values haveinto account all the possible effects of dislocations, residual
only been reported for Perminv480% Fe, 45% Ni, 25% Stress, and nonmagnetic inclusions.

Co),® wherer~1.33. In this article, we show that the critical Whenk=0, Eq.(1) displays a depinning transition as a
exponents in a kgCo,;B;5 amorphous alloy under tensile function of the field and the corresponding critical exponents
stress display the values-1.28 anda~1.5, indicating that ~€an be obtained with renormalization group methbtisor

the domain wall dynamic is described by short-range interk>0, which corresponds to the experiments we are describ-
face models. We explain these results by noting that for maging here, the domain wall displays a steady motiwound
netostrictive materials, such as thegf@n,;B;5, magneto- the depinning transitioh.For low driving ratesdH/dt, the
elastic interactions enhance the effect of the surface tensiofglocity of the wall shows avalanches whose distributions

=H—kh+ 1,V2h(r,t)

poMZ [ 3(x—x')?
27r—r' |3\ Ir—r'|2

K(r—r/)= , 2

over the long-range dipolar forces. are characterized by the scaling laws expected close to the
depinning transition.
Il. THEORY The upper critical dimension of Eql) is d.=3 so that

S ) ) the dynamics can be described by a mean-field equétion.
Before describing in detail the experimental results, Werpg s the reason of the success of a mean-field phenomeno-
summarize the main theoretical results recently discussed Bgical model to explain most of the experimental data. In
Refs. 1 and 2. We consider a single 180° domain wall, degact the critical exponents take mean-field values/2, and
a=2, with a small correction at nonzero driving rates,
dElectronic mail: durin@omega.ien.it =3/2—c/2, ande=2—c, wherec is a dimensionless param-
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E L N L o ) FIG. 2. Distribution of the Barkhausen signal amplitudat different ten-
] ) ] . ] A ] . ] A ] sile stresses =10-140 MPa Data follows the distributionP(v
m
20 ~v~(~9exp(—vivy), wherec is a dimensionless parameter proportional to
| 140 MP the driving rate(Inse) Dependence of the cutoff, on the applied stress,
15 F c =140 a showingvy~ o5,
10 i stress increases, and the uniaxial anisotropy is induced, a
5L simpler domain structure appears, with a few parallel do-
t l n l " ) B mains in the direction of the stress.
0 P e O Y The Barkhausen noise measurements are performed as

0 50 100 150 200 250 300 explained in Ref. 3. The visual inspection of Barkhausen
time (ms) signal reveals the changes induced by the stress in the do-
FIG. 1. Barkhausen signal at different tensile stresses for the as-cast _mam wall dynamlcs(Flg. . The_ amp“tUde of the signal
Fe,,C0,,B,5 amorphous alloy. increases with the stress, resulting in very short and peaked
jumps at high stresses. A better characterization of the
Barkhausen jump shape is obtained considering the distribu-
tions of the amplitudey, the durationT, and the sizes (the
eter proportional to the driving rate, in agreement with eX-agrea under the jump*®
perimental data on many different materis. As in previous experimentst>*4the amplitude distribu-
These results change when the long-range kerBgl  tion is found to decay as
(2)] is absent and the surface tension is the most relevant —(1-0)
term in the equation. The upper critical dimension changesto  P(V)~V exp(—V/vo), ©)
d.=5, with critical exponents significantly lower,=1.25,  with a cutoff v, increasing with the stress, and scaling as
and «=1.43 from renormalization group calculatioh$?® v,~ %5 (Fig. 2. Size and duration distributions are col-
and 7=1.3 anda=1.5 from simulations®** lected at nearly the same value @ 0.1- 0.2, showing ex-
ponentsT-1.28+0.02 (Fig. 3), and a~1.5+0.1, indepen-
dent of the applied stress, provided that>oq. At low
IIl. EXPERIMENTAL RESULTS AND SIMULATIONS applieq stressd <o), where the dpmain structure is more
complicated and the Barkhausen signal/background noise ra-
Ribbons of a high magnetostrictive, {=46.5<10°%) tio is reduced, it is difficult to obtain reliable estimates of the
Fe;4C0,,B15 amorphous alloy are prepared by planar flowexponents.
casting in air. We employ a single strip of 30 cm length For o=, we also measured the variations of the criti-
under tensile stress from 0 to 140 MPa. The applied stressal exponents with the parameter Unlike mean-field
induces uniaxial anisotropies, radically changing the domaitheory?® here the dependence aris quite weak within the
structure. This kind of high magnetostrictive alloy shows afitting error bar, in agreement with the result reported for the
typical behavior of the coercive fieltl, (see for instance Perminvaf
Ref. 12: a fast decrease dfi; up to a typical stress value The cutoff of the distributions shows an intriguing be-
o9~10 MPa, and a roughly linear increase at high stressesavior: the cutoff of the size distributios, is nearly inde-
This behavior is due to changes in the domain structure: thpendent of the stred§ig. 3), while the duration is progres-
quenched-in stresses dominate at low tensile stress, resultisiyely reduced with the stress, roughly g~ o~ %°. These
in a complicated pattern of maze domains. As the externalesults quantify the qualitative picture of the signal discussed
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T AR T T3 associated with the region of volumé where magnetic
] charges appedr. As a first approximation, we can také
- E =S6,,, where 8, is the domain wall width. Sincev,
=2k . ~AK and 8,~ VA/K, whereA is the exchange constant
% 2 3 and K the anisotropy constant, the ratio between the two
3 3 3 terms is of the order of =E,/E~10 °K/k*, since
= - b uoM¢~1T. The factork* cannot be easily evaluated, be-
gl 3 I z:g :: Y cause it strongly depends on the spatial distribution of the
% E | o 52-90Mpa “x. 1 charges. It vanishes for a perfectly rigid wall and is of order
F A &= 140 MPa B v ] 1 for a large bending of the wall. In general, considering only
E | Simulations s A; a small bending of the surface, we can estirridte- 102,
[0 | | AT which correspond to length/width ratio of the order of 10 or
10710 10° 10°® more, givingr ~10~ %K. In soft amorphous alloys as the one
s (Wh) we employ in our experiments, the average anisotropy con-

stant(K) is of the order of 200J/f 2 so thatr<1, and
FIG. 3. Experimental size distributions of Barkhausen jumps at differentmagnetostatic effects prevait* Under applied stress, the
tensile stresse¢open dots compared to the datésolid dotg simulated  jnduced anisotropyK ,~ 3/2\ o), and the reduced value of
usirlq Eq.(1) without dipolar interactio_ns. All data are fitte_d usilqu) k* yield r=1. so that the surface tension becomes domi-
~s~ "exd —(s/s0)?], wherer=1.26 (experiments andr=1.28(simulations, ! L . .
with s,~10 8 Wb, Simulated data are rescaled for comparison. nant. A similar effect could also explain the experimental
results on Perminvar,a material with a low permeability
value (~250) consistent with a quite high value &~ 10*
above: the amplitude of the signal increases with the stress; 10°.
while avalanche durations are shorter, so that the avalanche In principle, it should be possible to observe the transi-
sizes roughly do not change with the stress. tion between the two universality classes changing the in-
In order to understand the experimental results, we perduced anisotropy in an amorphous alloy. Our results do not
form a series of simulations of a discretized version of Eq.definitely prove it, since the exponents at low stress have
(1) without the long-range kernéWe employ different field quite large error bars. Experiments on other amorphous al-
driving rates and evaluate the paramatarsing the ampli- loys are in progress to confirm this hypothesis. Finally, we
tude distributions. We observe small variations in the criticalare currently working to understand quantitatively the scal-
exponents: 7=1.26+0.04—(0.16-0.05c and «=1.40 ing of the cutoff of the distributions with the applied stress.
+0.05-(0.25+0.05)c, in excellent agreement with experi-
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