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We report experimental measurements of Barkhausen noise on a Fe64Co21B15 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 exponentst.1.3 anda.1.5, for the decay of the distributions of jump
sizes and durations. ©1999 American Institute of Physics.@S0021-8979~99!53508-1#

I. INTRODUCTION

The Barkhausen effect has received a renewed theoreti-
cal interest in the last few years, because of its connections
with interface depinning and nonequilibrium critical phe-
nomena. We have recently proposed1,2 a microscopic model
of the Barkhausen effect based on the dynamics of a flexible
domain wall on a random environment. The model gives a
satisfactory explanation of many of the experimental results
reported in literature. In particular, we are able to justify the
occurrence of the power law distributions of Barkhausen
jumps and compute the critical exponents. In the limit of a
vanishing driving rate of the external field, the distribution of
sizes s ~the area under the jump! scales as P(s)
;s2t f (s/s0), wheret53/2, and the cutoffs0 scales with
the demagnetizing factork ass0;1/k. Similarly, the distri-
bution of durationsT scales asP(T);T2ag(T/T0), where
a52, and the cutoff scales asT0;1/Ak. These results are
the strict consequence of the presence of long-range dipolar
interactions and are in good agreement with experiments on
amorphous alloys and polycrystalline samples.3–5

In a previously introduced model,6 based on a descrip-
tion of the domain wall similar to ours, dipolar interactions
were ignored, giving rise to different critical exponents
t;1.3, anda;1.5. Comparable experimental values have
only been reported for Perminvar~30% Fe, 45% Ni, 25%
Co!,6 wheret;1.33. In this article, we show that the critical
exponents in a Fe64Co21B15 amorphous alloy under tensile
stress display the valuest;1.28 anda;1.5, indicating that
the domain wall dynamic is described by short-range inter-
face models. We explain these results by noting that for mag-
netostrictive materials, such as the Fe64Co21B15, magneto-
elastic interactions enhance the effect of the surface tension
over the long-range dipolar forces.

II. THEORY

Before describing in detail the experimental results, we
summarize the main theoretical results recently discussed in
Refs. 1 and 2. We consider a single 180° domain wall, de-

scribed by its positionh(r ), dividing two regions of opposite
magnetization directed along thex axis. The total energy for
a given configuration is the sum of different contributions
due to magnetostatic, ferromagnetic, and magnetocrystalline
interactions, and gives rise to the following equation of
motion1,2

]h~r ,t !

]t
5H2kh̄1n0¹2h~r ,t !

1E d2r 8K~r2r 8!@h~r 8!2h~r !#1h~r ,h!,

~1!

where all the unnecessary factors have been absorbed in the
definitions of parameters. HereH is the applied field,k is the
demagnetizing factor andh̄[*d2r 8h(r 8,t)/V, n0 is the sur-
face tension of the wall,K is the kernel due to dipolar inter-
actions given by

K~r2r 8!5
m0Ms

2

2pur2r 8u3S 11
3~x2x8!2

ur2r 8u2 D , ~2!

and h(r ,h) is a Gaussian uncorrelated random field taking
into account all the possible effects of dislocations, residual
stress, and nonmagnetic inclusions.

Whenk50, Eq. ~1! displays a depinning transition as a
function of the field and the corresponding critical exponents
can be obtained with renormalization group methods.7,8 For
k.0, which corresponds to the experiments we are describ-
ing here, the domain wall displays a steady motionaround
the depinning transition.6 For low driving ratesdH/dt, the
velocity of the wall shows avalanches whose distributions
are characterized by the scaling laws expected close to the
depinning transition.

The upper critical dimension of Eq.~1! is dc53 so that
the dynamics can be described by a mean-field equation.1

This is the reason of the success of a mean-field phenomeno-
logical model9 to explain most of the experimental data. In
fact, the critical exponents take mean-field valuest53/2, and
a52, with a small correction at nonzero driving rates,t
53/22c/2, anda522c, wherec is a dimensionless param-a!Electronic mail: durin@omega.ien.it
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eter proportional to the driving rate, in agreement with ex-
perimental data on many different materials.2–5

These results change when the long-range kernel@Eq.
~2!# is absent and the surface tension is the most relevant
term in the equation. The upper critical dimension changes to
dc55, with critical exponents significantly lower,t51.25,
and a51.43 from renormalization group calculations,7,8,10

andt.1.3 anda.1.5 from simulations.10,11

III. EXPERIMENTAL RESULTS AND SIMULATIONS

Ribbons of a high magnetostrictive (ls546.531026)
Fe64Co21B15 amorphous alloy are prepared by planar flow
casting in air. We employ a single strip of 30 cm length
under tensile stress from 0 to 140 MPa. The applied stress
induces uniaxial anisotropies, radically changing the domain
structure. This kind of high magnetostrictive alloy shows a
typical behavior of the coercive fieldHc ~see for instance
Ref. 12!: a fast decrease ofHc up to a typical stress value
s0;10 MPa, and a roughly linear increase at high stresses.
This behavior is due to changes in the domain structure: the
quenched-in stresses dominate at low tensile stress, resulting
in a complicated pattern of maze domains. As the external

stress increases, and the uniaxial anisotropy is induced, a
simpler domain structure appears, with a few parallel do-
mains in the direction of the stress.12

The Barkhausen noise measurements are performed as
explained in Ref. 3. The visual inspection of Barkhausen
signal reveals the changes induced by the stress in the do-
main wall dynamics~Fig. 1!. The amplitude of the signal
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 amplitudev, the durationT, and the sizes ~the
area under the jump!.3,13

As in previous experiments,3,13,14the amplitude distribu-
tion is found to decay as

P~v !;v2~12c! exp~2v/v0!, ~3!

with a cutoff v0 increasing with the stress, and scaling as
v0;s0.5 ~Fig. 2!. Size and duration distributions are col-
lected at nearly the same value ofc50.120.2, showing ex-
ponentst;1.2860.02 ~Fig. 3!, and a;1.560.1, indepen-
dent of the applied stress, provided thats.s0 . At low
applied stress (s,s0), where the domain structure is more
complicated and the Barkhausen signal/background noise ra-
tio is reduced, it is difficult to obtain reliable estimates of the
exponents.

For s.s0 , we also measured the variations of the criti-
cal exponents with the parameterc. Unlike mean-field
theory,9 here the dependence onc is quite weak within the
fitting error bar, in agreement with the result reported for the
Perminvar.6

The cutoff of the distributions shows an intriguing be-
havior: the cutoff of the size distributions0 is nearly inde-
pendent of the stress~Fig. 3!, while the duration is progres-
sively reduced with the stress, roughly asT0;s20.5. These
results quantify the qualitative picture of the signal discussed

FIG. 1. Barkhausen signalv at different tensile stresses for the as-cast
Fe64Co21B15 amorphous alloy.

FIG. 2. Distribution of the Barkhausen signal amplitudev at different ten-
sile stresses (s510–140 MPa!. Data follows the distributionP(v)
;v2(12c)exp(2v/v0), wherec is a dimensionless parameter proportional to
the driving rate.~Inset! Dependence of the cutoffv0 on the applied stress,
showingv0;s0.5.
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above: the amplitude of the signal increases with the stress,
while avalanche durations are shorter, so that the avalanche
sizes roughly do not change with the stress.

In order to understand the experimental results, we per-
form a series of simulations of a discretized version of Eq.
~1! without the long-range kernel.6 We employ different field
driving rates and evaluate the parameterc using the ampli-
tude distributions. We observe small variations in the critical
exponents: t51.2660.042(0.1660.05)c and a51.40
60.052(0.2560.05)c, in excellent agreement with experi-
ments.

IV. DISCUSSION

The critical exponents of the experimental Barkhausen
signal in a magnetostrictive sample under stress are in agree-
ment with the results of our simulations and those previously
reported,6,11 neglecting dipolar interaction in the equation of
motion. This implies that simple domain structures with a
few straight domains, spanning from end to end, as those
induced by tensile stress, are well described by the univer-
sality class of the equation with elastic surface tension. This
observation provides an interesting experimental case where
accurate results can be compared with statistical theories of
interface depinning.

In general terms, if we believe that Eq.~1! describes all
the essential elements of the domain wall dynamics, we ex-
pect that the experimental results will belong to one of the
two universality classes considered above. In general, it is
not easy to predict it from the knowledge of the domain
structure of a sample, and its magnetic or thermal treatment.
However, we can estimate the relative weights of the dipolar
and elastic energies and obtain a rough classification of the
results that can be observed in different materials.

Roughly speaking, the energy associated to the ‘‘elas-
tic’’ tension of the wall isEel;n0S, whereS is the area of
domain wall, while the magnetostatic energy is of the order
of Ems;m0Ms

2k* V, wherek* is the demagnetizing factor

associated with the region of volumeV where magnetic
charges appear.15 As a first approximation, we can takeV
5Sdw , where dw is the domain wall width. Sincen0

;AAK and dw;AA/K, whereA is the exchange constant
and K the anisotropy constant, the ratio between the two
terms is of the order ofr[Eel /Ems;1026 K/k* , since
moMs;1 T. The factork* cannot be easily evaluated, be-
cause it strongly depends on the spatial distribution of the
charges. It vanishes for a perfectly rigid wall and is of order
1 for a large bending of the wall. In general, considering only
a small bending of the surface, we can estimatek* ;1022,
which correspond to length/width ratio of the order of 10 or
more, givingr;1024 K. In soft amorphous alloys as the one
we employ in our experiments, the average anisotropy con-
stant ^K& is of the order of 200 J/m3, 12 so thatr !1, and
magnetostatic effects prevail.2,14 Under applied stress, the
induced anisotropy (Ks;3/2lss), and the reduced value of
k* , yield r>1, so that the surface tension becomes domi-
nant. A similar effect could also explain the experimental
results on Perminvar,6 a material with a low permeability
value ~;250! consistent with a quite high value ofK;104

2105.
In principle, it should be possible to observe the transi-

tion between the two universality classes changing the in-
duced anisotropy in an amorphous alloy. Our results do not
definitely prove it, since the exponents at low stress have
quite large error bars. Experiments on other amorphous al-
loys are in progress to confirm this hypothesis. Finally, we
are currently working to understand quantitatively the scal-
ing of the cutoff of the distributions with the applied stress.
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