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Temperature effect on domain-wall damping in an amorphous alloy
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The temperature dependence of the viscous damping parameter P, restoring constant o, , and propagation
field Hz have been measured in ferromagnetic amorphous ribbons. %'e have observed that there is a

linear dependence of P on (p, aM, )2/p up to T= 0.9T, and that n is proportional to (p,aM, )2. From these

data, it is possible to estimate the eddy-current (Pe) and relaxation (Pz) contributions to P separately. It

is further inferred that the number of domain walls and the magnetic pole distribution in the sample do
not change up to T= 0.9T,.

INTRODUCTION

Domain-wall motion, under an external field, is con-
trolled by the parameters o. and p. The viscous damping
parameter p is due to eddy-current and relaxation effects,
the observed p being the sum p=pe+ps. The restoring
constant ~ is related to the potential-energy minimum in

which the wall is located, and two terms must be con-
sidered: o.~, due to magnetostatic energy, and o.D due to
crystal imperfections such as microstresses or inclusions. '

Samples with simple domain structures are suitable for
obtaining micromagnetic information. Single crystals and
amorphous alloys meet this requirement, and have been
studied extensively under various experimental configura-
tions. 2 8

We have studied Bloch wall motion in Fe4ONi4qP~486

(Metglas 2826) amorphous ribbons, since its high resistivity

(p = 1.66x 10 6 0 m), 9 and its thickness (e = 45 p, m)
make both kinds of damping effective. Some authors have
obtained data from measurements on Metglas 2826, but
have disagreed about the relative values of pE and pg. For
example, O'Handleytc has obtained p=5 kgm 's ' and

PE/P~ = 1, while Williams and Bishop, 6 and Eifrig, Grosse-
Nobis, and Jansen7 have obtained PE-—12.6 kg m 2 s ' and

P~—- 3 kgm 2s

In this work, we have used an experimental procedure
that enables us to measure the dependence of the parame-
ters p and n on temperature. From these measurements,

PE and Ps are estimated separately, avoiding the generally
used method of subtracting the evaluated eddy-current
damping pE= C (paM, )2/p (Refs. 1 and 2) from the mea-
sured parameter p in order to arrive at a value for p„. The
calculation of pE is not easy because the constant C depends
on the shape of the pro'pagating domain wall. From our
measurements, C can be evaluated experimentally.

EXPERIMENTAL METHODS

The equation of motion for a 180' domain wall, under the
action of an ac magnetic field of amplitude H2 and frequen-

cy (cu/2m), is

p +nx=2p, aM, H2sin(cut)6k
dt

~here the wall mass is neglected. Assuming that o. does not
depend on t or x, the emf O' = 8'ocos(cot —P) induced by
domain-wall motion in a sense coil with n turns is

4n(paM, ) H2ecu

(~2+ p2~2)1/2

We have obtained u and p by measuring I'a as a function
of H2 and co, at different temperatures.

Measurements were made on 6- and 8-cm-long samples
of Fe4oNi4OPq486 amorphous ribbons. To reduce perpendicu-
lar anisotropy and to get an almost homogeneous anisotropy
in the ribbon, the samples were preannealed at 300'C for
1.5 h and cooled at 5'C/min rate. We ensured that o. does
not depend on x or t by using samples short enough to get
n~&&o.D(x, t) The de.magnetizing factor in amorphous
ribbons is N=8.0&&10 2(l/d) '7," where l and d are the
length and width of the sample, respectively. With a satura-
tion magnetization (pcM, ) =0.7 T, d=1.2 mm, l& =6 cm,
and I~ = 8 cm, the demagnetizing field in the saturated sam-

ples are calculated as H~~q~ = 47.6 A m ' and H~~~~
= 28.6 Am ', respectively. Since o.D is related to the coer-
cive field (H, = 1 A m ') and n~ is related to H~,
o.'~ && o.'g) is expected.

Each sample, surrounded by the sense coil, was placed in
a silicon oil bath to avoid oxidation during heating. Due to
the short sample lengths used, it was easy to get a uniform
temperature. A 200-MPa tensile stress was applied to the
samples in order to get a longitudinal domain wall. '

A system of Helmholtz coils provided a magnetic field
H,= Ht+ H2, with Ht = H~ at a frequency ft = 0.1 Hz; the
amplitude of Hq ranged from 0 to 1.9 Am ', and its fre-
quency ai/(2m) from 20 to 6000 Hz. In this way, the
domain wall is being "shaken" by an ac field, while it is dis-
placed very slowly, from one edge of the sample to the oth-
er. The H2 field amplitude is not high enough to nucleate
other walls.
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FIG. 1. Block diagram of the experimental setup. FIG. 3. ( I'p, H2)„curves at T=80'C (i=6 cm, n=156).

The emf 8',, induced by wall shaking, is measured using a
lock-in amplifier, locked with the field H2. By switching A,
we can plot the lock-in output N'0 vs Hi or H2, in the XY
register (Fig. 1).

Figure 2 shows the output 8',
p vs Ht. At ~Ht~ ( ~HN~,

the induced emf is nearly constant, except for fluctuations
i'elated to o.D. Measurements were made by choosing a
lock-in time constant greater than I/ft. In this way, the
mean value of 8'0 when Hi was changing from —H~ to
+Hjy, (gp) is obtained, for a constant value of H2. For
different values of H2 and co, curves similar to Fig. 3 were
obtained.

cx and I8, the respective average values of the parameters
n and P, can be determined from these curves. In our

method, a =o.~. At low frequencies, 5'0 is related to a by
N'p = 4n (p, pM, )2H2erd/n; and at high frequencies, p is

determined from 8'p=4n(/2, pM, ) H2e/p [see Eq. (I)].
Figure 3 is a plot of 8'0 vs H2. In all the curves in this

figure, experimental points can be fitted to straight lines
that intercept the H2 axis at H~. The discrepancy between
experimental results and Eq. (1) is due to the assumption in
Eq. (1) that the domain wall will displace at any field. As is
well known, a domain wall does not move under an external
field until it reaches a critical value known as the propaga-
tion field H~. Therefore, the g p value of Eq. (1) must be
rewritten as

4n(tu, pM ) (H2 —Hj, )eru

(~2+ p 2 2 )1/2

RESULTS AND DISCUSSION

H& fAQX

Curves like Fig. 3 have been obtained for 8- and 6-cm-
long samples in a temperature range from 25 to 230'C.
From them, we get that the H~ value decreases linearly with
temperature (Fig. 4) from 0.6 Am ' at 25'C to 0.1 Am
at 230'C. The H~ temperature dependence can be ex-
plained on the basis that the thermal agitation effect is simi-
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FIG. 2. (a) I'p vs Ht (experimental curve). The I'p value is in-

dicated. (b) Schematic hysteresis loop. FIG. 4. Temperature influence on the propagation field H&.
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FIG. 5. Theoretical curves (solid lines) and experimental points

(circles): g'p/(H2 —Hv) vs cu/2m (~: l =8 cm, n =191; 0: I =6
cm, n = 156).

lar to a random high-frequency ac field which, when added
to the applied field, makes domain-wall propagation easier.

The slopes 5'p/(H2 —H~) of the straight lines of Fig. 3
were plotted versus co, obtaining the data points in Fig. 5.
These data enable us to get the average values of n and P
for the sample (n, P) by best fitting theoretical curves into
experimental points.

The parameter nN due to magnetostatic energy, is related
to the demagnetizing factor N by the expression

4p, pM2N
N

d

There is the good agreement (Fig. 6) between nz vs
(p, pM, )2, calculated from the expression above and our ex-
perimental results n vs (p, pM, )2 for 6- and 8-cm-long sam-
ples. Discrepancies between the theory and the experiment
can be attributed to errors in empirical expression of N."

As mentioned earlier, the eddy-current contribution pE to
damping parameter p is given by pE= C(ppM, ) /p. Mea-
surements were made of M, (T) and p(T) from T=25'C
to T= T, =245'C, and by plotting experimental P values
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FIG. 7. Experimental values of P at various temperatures vs cor-
responding (ppM, )2/p for 6- and 8-cm-long samples.

versus (ppM, )2/p, Fig. 7 was obtained. At temperatures
below 220'C (p, pM, =0.38 T and p=1.77 p, Q m) experi-
mental values of P can be fitted by a straight line that inter-
cepts the P axis at P=1.4 kgm 2s ', which is interpreted
as pR p(T) —pE(T)—

The origin of relaxation damping should be the same as
that of the precession motion on magnetization. Formally,
it can be expressed for materials with very large resistivity
as shown by Kittel "

Pg=grr ppX/(v 8)

where X is the relaxation frequency which appears in the
Landay-Lifshitz equation, v the gyromagnetic constant, and
5 the domain-wall thickness. As the experimental data of P
can be fitted by straight lines and P= C(ppM, )2/p+Pz it
can be inferred that P~ is constant up to T=220'C
( —0.90T,), which then seems to be consistent with results
for crystalline materials. '

From these results and 5=1.5X10 m, ' a value of
(A./v') = 2.1X 10 3 m 'A2s can be evaluated. This value is
larger than those for crystalline materials, ' due probably to
the larger thickness of the domain wall in amorphous ma-
terials.

Over. 220'C, the error of our experimental procedure in-
creases, because a~ depends on (p,pM ), and nD(x, t) is
not negligible anymore, versus o.N. It would be interesting
to obtain more precise measurements over 220'C up to T„
by using shorter samples.
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FIG. 6. Theoretical aN and experimental a vs (p,pM, ) .

CONCLUSIONS

The damping parameter P has been measured at different
temperatures, from 25 to 230'C, in Metglas 2826 ribbons
under sufficient tension to render it effectively uniaxial.
From these measurements we have obtained precise values
of both kinds of damping parameters: pE and p~. At room
temperature we get pE=12.8 kgm s and p~
=1.4 kgm s ', values which are in good agreement with
those obtained by a quite different method. From mea-
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surements of P at different temperatures, it has been de-
duced that the constant C in PE= C(pcM, )2/p is not tem-
perature dependent, which implies that the shape of the
propagating domain wall does not change appreciably when
temperature increases up to T= T, .

The experimental value of C obtained by us, C=0.96e
where e=45 p, m, is higher than the theoretical value ob-
tained for a simple domain wall C=0.54e in Ref. 2. This
can be due to the fact that in the theoretical calculation of
C, the domain-wall thickness was neglected. Besides,

roughness of the ribbon affects the evaluation of p, oM„and
thus also affects the obtained value for the constant C.

The propagation field H~ has been measured and we have
found it to decrease linearly with increasing temperature. .
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