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Tensile-stress dependence of magnetostriction in multilayers of amorphous ribbons
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It is well known that the saturation magnetostriction A in nearly nonmagnetostrictive amorphous
ribbons decreases with applied stress at a typical rate of 107! MPa~'. In this report we show by
means of a simple experiment that a similar behavior is observed in samples constructed by piling
up ribbons with high magnetostriction and opposite sign. A simple calculation points out that the
strength of the stress dependence is governed by fluctuations in A. It is concluded that zero magne-
tostriction may be reasonably achieved in Co-rich metallic glasses as a result of the coexistence of

different magnetostrictive phases.

I. INTRODUCTION

Since 1986 it has been well established!~* that satura-
tion magnetostriction in metallic glasses depends on the
applied tensile stress 0. The phenomenon was observed
in very low-magnetostrictive metallic glasses by using in-
direct methods which enhance sensitivity up to values of
A of 107°. According to independent experiments report-
ed in Refs. 1-3 as well as subsequent reports,*> the ex-
perimental saturation magnetostriction behaves as

AFPE=2(0)— 40 , (1)

where A(0) is the experimental value of A at 0 =0, and 4
is a coefficient which ranges from 1 to 6X 107! MPa ™!
for the experiments reported.! >

It is observed that, in those samples with A(0), small
but positive (1077) APt evolves towards negative values
as o increases. According to Eq. (1), A*P" vanishes for
o =A(0)/A. This change in the magnetostriction sign is
easily observed by monitoring the evolution of the hys-
tersis loop as a function of the applied tensile stress. At
low stress the magnetization increases with stress up to a
critical value of the stress, after which a small increase in
stress does not affect the magnetization. For higher
values of the stress, the magnetization decreases as the
stress rises.

Different microscopic mechanisms have been invoked
to account for the stress dependence of A*P', The induc-
tion of topological structural anisotropy® or rotation of
the local easy axes’ by the strain have been shown to con-
tribute to the magnetic anisotropy and consequently to
the value of A. There is a simple explanation of the stress
dependence of AP, Hernando® has recently analyzed
the behavior of A“*P'; obtained by the small-angle magne-
tization rotation method, for a sample composed of two
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magnetostrictive phases. When the local magnetostric-
tion fluctuates with a correlation length larger than the
exchange correlation length, A®*P' varies with the stress.
This variation becomes noticeable when the average A is
nearly zero. It is the aim of this report to show, by
means of a simple experiment, that the coexistence of
different magnetostrictive phases or spacial fluctuations
of local A values with large correlation lengths is a quite
reasonable explanation of the behavior described in Eq.
(1).

II. INFLUENCE OF THE TENSILE STRESS
ON THE MAGNETIZATION

Consider a magnetostrictive ribbon subjected to a lon-
gitudinal magnetic field H > H*, H* being the field at the
knee of the magnetization curve. Under this condition
the action of a longitudinal tensile stress o can be depict-
ed by means of the effective field 3A0 /uoM,. The deriva-
tive of the longitudinal magnetization with respect to the
stress can be written as a function of both H and o as

daM _ 3o | 3
do HoM, | poM, ’

where Y is the differential susceptibility at the effective
field H.s=H+3\o /uoM, which is greater than H*.
Since y is positive everywhere, the sign of dM /do coin-
cides with the sign of A. As in some metallic glasses
which exhibit positive A at low o, further increments of o
produce a sign shift of dM /do; this was interpreted as
evidence of a change in the sign of A. This conclusion is
not necessarily correct when the sample is composed of
regions with different A. In this case the macroscopic
value of dM /d o can be expressed as the average value of
the local contributions which, according to Eq. (2), can
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be written as

Ao 3A ®
+ S b,0", (3)
lu‘OMS :u'()MS nél

where A is the average magnetostriction and b, is given
by

dM _
do

n+1

3 [ =) +1] ()

KoM

X" is the nth derivative of y at H and A" *! is the average
value of A” "1 calculated over the total number of phases
with different A.

Notice that, by determining (dM /do),, an experimen-
tal value of A, A*P(g) can be inferred from y(H):

1M, [

b, =4

" !

' am

do

3ASXPY0)o
+ —_—
HoM,

When A is uniform everywhere, Eq. (5) leads through Eq.
(2) to

AP (g )=APH0)=A . (6)

AP (g )= X |H (5)

3

o

However, when A fluctuates, Eq. (5) leads through Eq. (3)
to

AexP‘(a)=ke*p‘(O)+2 Ano™ (7)
where
ASXPH0) =X
and
3Ao
An=b,/x |H+ . (8)
HoM

Consequently, a sample with different magnetostriction
phases behaves at =0 as a single-phased one with
ASPY(0)=A. However, as o increases and considering
only the first-order expansion, Eq. (6) leads to

AP g )=APH0)+ 4,0 , 9)
where
’ 2
= 3x'(H)OA (10)
poM X (H)

with 8A=A—A. Note that A4, is strictly negative since x’
is negative everywhere above the knee of the magnetiza-
tion curve. A, is also field dependent through the ratio
x'(H)/x(H).

It can be concluded that A*P* obtained from magneto-
elastic effects can be expressed by two terms, the average
A and the expansion in increasing powers of o for which
the nth coefficient is related to the (n +1)th moment of A
distribution. A more detailed calculation of Egs. (3) and
(7) is shown in the Appendix.

III. EXPERIMENT

In order to illustrate the stress dependence of the mag-
netostriction as described by Eq. (7), a simple experiment
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was carried out. Two ribbons, labeled samples 1 and 2,
respectively, with opposite signs of magnetostriction,
were soldered at their free ends to form a single sample
with a 0.3-mm? cross-sectional area. Sample 1 was Met-
glass 2826 from Allied Corp. with pM,=0.75 T,
A, =1.2X107° Young’s modulus Y,=96 GPa, 0.18-
mm? cross-sectional area, and 15 cm in length. Sample 2
was Co45Si;sB,o melt spun in our laboratory with a
oM, =0.75 T, A,=—2X10"%, Y,=150 GPa, 0.12-mm?
cross section, and 15 cm in length. Initially, an experi-
mental study was carried out on both samples separately.

Figure 1 shows the magnetization curve, above its
knee, for samples 1 and 2. The stress dependence of the
magnetization is illustrated in Fig. 2, for H=810 Am™'.
Notice that, according to Eq. (2), dM /d o is always posi-
tive for sample 1 and its absolute value decreases as o in-
creases. This behavior is due to the fact that y decreases
as H increases and for positive A, the effective field in-
creases with . For sample 2, dM /d o is negative but its
absolute value increases as o does. Since the effective
field decreases as o rises, the susceptibility in Eq. (2) in-
creases with 0. The stress dependence of dM /d o is plot-
ted for both samples in Fig. 3. The average value of the
curves shown in Fig. 2 has been drawn in Fig. 4. Notice
that, at 0 =0, the average magnetization increases as o
does, but subsequently it remains constant and finally de-
creases for further increments of .

Finally, Fig. 5 shows the stress dependence of the mag-
netization for the single sample composed of both rib-
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FIG. 1. Magnetization curves. Curves 1 and 2 correspond to
sample 1, Metglas 2826, and sample 2, Co,5Si;sB,, ribbon, re-
spectively.
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bons. As was expected, the difference between the curve
plotted in Fig. 4 and that plotted in Fig. 5 comes from
slight changes in the scale of the o axis as a consequence
of the different Young modulus of both samples. This
difference is smoothed by the different cross-sectional
areas (see the Appendix).

By taking into account the experimental values at
H=810 Am~!, =120 and (dM/do),-,=3.1X107"
Am~'Pa”!, Eq. (2) leads to A*P(0)=6.2X 10" This
value agrees with the average A of both ribbons,

A S, +A,S,
(S,+5,)

=6.4X107°,

with S, and S, being the respective cross-sectional areas.
The expected value of A, at the same field H=2810
A m ™! should be evaluated by considering the experimen-
tal ¥Y=—0.3 (Am 1)7! and (A—A)?=5.1x10"1,
Then it is obtained that 4,=—6X10"'> Pa~!. There-
fore, the critical stress o, for which A**P(o.)=0 is of the
order 10 MPa.

As can be observed in Fig. 5, o, rises as H increases.
This fact is also predicted from the field dependence of
A,. According to this dependence and considering Eq.
(8), it can be written

4,
o (H+AH)=o0 (H) 1“7AH , (11)
1
— =% (1)
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FIG. 2. Magnetization values vs applied tensile stress.

Curves 1 and 2 correspond to samples 1 and 2, respectively.
The longitudinal field was 810 A/m.
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FIG. 3. AM /Ao as a function of the applied tensile stress for
samples 1 and 2. The measurements were performed when the
samples were subjected to a longitudinal field of 810 A/m.
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FIG. 4. Average values of the curves plotted in Fig. 2.



6474

E

<

°

- IR ®+-0(d) 3040 A’

O A,

— —a T T T bl

< P —a(c)1020 A"

N "

= L6614

b Lo e

S g ok Y

g tes ~x(b)H= 810 Ans’
404

/\(q ) H-= 347 AR

344

STRESS 0 (MPa)

FIG. 5. Magnetization curves as a function of applied tensile
stress for different magnitudes of the longitudinal applied field.
Curves a, b, ¢, and d correspond to H =347, 810, 1020, and 3040
A/m, respectively.

where A1 is the field derivate of A4, at H. Since A, is
negative and A | is positive, o, increases for positive AH.

IV. CONCLUSION

It has been shown that stress dependence of experimen-
tal magnetostriction originated by fluctuations of the lo-
cal magnetostriction values is rather similar to the one
observed in low-magnetostriction metallic glasses. Par-
ticularly, the field dependence of the stress derivative of
magnetostriction A4, is in good agreement with previous
results obtained in Co-rich alloys.’

The experiments reported in this work, as well as the
calculations performed, tend to support the idea that zero
magnetostriction in Co-rich metallic glasses is achieved
by counterbalance among different local values of A.

The basis of this conclusion is enhanced by considering
the following two well-established aspects for Co-rich al-
loys. The anomalous thermal dependence of the magne-
tostriction in nearly zero-magnetostriction Co-rich alloys
has been explained as a consequence of two contributions
with different signs.'®!! The influence of either the an-
nealing or the fabrication parameter on magnetostriction
and anisotropy has been explained as being caused by the
existence of different amorphous phases characterized by
different local order.!>-'* Therefore, the stress depen-
dence of magnetization can be envisaged as an evidence
of the inhomogeneous local distribution of the two con-
tributions to magnetostriction, presumably associated
with the coexistence of different phases.
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APPENDIX

Consider different magnetic phases with susceptibilities
X;> volume V;, Young’s moduli Y;, saturation magnetiza-
tion M!”, and magnetostriction constants A;. In this
case,

M 3 ) H RN, (A1)
g =
where
3A,
Ar= a2
s
and
Y

32

It has been assumed that, under external applied stress,
all phases undergo the same strain so that

Y,

i
o o=y,0 .
]

'=2Y

A Taylor expansion of x; at H then allows us to write the

average given in Eq. (12) as
dM _ & Seanriv o
do T 2 XN

n=1

(A2)

By writing A¥ =A% —8A%, x/=x"—8A!, and y, =7 —8y,,
the average procedure yields (a) n =0,

dM

E—z?ﬁ:yﬁ +8A,0AF (A3)
o
and (b)n =1,

%=f"'}»—*2—}7)?'5(x3)+y5)('7»*2

—X'8(A*)8y —8x,:8(As2)8y; .

By assuming the correlation terms to be negligible in
comparison to the average and fluctuation terms, it is
found that
am =yA* +y)(’)\_*26+yx’(<ﬁ)2 .
do
Equation (15) leads through Eq. (2) to the following value
of AS*P":

(A4)

ATP=2(0)+ 4,0, (A5)
where
_ 3x(8A*)?
U poMox(H)
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