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Anisotropic magnetoresistance ratio (AMR) was measured for binary and ternary (Fe,Co,Ni)-B amorphous
alloys over the temperature range from 77K to room temperature varying the composition systematically.
The largest AMR at room temperature was 0.45% for (Feg 35C0q.05)34Bs alloy, which is smaller by about one
order in magnitude than those in crystalline binary transition metal alloys. It was found that AMR in Co-Ni-
B alloys exhibits a maximum similar to crystalline Co-Ni alloys. The maximum values were obtained for the
alloys having magnetic moment of 0.56u 5 regardless of composition, meaning that the rigid band model is
applicable to the anisotropic magnetoresistance in Co-Ni-B amorphous alloys.

PACS numbers: 75.50.Kj, 72.15.Gd

INTRODUCTION

In recent years, many investigations have been made
on the galvanomagnetic effects in transition metal-met-
alloid amorphous alloys. Butorily a few papersl_" are on
the anisotropic magnetoresistance effect. It is well
known in the crystalline Ni based alloys that the aniso-
tropic magnetoresistance ratio(AMR) exhibits a maximum
for the alloy having a magnetic moment of 0.91135. On the
other hand, it has been reportedl that AMR in amorphous
(Fe,Co)-Si,B and (Fe,Ni)-Si,B alloys does not show such
maximum for the alloy having amagnetic moment of 0.9up.
But AMR in (Co,Ni) based amorphous alloys has not yet
been measured. ’

In the present work, we measured AMR of binary and

ternary (Fe,Co,Ni)-B amorphous alloys varying composi-
tion systematically to obtain the large AMR in amorphous
alloys, and examined a relation between AMR and magnetic
moment for ternary (Co,Ni)-B amorphous alloys.

EXPERIMENTAL

Binary and ternary (Fe,Co,Ni)-B amorphous samples
in ribbon form were prepared by rapid quenching from the
melt using iron or copper roller as a substrate. The
cross sectional dimensions of the samples were typically
20um x lmm. To check the amorphous structure in the pre-
pared samples, X-ray diffraction data were used. For Ni
rich (Fe,Ni)-B and (Co,Ni)-B alloys, thermomagnetization
curves were also measured to confirm the absence of fine
magnetic crystallites which can not be detected by X-ray
diffraction. Anisotropic magnetéresistance ratio (AMR)
defined as (p,- p;)/p, was measured by a dc four-probe
method, where p, and p, are the resistivities when the
magnetization is lined up parallel and perpendicular to
the ribbon axis, respectively. Measurements were made
on 4cm long sample with pressed contacts over the tem-
perature range from 77K to room temperature. The elec-
tric current along the ribbon axis and the maximum
external field, which was applied parallel and perpen-
dicular to the ribbon axis, were 80mA and 4KOe, respec-
tively.

RESULTS AND DISCUSSION
A. Binary Fe-B and Co-B alloys

Fig.l shows the temperature dependence of the
anisotropic magnetoresistance ratio(AMR) for some Fe-B
and Co-B amorphous alloys. Values of AMR are normalized
with respect to those obtained by simple extrapolation
toward OK. It is noted that AMR vs. temperature curves
show boron content dependence. AMR of Feg4Bjg is more
sensitive to temperature than that of Fe77Bz3. While in
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Co-B alloys, this tendency is in the opposite sense
against boron content.

Fig.2 shows AMR at 77K and at room temperature in
Fepgo-xBx 2and Cojgq.xBy alloys as a function of boron
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Fig.l Reduced Ap/p vs. temperature curves for binary
Fe-B and Co-B amorphous alloys.
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Fig.2 -Compositional dependence of Ap/p,in amorphous
Fe100-xBx and Co0100-xBx amorphous alloys.
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Table I Comparison of anisotropic magnetoresistance
ratio between binary amorphous alloys and

crystalline elements.

Ap/p (%) op(uQ-cm) T(K)
Cog3B17 0.11 120 77
FegyBig 0.73 150 77
Co [6] 1.9 13.0 300
Fe (7] 0.2 0.64 77

content X. AMR at 77K in both alloy systems are positive
and decrease monotonically with increasing X, while AMR
at room temperature in Fe-B alloys takes a broad peak
near X=18. This is a result of the decreased Curie tem-
perature and stronger temperature dependence of AMR in
Fe-B alloys with low boron content as is shown in Fig.l.
Typical values at 77K are compared with those in crys-
talline Co® and Fe’ in Table 1. AMR in Co-B alloy is
smaller than that in crystalline Co, which is considered
to be related to the higher electrical resistivity in
the amorphous alloy. But AMR in Fe-B alloy is larger
than that in crystalline Fe despite its higher electri-
cal resistivity. It is also found that AMR in Fe7gB32
and Co7gByy are larger than the reported values for
FeygSijgB12 and Co7gSijgB12 alloys' containing the same
amount of metalloid, from which it can be estimated that
boron is more effective than silicon to increase AMR.

B. Ternary Fe-Co-B and Fe-Ni-B alloys

In Fig.3 are shown the reduced AMR vs. temperature
curves for ternary Fe-Co-B and Fe-Ni-B alloys. It is to
be noted that the substitution of Fewith Co or Ni causes
AMR in Fe-B to be more stable against temperature. But
the excessive substitution of Fe with Ni causes a
rather rapid decrease in AMRwith increasing temperature
as is shown in the figure. AMR decreases nearly linearly
with temperature. Thus alloying small amounts of Co or
Ni improves the temperature dependence of AMR in Fe-B,
but it also.causes AMR at 77K to decrease as shown in
Fig.4 and Fig.5 for (Fel-xcox)IOO—yB and
(Fey.xNix)100-yBy alloys, respectively. It is to be noted
that AMR at 77K in both alloy systems decreases steeply
with increasing X up to arround X=0.4, beyond which the
changes in AMR are relatively small. It is also seen
‘that AMR in Fe-Ni-B alloys are larger than those in
Fe-Co-B alloys in the range of X smaller than 0.8. Near
this value of X, the Curie temperatures in Fe-Ni-B
alloys are low(less than 300K).

On the other hand, AMR at room temperature in both
allay systems with lower boron content shows a maximum
near X=0.05, which is attributable to the improved tem-
perature dependence of AMR and to. the increase in- Curie
temperature by alloying Co or Ni. The largest value of
AMR at room temperature in the present alloys is 0.45%
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Fig.3 Reduced Ap/p_lvs. temperature curves for binary
and ternary (Fe,Co,Ni)-B amorphous alloys.
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Fig.4 Compositional dependence of Ap/p, in amorphous
(Fej-xCox)100-yBy alloys.
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Fig.5 Compositional dependence of Ap/plin amorphous
(Fej-xNix)100-yBy alloys.

for (Feq 95C0g. gs5)gqBle alloy. This value is about 10%
larger than the peak value of 0.40% in Fe-B alloys.When
the ferromagnetic alloy is used in a magnetoresistance
effect device, the output signal is proportional to the
product of Ap and electric current, which is also pro-
portional to 1//p under the condition of constant power
dissipation, so that Ap//f is a reasonable figure of
merit(FM) rather than Ap. If we assume the FM for crys-
talline Ni70C030s having AMR of 6.6% to be unity, FM
for the present Fe-Co-B alloy is evaluated to be about
0.3. Thus the figure of merit of the amorphous alloys
is low.

C. Ternary Co-Ni-B alloys.

Reduced AMR vs. temperature curves for ternary
Co-Ni-B alloys are shown in Fig.6. It can be seen that
the substitution of Co with Ni makes the AMR more tem-
perature sensitive similar to Ni in Fe-Ni-B alloys. AMR
decreases nearly linearly with increasing temperature
in the temperature range shown. From these linear de-
pendences of AMR, values at OK were evaluated simply.

The compositional variations of AMR in
(Cop_xNiy)100-yBy alloys are shown in Fig.7 as a func-
tion of X for =19 and 23, Semi-open circles are for
partially crystallized alloys. It is to be noted that
AMR shows a maximum similar to that in crystalline

Magnetism & Magnetic Materials-1980 2203



alloys. But the peak values at room temperature are
smaller than that in Fe-Co-B alloys. It is also seen
that X where AMR exhibits a maximum sifts toward larger
value with decreasing temperature or with decreasing Y.
This value of X for fully amorphous (Coj_xNix)77B23
alloys is 0.6 at 0K, and is evaluated to be about 0.7
for (Coj-xNix)81B19 alloys assuming the crystallization
rises AMR due to the decreased resistivity. These values
of X are small compared to that in crystalline
Cog,oNig_g® having the peak value of AMR. .

In the crystalline Fe-Ni and Co-Ni alloys, the
maximum AMR is obtained for the alloy having the magne-
tic moment of 0.9up. Near the composition of this alloy,
saturatin magnetostrictions Ay and spontaneous Hall co-
efficients Rg change their signs. These phenomena have
been reported to be based on a commom physical origin,
spin-orbit interaction®’?, Recently, 0'Hand1ey1° has
applied split band model developed by Berger to amor-
phous Fe-Ni-B alloys, and shown that the charge trans-
fer from boron to the transition metal 3d band causes
the composition with Ag=0 and Rg=0 to shift from the
crystalline composition toward Ni rich side. However,
the direction of shift in maximum AMR composition for
the present Co-Ni-B alloys with increasing boron content
is in the opposite sense to that expected by split band
model. It is supposed that a commom band is_formed in
Co-Ni-B alloys as well as crystalline Co-Ni'! alloys.

Fig.9 shows compositional variations of the magne-
tic moment p and the saturation magnetostriction ks in
Co-Ni-B alloys. Ag were determined from the tensile

stress dependence of anisotropy field!? at room tempera--

ture. The value of u of (Cog 4Nig g)77B23 alloy is
0.56up. This value is nearly equal to 0.55upobtained by
extrapolation for (Cog zNip 7)g1B1g alloy. This means
that the rigid band model is applicable to the aniso-
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Fig.6 Reduced Ap/p,vs. temperature curves for ternary
(Coj_xNix)100-yBy amorphous alloys.
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Fig.7 Compositional dependence of Ap/p*in amorphous
(Col_xNix)loo_yByalloys.
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Fig.8 Compositional dependence of magneti moment
and magnetostriction Ag in (Co1-xNix)100-yBy
amorphous alloys.

tropic magnetoresistance in Co-Ni-B amorphous alloys.
But the value of p in the present Co-Ni-B alloys is
smaller than 0.9up in the crystalline alloys.

On the other hand, Ag in (Coj_xNiy)77B23 is nega-
tive. Its absolute value decreases rapidly beyond X=0.4.
Ag at X=0.6 is small(-2.3x 107%). Thus the peak of AMR
in amorphous Co-Ni-B alloys is associated with the small
magnetostriction. While large AMR in Fe-Ni-B alloys is
obtained for Fe rich alloy having large magnetostric-
tion. The reason of this is not clear.

TONCLUSION

The largest anisotropic magnetoresistance ratio
(AMR) at room temperature was 0.45% for
(Feg.95C0g.05)84B16 alloy, but its figure of merit is
lower compared to that in crystalline binary transition
metal alloys. AMR in Co-Ni-B amorphous alloys exhibits
a maximum, which is obtained for the alloy having mag-
netic moment of about 0.56ug. This means that the rigid
band model is applicable to the anisotropic magnetore-
sistance effect in (Co,Ni) based amorphous alloys.
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