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The magnetoresistivity (both longitudinal and transverse) and high-field magnetic suscep-

tibility phf measurements have been performed on the glassy alloy series Fe,Nisp B20 and

Fe,Nigp P~4B6 (10&x &80 at. %) at 4.2 K in fields up to 7 and 15 kOe, respectively.
While the split-band model fails to account for the present results, the observed composition
dependence of the spontaneous resistivity anisotropy (SRA) finds a straightforward explana-
tion in terms of the two-current conduction model. Based on this model, the composition
dependence of spin-up p, and spin-down p, residual resistivities has been computed. The
computed variation of pt and p, with composition is shown to provide conclusive evidence
not only for a transition from weak to strong ferromagnetism at a concentration x=60
at. % in the amorphous Fe,Niso, P&4B6 alloy series, but also for weak ferromagnetism in

Fe Niso B20 glasses in the entire composition range. The difference in the ferromagnetic
behavior of the two amorphous alloy series studied here has been explained by taking into
account the charge transfer from the metalloid atoms to the transition-metal d bands.
These observations are further supported by the pqf data. Furthermore, it is shown that no
direct correlation exists between SRA and the saturation magnetization.

I. INTRODUCTION

Considerable interest devoted recently to the study
of galvanomagnetic properties of amorphous
transition-metal —metalloid (TM-M) alloys stems
from the fact that such studies give a lot of useful
information about the electronic structure of these
alloys. One of the most informative tools among
these properties is the spontaneous resistivity aniso-
tropy (SRA) defined by hp, /po ——(p~ ~,

—pq, )/po, '

where po is the electrical resistivity in zero internal
magnetic field (H;„,}, and p~~, and pq, are the longi-
tudinal and transverse magnetoresistivities extrapo-
lated to Hint =Hext Hdemag =0 respectively, '

Hext is
the external magnetic field and Hd, ,~ is the demag-
netizing field which depends on the dimensions of
the sample and its orientation with respect to H,„,.
Compared to the amount of data taken on the gal-
vanomagnetic coefficients such as electrical resistivi-
ty and the Hall effect, relatively few data have been
reported' on the SRA of amorphous TM-M al-
loys. Almost all the experimental efforts made so
far have centered around an expression for the SRA
in terms of the spontaneous magnetization of the
type hp, /po ——AP", where p is the average saturation
magnetic moment per TM atom, and A and n are
constants. However, values of n ranging from 1—8

(Refs. 2 and 4—6) have been obtained from the data
taken on different alloy systems at different tern-

peratures, an observation which implies that such a
relation between SRA and p, is of little physical sig-
nificance. No attempts have been made until now to
ascertain which of the existing theories correctly de-

scribes the experimental results on SRA of amor-

phous ferromagnetic alloys.
With this aim in mind, a detailed investigation of

SRA on amorphous (Fe-Ni)soB2o and (Fe-Ni}soP&4B6
alloy series was undertaken. The results of such a
study are presented and discussed in terms of vari-
ous theoretical models. It is shown that the split-
band (SB) model, which could provide a satisfactory
explanation for the observed composition depen-
dence of linear saturation magnetostriction A,„spon-
taneous Hall effect R„and the coefficient of the
electronic specific heat y in these metallic glasses,
fails to account for the present observations. By
comparison, the two-current conduction (TCC)
model provides not only a straightforward explana-
tion for the variation of SRA with composition ob-
served in the investigated alloy series but also con-
clusive evidence for a transition from weak to strong
ferromagnetism at a concentration x=60 at. % in
amorphous Fe„Niso P]4B6 alloy series and for
weak ferromagnetism in the Fe„Niso „Bpo metallic
glass system in the entire composition range. This
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evidence is further supported by the high-field sus-
ceptibility data.

H,„, (k Oe)

2
Ix=60——3

II. EXPERIMENTAL

Amorphous alloy ribbons having cross sections in
the range (1.0—2.2) X (0.025—0.035) mm~ were
prepared by the single-roller quenching technique.
While it is possible to make all the compositions
(0 &x & 80 at. %) in the Fe„Nisp P]4B6 alloy series
in the amorphous state, the alloys with x & 20 at. %
in the Fe Nisp B2p alloy series can be obtained in
the amorphous form only when 1 at. % B is re-
placed by Si. Note that the nominal compositions x
of these alloys used throughout this work are all in
atomic percent.

A four-probe dc method was used to measure the
electrical resistivity to a relative accuracy of better
than 1 part in 10 . However, the absolute accuracy
of the resistivity measurements was as low as 4%
because of the large uncertainty in the measurement
of the ribbon thickness. The voltage contacts con-
sisted of very thin Al wires bonded to the sample by
the ultrasonic method. The magnetoresistivity of
the amorphous ribbons was measured at 4.2 K in
magnetic fields up to 3 and 7 kOe, respectively, ap-
plied parallel and perpendicular to the long axis of
the ribbon (the current direction} in the ribbon
plane. A current value of 100 mA, maintained con-
stant to better than 1 part in 10, was passed
through the sample during the measurement period.
The temperature before and after the measurements
was monitored by a precalibrated Ge thermometer
in order to check the drift in temperature, if any.
Magnetic measurements on the samples in question
were performed at 4.2 K in fields up to 15 kOe us-

ing the Faraday method.

III. RESULTS AND DISCUSSION

The typical magnetoresistivity behavior of the in-

vestigated alloys is depicted in Fig. 1. In this figure
the magnetoresistivity versus magnetic field plots
for both longitudinal and transverse configurations
are shown for a few chosen compositions in the
amorphous Fe„Ni8p B2p alloy system. It is noted
that the longitudinal magnetoresistivity hp~~/pp is
positive while the transverse magnetoresistivity

hpz/pp is negative, and both show a tendency to-
wards saturation as the external magnetic field H,„,
increases; the technical saturation in 4p~ ~/pp is
achieved at a lower field value than that in hpz/pp.
The latter observation implies that the domain rota-
tion processes occur at lower applied magnetic fields
for the longitudinal geometry than that for the
transverse one. Moreover, the magnetic fields at
which the Ape/pp curves tend to saturate increase

10 x=70 —2x=30
x=50 —1

-10

O-

-15

-20

~80-x B20t

x=30
x = 50

-25 x=60

-30— x = 70

0 1

I I I I t

2 3 4 5 6 7

H „t (koe)

FIG. 1. Longitudinal Lpga~/pp and transverse hpj/pp
magnetoresistivities at 4.2 K as a function of the external
magnetic field H,„„for a few chosen compositions in the
amorphous alloy series Fe„Nisp B2p.

with Fe concentration x while the dy~~/pp curves do
not exhibit any systematic trend (note that Fig. 1,
which correctly represents the saturation behavior
shown by the hpq/pp vs H,„,curves for all the alloys
studied in this work, shows that hp~~/pp tends to
saturate at a field value which decreases with in-

creasing x, a trend which is not valid for all the sam-

ples in a given alloy series). The above trend could
result from the fact that the demagnetizing field

Hd, ,s 4rtNM (where N i——s the demagnetizing fac-
tor and M is the saturation magnetization at 4.2 K}
increases with increasing x for the hpz/pp case since
M increases with increasing x while N remains
roughly constant, whereas in the +~~/pp case
Hq, ,z-0 and hence even a small variation in N
leads to a change in Hd, ~ which could be much
larger than that caused by the increase in M with x.
As mentioned above, Hd, ,g-0 for the longitudinal
case so that H;„,=H,„,. For the transverse configu-
ration, Hd, ,g was estimated from the dimensions of
the samples and their corresponding values for the
saturation magnetization at 4.2 K. The values of
the demagnetizing factor so obtained range from
(1.0—1.5) )& 10 . The estimation of the quantity pp
is not straightforward since the expression
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po
——

3p~[ + —,pz, normally used in the literature

is not valid for the amorphous magnetic alloys ow-

ing to the fact that in these systems the assumption,
made to obtain the above expression for po, that a
perfectly random distribution in the orientation of
spontaneous magnetization exists, no longer holds.
For example, domain observations on amorphous
FesoBtc (Metglas 2605) have revealed that in this
alloy the easy direction of magnetization lies at an
angle of 60 with the ribbon axis lying in the plane
of the ribbon. Additional support to the above argu-
ment is provided by the observation that for the
present amorphous ferromagnets ~hpt, /pp

~»
I VII~ po I

where +II, /p, and hp„/p, values
are obtained by extrapolating the high-
field portions of the bp~~/pc vs H,„, and ripe/pp vs

H,„, curves to Hi„, 0(i.e.——, Hi„-H,„,=O for
the longitudinal case and Hd, &

——H,„, for the
transverse case), while the relation'

~(+~~, /pc)/(dpi, /pc)~=2 is obtained in case all
orientations of spontaneous magnetization are equal-
ly probable. We have taken po to equal the resistivi-
ty value at 4.2 K in absence of the field for twofold
reasons. First, the magnetoresistivity is quite small.
Second, this choice will certainly introduce less error
in the determination of SRA than that introduced
by the uncertainty in the measurements of sample
thickness.

All the alloys, with the exception of the composi-
tion Fe5cNi3pB2p (Fig. 1), exhibit a negative slope,
i.e., the resistivity decreases at high fields, above
technical saturation in both Q~~/pc and +i/pc.
The negative slope values deduced directly from the
plots similar to the ones shown in Fig. 1 by using
the relations

masks the negative contribution to magnetoresistivi-

ty resulting from the ferromagnetism in this alloy.
Although such a positive contribution to magne-
toresistivity should be present for all the alloys in
question, it is not clear as to why in this alloy only
this contribution is so large as to completely
overwhelm the negative ferromagnetic contribution.
Since the high-field slopes for a given alloy are the
same for hp~ ~/pc and Qt/pc, it is expected that this
positive contribution affects the slopes in +~~/pc
and dpi/pc to the same extent and hence will not
cause any ambiguity in determining SRA. This is
verified by the finding that SRA

+,/pc=(+~~ /pp) —(+t /pp)

values presently determined for the amorphous
Fe„Nisp B2p and Fe„Niso P&4B6 alloys conform
very well with the values at 0 K, obtained from a
study of hp, /po at different temperatures, and with
those measured at 77 K for some of the present
compositions (see Figs. 2 and 3). Thus the SRA
values reported here represent the inherent property
of the studied amorphous ferromagnetic alloys. The
composition dependence of SRA is shown in Figs. 2
and 3. Note that in Fig. 2 the data obtained on the
Ni-rich alloys, i.e., the alloys in the series
Fe„Ni8p B&9Si& with x=10, 13, and 16, present a
variation with x which joins smoothly with that ob-
served for higher values of x in the alloy series
Fe„Ni8p B2p. This observation is in conformity
with the conclusion that SRA is not influenced by

—2.5

and

[(1/pc)(ap~
~

/aH) ]= t)(lip(~ /pc) /BH

[(1/p )(t)p, /t)H)] =a(lip /p )/BH

are practically equal (to within 10%) for the longitu-
dinal and transverse cases, and range from
0.5X10 Oe ' to 2.5)(10 Qe ', values that are
in reasonable agreement with those previously re-
ported ' for some of the compositions in the present
amorphous alloy series. The negative magnetoresis-
tance observed after saturation can be explained in
terms of both localized and band models. In the
former model this effect is caused by the reduced
electron-magnon scattering as the field increases,
whereas in the latter model it is related to the slow
increase of magnetization above saturation. The
positive slope at high fields for the glassy
Fe5cNi3cB2p is due to the positive contribution' to
magnetoresistivity, arising from the Lorentz force
acting on the conduction electrons, that completely
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FIG. 2. Composition dependence of the spontaneous
resistivity anisotropy bp, /po and the high-field magnetic
susceptibility phf for Fe„Niso B2p glasses. The results on

dp, /po taken at 0 K (closed circles) and 77 K (open trian-
gles) are taken from Refs. 4 and 6, respectively.
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FIG. 4. SB model for the spin-down band of fcc Ni-Fe
alloys.
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FIG. 3. Q, /po and ghf as a function of the Fe concen-
tration ' x in the amorphous Fe Niso Pi4B6 alloys.
hp, /po values at 0 K (closed circles) and 77 K (open trian-
gles) included in this figure are taken from Refs. 4 and 6,
respectively.

replacing B by Si recently drawn by Yao et al.
from the study of SRA in amorphous Fe80B2p and
Fes+&4Sis alloys. In the following text the results
shown in Figs. 2 and 3 are discussed in the light of
SB and TCC models.

A. SB model

In crystalline Ni-Fe alloys, SRA goes through a
maximum whereas the linear saturation magneto-
striction A,, and the spontaneous Hall coefficient R,
both go to zero and change sign at approximately
the same electron concentration, " 27.70+0.05
e/atom (or Cp, =0.18, where C„, is the atomic con-
centration of Fe). Based on the SB model, which de-

scribes the spin-down 3d (3d, ) band of the binary
Ni-Fe alloy as shown in Fig. 4 [i.e., Ni and Fe have
their own 3d, bands distinct from each other on the
energy scale and that the spin-up 3d (3d, } band can
be ignored since it is full], Berger" '4 has shown
that the above-mentioned anomalies in various prop-
erties of Ni-Fe alloys occur at the alloy composition
at which the Fermi level Ez is located at the boun-
dary (the point T in Fig. 4) between Ni3d, and
Fe 3d, bands. At this critical composition, the
number of 3d holes in the alloy should equal the
number of states in the Fe 3d, band, i.e.,

5CFe 2.55CFC+0.55CN;,

with CFC+CNj 1 Equation (1) is satisfied when

CF, ——0.18, in excellent agreement with the experi-
mental observations. " A variety of experimental
data on crystalline binary Fe—X (X=Cr,Mo,
V,W,Ti,Nb) (Ref. 13} and ternary Ni-Fe-M
(M=Cr, Mo,V,Cu,W) (Refs. 12 and 14) alloys, and
the detailed coherent potential approximation calcu-
lations' on Ni-Fe alloys support the validity of this
model. Recently, the SB model has been applied by
O'Handley et al. ' ' to describe the composition
variations of the R, =A,, =0 lines in amorphous (Fe-
Co-Ni)soBpo alloys (the agreement between the ex-
perimentally observed and theoretically predicted
variation was found to be very good particularly for
the glasses on the Fe-Ni-rich side, where due to the
larger nuclear charge difference the SB model is
more applicable), and by Onn" to provide a qualita-
tive explanation for the experimental variation of
the electronic specific-heat coefficient y with Fe
concentration in amorphous (Fe-Ni)sP2o and (Fe-
Ni)sop, 4B~ alloys.

For the (Fe-Ni)spB2p and (Fe-Ni)soP]4Bs glasses,
Eq. (1) can be generalized to'7

5CFe 2.55CFC+0.55CN; —1.6Cg (2)

with CFe+CNi 0.8, CB ——0.2 and

5Cp+=2. 55Cpc+0. 55CN; —2.4Cp —1.6Cs, (3)

with Cp +CN' =0.8 Cp =0.14 Cg =0.06, respec-
tively. The glass formers boron and phosphorus
have been found to contribute an average of 1.6 elec-
trans per B atom and 2.4 electrons per P atom to the
TM3d bands. ' Equations (2) and (3) predict
CF,-0.04 and 0.003 for R, =A,,=0, and the max-
imum in SRA in amorphous (Fe-Ni)sP2o and (Fe-
Ni)spP]4B6 alloys, respectively. While A., appears to
go to zero near this concentration in the former al-
loy series, the highest value of SRA is reached in
both the alloy systems at CF, ——0.8, a result which
directly contradicts the prediction of the SB
model. Thus the SB model fails to account for the
composition dependence of SRA in the metallic
glasses studied in this work.
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B. TCC model

Present results are now discussed within the
framework of the TCC model, which has had
tremendous success in explaining a large amount of
experimental data on the transport properties of
crystalline Fe- and Ni-based alloys. ' In this
model, spin-up and spin-down electrons conduct in
parallel and the SRA is a consequence of the aniso-
tropic d, -d, mixing caused by the spin-orbit interac-
tion. Calculations based on this model yield the
following expressions for SRA at low tempera-
tures

po

where

=y(a —1)+3P(a+1) ' (4a)

p&a——
p

Pt
2

P= — —(1—4cos F2)sin rjz,
7 2 t 2 t

90

(4b)

(4c)

3 A

4 H
(4d)

p, and p, are the residual resistivities for spin-up
and spin-down electrons, respectively, A,

' is the local
spin-orbit coupling constant, h, is the virtual bound
state width, gz is the phase shift, A, is the average
value of the spin-orbit coupling constant in the d
band, and H,„ is the exchange energy that splits the
d, and d, bands. For the first transition-metal
series, V « 6 and hence the second term in Eq. (4a}
can be safely neglected for the present alloys.
Furthermore, y has been estimated to be =0.01 (Ref.
25) from a large amount of experimental data on the
SRA of Fe- and Ni-based alloys. With the neglect
of the second term, Eq. (4a) becomes

romagnets and small for weak ferromagnets. In this
context the alloys on the Ni-rich side (Fe-rich side)

in both amorphous Fe„Nisp B2p and

Fe„Ni8p „P&4B6 alloy systems are expected to be
weak (strong) ferroinagnets. The high-field suscep-
tibility X„imeasurements (whose results are also in-

cluded in Figs. 2 and 3) taken at 4.2 K also support
this viewpoint when one realizes that within the
band picture Xhf should possess very large values for
weak ferromagnets and small values for strong fer-
romagnets. Though the present Xhf measurements
have been carried out in fields up to only 15 kOe,
the Xhf values obtained for Fe8pB2p and Fe8OPi4B6 al-

loys are in excellent agreement with those deter-
mined for these alloys from very high-field
(100—300 kOe} susceptibility measurements.
The unusually large value of Xhf for glassy

Fe&ONi7OP&4B6 is a manifestation of the fact that this
alloy exhibits spin-glass behavior at low tempera-
tures. In the band model, the above variation of Xhf
with x is expected to get reflected in the magnitude
of the negative slopes at high fields, i.e., a large neg-
ative high-field slope for weak ferromagnets and a
small negative slope value for strong ferromagnets.
We do not observe the expected trend in the high-
field slope values for our alloys presumably due to
the fact that actual variation is made obscure by the
significant positive contribution to magnetoresistivi-

ty arising from the Lorentz force, as already men-
tioned. It is shown in the following text that the
above classification of weak and strong ferromag-
nets is not so conclusive as it would seem to be at
first sight.

With a view to derive some information about the
electronic structure of the investigated alloys, we
now proceed to compute p, (x) and p, (x) from the
relations

po(~ ) po(~ ) y
—1 (~ )

po

' =y(a —1) .
po

Equation (5} provides a criterion for determining
whether a given alloy is a "strong" or a "weak" fer-
romagnet (a strong ferromagnet has holes only in

the d, band while a weak ferromagnet has holes and
electrons in both d, and d, bands) as follows: p,
and p, possess comparable values for a weak fer-
romagnet since vacant states are available in both d,
and d, for s electrons to make transitions, whereas
the value of p, greatly exceeds that of p, in a strong
ferromagnet because s-d scattering is allowed only
for spin-down electrons as there are no vacant d,
states at the Fermi level. Thus according to Eq. (5),

+,/po is expected to be very large for strong fer-

and

p, (x)=p, (x) y
po

(x) +1

obtained by combining Eq. (5) with the expression
given by the TCC model for the residual resistivity

p ~p, i.e.,

(p, +p ) (1+

We do not distinguish between the values of resis-
tivity at 0 K (p ) and those of 4.2 K $0) because the
difference between the two sets of values, if any, is
expected to fall within the error limits of the resis-
tivity measurements. The p„p, and a (equal to
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p, residual resistivities of their ratio a on the Fe concen-

tration x in amorphous FexNi80 „Bqo alloy series.

p, /p, ) values for different alloy compositions com-
puted using Eqs. (6} and (7) while taking

p =po ——p(4.2 K) are shown in Figs. 5 and 6. It is
noted from these figures that for Fe„Nisp B2p
glasses, both p, and p, as a function of x increase at
a fixed rate up to x=50, beyond which p, increases
at a rate that is much steeper than that for x &50
and p, decreases, whereas for Fe„Ni8p Pi4B6 amor-
phous alloys, p, increases roughly at a constant rate
while p, decreases till a value x=60 is reached
beyond which the rate of increase in p, progressively
slows down and p, remains practically constant. By
remembering that the residual resistivity is directly
proportional to the density of states at the Fermi
level N(EF), which, in turn, varies with composi-
tion, the composition dependence of p, and p, shown
in Figs. 5 and 6 can be interpreted as follows: In
glassy Fe„Ni8p „B2p alloys the probability for s elec-
trons to get scattered to the d, and d, bands is al-
most equal (the s, -d, transitions becoming more and
more frequent than the s, -d, transitions as x in-
creases) for low values of x since N(Ez) possesses
comparable values for the d, and d, bands. This
situation continues till x 50 beyond which s, -d,
scattering increases at the expense of s, -d, scatter-
ing because N(EF} goes on increasing for the d,
band while it progressively decreases for the d,
band. At x=80, holes exist in both d, and d,
bands, the number of holes in the latter band being
much larger than that in the former band. This im-
plies that FespBzp represents an alloy composition
which is on the verge of becoming a strong fer-
romagnet, and if either the boron content is in-
creased at the cost of Fe or a part of the boron con-
tent is replaced by phosphorus as in FesoP&4B6, a
transition to strong ferromagnetism is expected
when the excess transferred charge fills up all the
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FIG. 6. p„p„and their ratio a (equal to p, /p, ) as a
function of Fe concentration x in the amorphous

FexNiso-xp1486 alloy se

holes in the d, band. In the case of amorphous

Fe„Ni8p P]4B6 alloys, on the other hand, the prob-

ability for s,-d, transitions increases while for s, -d,
transitions it decreases, since N(EF) increases for
the d

&
band while it decreases for the d, band as the

Fe concentration x is increased from the low-x limit,
till at x=60 a transition to strong ferromagnetism

occurs. Beyond x=60, p, remains constant, whereas

p, continues to increase because the spin-up elec-

trons now get scattered only to the broad s, band

[the role of s band for the spin-up electrons, in par-

ticular, now or even below x=60, becomes very im-

portant and hence can no longer be ignored, and be-

cause the s band is very broad, N(EF) for spin-up
electrons remains practically constant] as there are
no vacant states available in the d' band, as con-
trasted with spin-down electrons which get scatter-
ing to both s, and d, bands [the s, -d „scattering still

dominates over s, -s, scattering since

Ne (EF)»N, (Et )]. Therefore the alloys with

compositions in the range 60&x&80 in this alloy
series are strong ferromagnets while those having

x & 60 are weak ferromagnets. The above classifica-
tion of weak and strong ferromagnets in the investi-

gated glassy alloy series is consistent ' with the vari-

ation of magnetic moment with composition in these
alloys.

Figures 2 and 3 also present another interesting
feature that when B in the amorphous Fe„Ni8p B2p

alloy system is partly replaced by P, as in glassy

Fe„Nisp P~4B6 alloys, the SRA values are not sig-

nificantly altered in the concentration range
30&x&60, but they are greatly reduced for alloys
with x & 60 (the reduction in SRA being the largest
for the alloy with x=80) and for those with x &30
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[Fig. 7(b)]. A similar trend with composition is
shown by the electronic specific-heat coefficient
y=(Hkq/3)N(EF) data [sm Fig. 7(a)] previously
taken on the same alloy series as ours by Onn and
his co-workers. By realizing that P donates rough-
ly twice' as many electrons per atom to the TMd
bands as 8 does, the excess charge transferred from
the metalloid atoms is shared by both d, and d,
bands for x in the range 30&x &60, a result which
not only affects p, and p, roughly to the same extent
and hence leaves SRA practically unaltered [Eq. (5)]
but also has little or even no effect on N(EF) [Fig.
7(a}]. For x & 60, the excess transferred charge is to-
tally effective in filling up the holes in the d, band
since there are no holes left in the d, band, and as
such both N(EF) and p, decrease very rapidly while
hardly affecting p„a process which results in a ra-
pid decrease of SRA for these compositions. By re-
calling that the magnetic moment exhibits a steep
decrease particularly for the alloys with x & 30 in the
amorphous alloy series Fe„Niso B2p (i.e., on the
Ni-rich side), the holes in both d, and d, bands are
expected to become smaller and smaller in number
and as a result the excess transferred charge should
become more and more effective in filling up the d,
and d, holes as x is lowered below x=30. Conse-
quently, both p, [Nd (E~)] and p, [Nq (E~)] de

crease at a very fast rate and their ratio a~1 as
x —+0. This, in turn, leads to a significant reduction
in both SRA and N(EF ) in this concentration range.
The above arguments not only lend a firm support
to our earlier conclusions regarding the electronic

8—

6—
O
E

structure of these alloys but also strongly suggest
that a charge transfer takes place from the metalloid
atoms to the TM d bands. A number of other ex-
perimental evidences, which also favor the charge-
transfer mechanism invoked in this work, have been
reported ' in the past.

Finally, we focus our attention on the relation be-
tween SRA and the saturation magnetic moment per
transition-metal atom at 0 K, p, of the type
hp, /po ——AP". The values of )M for the present alloys
have been taken from our previous investigation.
Figure 8 shows the in[(dy, /po) X10 ] vs inp plots.
It is noted that such a plot is a straight line for the
amorphous Fe„Ni80 P]4B6 alloy system with the
values A =(1.3+0.1)X 10 and n =1.4+0.1. For
the Fe„Nisp B2p glasses, the data can be fitted to
two straight lines; one for compositions below x=50
and the other for the alloys with x &60 with the
choice of parameters as A =(1.6+0.1)X10 and
n =0 62+0.02, . and A =(1.6+0.1}X 10 and
n =5.0+0.1, respectively. This observation implies
that SRA and p are not so simply related to each
other as the expression dy, /po ——AP" would suggest.
Efforts to directly relate SRA with p, have failed
even in the case of crystalline ferromagnetic alloys.

IV. CONCLUSIONS

The results of the present magnetoresistivity and
high-field susceptibility measurements permit us to
draw the following conclusions:

(i) The SB model fails to predict the correct trend
for spontaneous resistivity anisotropy in the investi-
gated glassy alloy series.

(ii) By contrast, the TCC model provides not only
a straightforward explanation for the observed re-
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o (Fe, Ni) eo B20

0 — o Fe„Niso-„B20
~ Fe, N180-xP&e Be
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4
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2
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FIG. 7. Electronic specific-heat coefficient y (a) and
the spontaneous resistivity anisotropy hp, /po (b) as a
function of x in amorphous Fe„Nisp B2p and
Fe„Nisp Pi4B6 alloys. The data shown in (a) are taken
from Ref. 32.

-1
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FIG. 8. )n[(hp, /po)X10'] vs Inp at 4.2 K for the
present amorphous alloy series.
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suits but also a conclusive evidence for a transition
from weak to strong ferromagnetism at a concentra-
tion x=60 in amorphous Fe„Ni8p &P]4B6 alloy
series and for weak ferromagnetism in glassy
Fe„Ni8p B2p alloys in the entire concentration
range. This evidence for weak and strong fer-
romagnetism in these glasses is further supported by
the high-field susceptibility data.

(iii} A charge transfer takes place from the metal-
loid atoms to the transition-metal d bands.

(iv) Spontaneous resistivity anisotropy cannot be
related to the saturation magnetic moment per
transition-metal atom by so simple a relation as

gps
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