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Magnetic scattering in the amorphous ferromagnets FesoB20 Si (0 x 12)

Rita Singhal and A. K. Majumdar
Department of Physics, Indian Institute of Technology, Kanpur 208016, Uttar Pradesh, India

(Received 18 January 1991)

The electrical resistivity in the amorphous ferromagnets Fe«820, Si (0 ~ x ~ 12) has been measured
in the temperature range 8—300 K. We find from a detailed quantitative analysis that over and above a
dominant structural contribution there exists in such alloys a significant magnetic contribution propor-
tional to T for T «OD (Debye temperature). No definite conclusion could be reached about the tem-

perature dependence (T' or T ) of the magnetic contribution at higher temperatures, viz. , T~OD.
Magnetoresistance data show that the temperature dependence of the resistivity is not affected in the
presence of external magnetic fields. However, the coefficient of the magnetic term shows a small de-

crease with increasing field at low temperatures but remains constant at high temperatures.

I. INTRODUCTION

The electrical resistivity in metallic glasses is a very im-
portant subject as the noncrystallinity of the materials
afFects the electronic transport properties. In recent
years the study of these properties has been a subject of
widespread interest. In particular, the electrical resistivi-
ty provides a very sensitive probe with which one can try
to understand various scattering processes that occur in a
given material.

Earlier' we had measured the electrical resistivity (p),
magnetoresistance, and Hall effect in Fe &pp B
(13~x &26) binary metallic glasses. The temperature
coefficient of the resistivity and the concentration depen-
dence of the absolute value of p were explained in terms
of Ziman's theory of liquid metals. An attempt was also
made to find the magnetic contribution to the resistivity
between 20 and 100 K. Due to the relatively poor resolu-
tion of the data, no definite conclusion could be drawn.
However, in magnetic materials, over and above the
scattering of electrons by structural disorders and lattice
vibrations, there must be some evidence of magnetic
scattering. Theoretically, according to Richter et al. ,
the leading term in the magnetic resistivity of amorphous
ferromagnets is a T one followed by a higher-order T
term. An excellent review has been made recently by
Vasvari. Experiments which claim to have observed a
magnetic contribution to p fall under two categories.

(a) A magnetic contribution proportional to T Berg-.
mann and Marquardt had concluded the existence of a
T -dependent magnetic term on the basis of straight-line
plots of p versus T in binary Ni-Au, Co-Au, and Fe-Au
amorphous ferromagnets. This method is not conclusive
since the structure factor term (see Sec. II), which should
be included in the total p, also has a T dependence.
Thummes et al. found qualitative evidence of a T mag-
netic term in Ni&o Fe SisB&z(2.4 ~ x + 16) metallic
glasses. They also found an unusually low Debye temper-
ature (SD (100 K). Kaul et al. have established, from a
detailed quantitative analysis of the resistivity data of
amorphous FesoBzo, C„(x=0, 2, 4, and 10) alloys, that
besides a dominant structural contribution, there exists in

such alloys a significant magnetic contribution to p pro-
portional to T .

(b) A magnetic contribution proportional to T ~ . In
Fe-Ni-P-B glasses, Babic et al. obtained a T term
from linear total p versus T plots for T & T, /3. No
structural contribution was considered. Kettler and
Rosenberg found a T magnetic term in Ni-based
Niso Fe„B&6Si4 (x =0—19) and Ni77 Fe„B&3Si&o
(x =0—15.4) by subtracting at each temperature the total
resistivity of the nickel parent alloy (x =0) from those of
the above alloys. This was done on the assumption that
the magnetic contribution to the total p was due to the
added iron. They also found that the magnetic term de-
creased with increasing Fe content.

Thus, it is quite clear that a controversy still exists in
deciding the relative weight of the T and T magnetic
contributions to the total resistivity in ferromagnetic me-
tallic glasses. It should be emphasized here that such dis-
tinctions cannot be made by merely observing p versus
T or p versus T curves as straight lines. A quantita-
tive criterion, e.g. , the value of g in different fits, is need-
ed as it has been used only by Kaul et aI.

We have taken high-resolution electrical resistivity
data in seven FesoB2o „Si, (0 ~ x ~ 12) ferromagnetic
metallic glasses between 8 and 300 K with the following
aim.

(a) To determine whether there is any magnetic contri-
bution at all in these materials.

(b) If there is, does it occur through a T r term which
is theoretically the leading term in amorphous materials
or through a T term as found quantitatively by Kaul
et al. in a similar system?

The magnetoresistance, both transverse and longitudi-
nal, was also measured for x =0, 6, and 12 between 10
and 300 K using magnetic fields up to 16.5 kOe in order
to study its effect on magnetic scattering.

II. THEORY

Customarily, p( T) in amorphous materials is explained
in terms of the Ziman theory of liquid metals in which
the temperature dependence of resistivity comes through
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the structure factor. The asymptotic forms are given by If the magnetic contribution is not considered at all,
then

r, (T)=p, (T) Ip(0'C)

ao+b2T for T «OD,
a p+c', T for T ~ OD .

up+0, &T, T «OD,
r(T)= '

Exp+ cx) T, T O" g) .
(6a)

(6b)

where p(0'C), the resistivity at 273 K, is used for normal-
izing the data and OD is the Debye temperature.

Richter et al. have calculated the spin-disorder resis-
tivity of amorphous ferromagnets by using the force-force
correlation function method up to second order in the s-d
exchange constant. They found, at low temperatures
( T &( Tc where Tc is the Curie temperature) and zero
external field that

r (T)=p (T)/p(0'C) =po+aT +bT (3)

r ( T) =(ao+po)+(b2+b) T

ao+ a2T, T« OD . (4a)

If the magnetic contribution occurs through the T
term, then [by adding Eqs. (1) and (3), except for the T
magnetic term]

r(T)=(ao+po)+b2T +aT
—exp+ cx2T Ex3y2

Similarly, by adding Eqs. (2) and (3), one gets

r (T)=(ao+po)+c', T+bT

(4b)

—CXp+ (Xi T+0'2T, T OD

r(T)=( aop+) 0c+'&T+aT3~~

Ap+CXiT +CX3g2T, T D (Sb)

neglecting a small correction to the electron-magnon
coherent scattering due to the inAuence of topological
disorder. pp is proportional to the residual spin-disorder
resistivity. The T ~ dependence comes from (a) the elas-
tic scattering of electrons by a temperature-dependent,
randomly distributed local magnetic moment which de-
creases with increasing temperature and (b) incoherent
electron-magnon momentum nonconserving scattering
which increases with increasing temperature. The latter
term overcompensates the former and, as a result, the net
T term is positive. However, this term vanishes for
the crystalline case. The T term comes from the
coherent electron-magnon scattering, as in the crystalline
case. For low T ( (&SD), the contribution should be
predominantly from the T term whereas, for moderate
T ( =OD), it should be from the T term. In both cases
it is assumed that T « Tc.

If the magnetic contribution occurs through the T
term, then assuming Matthiessen's rule,

p(T)=p, (T)+p (T),
the total normalized resistivity becomes [by adding Eqs.
(1) and (3), except for the T ~ term]

III. EXPERIMENT

Amorphous Fe80Bzo Si (x =0, 1, 2, 4, 6, 8, and 12)
alloy ribbons were provided to us by Luborsky of the
General Electric Company. These amorphous ribbons
were prepared by melt quenching onto the surface of a
rotating wheel. Electrical resistivity measurements were
made from 8 to 300 K using a four-probe dc method.
The electrical leads to the sample were soldered with
nonsuperconducting solder (eutectic Cd-Zn). Tempera-
tures down to 8 K were achieved by using a closed-cycle
helium refrigerator (Cryogenic Technology Inc. ). The
resistance R was directly measured using a Datron 1071
Autocal digital multimeter with a current of 10 mA. The
sample temperature was monitored by a silicon diode and
controlled by a Lakeshore DRC-82C temperature con-
troller having a temperature stability of about 0.05 K.
The accuracy of AR /R was better than 1 part in 10 .

For samples with x =0, 6, and 12, magnetoresistance
was also measured in both orientations (current density
J~~M and JLM, where M is the magnetization) as a func-
tion of fields up to 16.5 kOe using a 15-in. Varian V-3800
electromagnet and at several constant temperatures be-
tween 10 and 300 K. The temperature was then con-
trolled by a carbon-glass thermometer which showed
very little magnetoresistance effects. Measurements were
also taken at about 110 temperatures between 10 and 300
K at constant magnetic fields of 2, 7, and 14 kOe. The
sample current was increased to 100 mA, as a result of
which the accuracy of AR /R was about 1 part in 10 .

IV. RESULTS AND DISCUSSION

A. Resistivity

The temperature dependence of the normalized resis-
tivity r(T)=p(T)lp(0'C) in the temperature range
8 —300 K for an amorphous Fe80Bzo „Si (x =0, 1, 2, 4,
6, 8, and 12) series is shown in Figs. 1 and 2. In this tem-
perature range these glasses are ferromagnetic with Tc
more or less constant between 645 and 680 K. The
values of p at different temperatures have been normal-
ized to the resistivity value at 273 K because there is a
large error in the measurements of the ribbon thickness
and width, resulting in a large inaccuracy in the absolute
values of p. The p versus x plot does not show any
specific trend. Its room-temperature value is
127+10 @Oem for the whole series. Figures 1 and 2
show that p changes by 3 —4%%uo from 8 to 300 K. The
temperature at which they show a minimum varies from
11 to 16 K.

The dispersion in the data is rather low and the num-
ber of data points are suKciently large for us to draw
meaningful conclusions from their fits to Eqs. (4)—(6).
We have used a least-squares-fit program in Pascal on the
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IBM PC microcomputer. Table I shows the fits between
3S and 85 K to Eqs. (4) for all the samples with two terms
[Eq. (4a)] and three terms [Eq. (4b)]. One should note
that r(T) in Eqs. (4) —(6) is of the order of 1, thus a y of
the order of 10 ' represents a very good fit since the ac-
curacy of R (T) itself is only a few parts in 10 . Here we
have defined g as

N

g = g [r ( T),.(measured ) —r ( T), ( calculated ) ]2 /N,
1=1

where N is the number of data points. From the values of
it is obvious that the inclusion of the T term invari-

ably improves the fit very significantly and, in some cases,
even by more than an order of magnitude. The fact that

1.04

T (K)

FIG. 1. Temperature dependence of the normalized resistivi-
ty r for amorphous Fe8pBpp „Si (x =0, 1, 2, and 4) alloys.
Each curve is displaced along r axis by 0.01 with respect to the
one below it.

there is another term present over and above the T (here
T ) term is further demonstrated in Fig. 3. It shows the
deviations of individual data points from the best-fitted
curve using (a) Eq. (4a) and (b) Eq. (4b) for samples with
x =0, 1, 6, and 12. It is clear that, in case of (a), the devi-
ation is large and systematic whereas, in case of (b), it is
small and random (i.e., intersecting the zero deviation
line more frequently).

Fitting the data between 200 and 300 K to Eqs. (5) and
(6b), significant improvement in the value of y is
achieved with the inclusion of either T [Eq. (5a)] or T ~

[Eq. (Sb)] terms over the linear term only [Eq. (6b)]. How-
ever, there is nothing much to choose between the two al-
ternatives from the y values. Thus, it is very di%cult to
conclude whether it is a T or a T term that has to be
added to the linear electron-phonon term at high temper-
atures. We have also tried to fit the data between 200 and
300 K with both terms together, i.e., T and T terms
in addition to the linear one. We find that the coefticient
of one of the terms (T or T ) becomes negative and,
hence, unacceptable in the present context. It should be
pointed out that any quantitative data analysis involving
more terms (here four) demands more resolution of the
data.

In order to establish a magnetic contribution (be it T
or T ~

) on a firmer basis, in Fig. 4, dr(T)/dT is plotted
against temperature for samples with x =0, 2, 6, and 8.
For the 35 (T (85 K region, the derivative varies slower
than T, which definitely implies that over and above a T
term there is a term which varies faster than T and
slower than T . The 85 —200 K region is one of a transi-
tion between two regions where diferent mechanisms
come into play and, hence, has been left out in this quan-
titative analysis. The derivative curves above 200 K are
not horizontal. If there were only a linear term in r(T)
(i.e., no magnetic contribution), the derivative would
have been a constant. An additional T term will give a
derivative which is linear in T. A slight curvature ob-
served here might indicate the presence of a T term in-
stead of a T one.

Using Eqs. (6), i.e., without considering any magnetic
contribution, one gets

n&
OD=

6 n2
(7)
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M
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If we consider Eqs. (4a) and (Sa), i.e., the magnetic
term is T in both ranges of temperature, OD will be
given by

I

O. 2
D a, —o.,

If we consider that the magnetic term is T in both
ranges of temperature, then the value of OD can be
found, with use of Eqs. (4b) and (5b), to be

0960 100
I

200 300
t

Q~3
D 6 a2

FIG. 2. Same as in Fig. 1 for x =6, 8, and 12 alloys.
The values of OD, obtained from Eqs. (7)—(9), are given

in Table I. We have intentionally not included the values
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of ao and ao in the table since they are subsequently not
used. However, the values are =0.96.

It is also observed that the coeScients are rather sensi-
tive to the temperature range of the various fits. Hence,
their composition dependence, as well as that of OD,
which solely depends on these coe%cients, could not be
determined from the present work. Since the transition-
metal (Fe) content is the same in all the alloys, a strong
composition dependence is also not expected. However,
the coefficients of the magnetic terms [viz. , a3/2 a3/p and
a2 of Eqs. (4b), (5b), and (5a), respectively] depend on
various parameters, such as the unit-cell volume, the spin
of the local magnetic moment, spin-wave stiffness con-

stant, structure factor, Fermi momentum, etc. The
different kinds of composition dependence of all these
factors put together may be partly responsible for the
random variation of these coeScients. More reproduci-
ble and higher-resolution data are necessary to quantita-
tively find the effect of composition on these coefticients.
The present work only establishes their values within a
factor of 2. Thus, we have included their averages and
standard deviations at the end of Table I.

If T is taken as the magnetic term, then the average
values of the coefticients 10 o,'2 10 A] and 10 o,'z obtained
by Kaul et al. in FesoB20 C (5.5+0.7, 1.0+0. 1, and
0.7+0.3, respectively) agree well with those found by us

TABLE I. Composition, coefficients for fits to Eq. (4) and resulting y, coefficients for fits to Eqs. (5)
and (6b) and resulting y and values of OD obtained from Eqs. (7)—(9) in Fe&0B20 Si (0 x 12)
amorphous ferromagnets.

(at. %%uo )

Range of fit: 35—85 K
10 +2 10 +3/2 X
(K

—
2) (K

—3/2) ( 10
—10)

Range of fit: 200—300 K
10 a& 10'o'2 10 o'3/2

(K ') (K ) (K )

1.8 41.9 386'
7.5

5.6 2.0

3.9

0.9
1.3
0.7 4.4

1.8
1.9

319
217

1a
9.0

2. 1 7.8

42.4

1.6

1.9

1.4
0.9 4.4

69.9

8.3
8.7

353

288
694

8.1

5.2 3.0

9.2

2. 1

1.9

1.6
1.2

0.7

28.3

4.3
4.2

385

346
381

4a
6.6

5.8 0.9

10.0

9.4

1.7

1.4
F 1

0.7
3.0

15.6

5.1

5.0

435

396
303

8.7

5.9 2.9

7.2

0.5

2.0

1.7
1.4

0.5
2.2

17.1

7.0
7.0

367

339
402

9.0

7.7 1.4

2.7

1.2

2. 1

1.5
1.0 4.7

48.3

2.4
2.4

376

315
206

12
8.6

4.5 4.2

15.0

0.9

1.9

1.5
1.2

0.7
3.1

33.6

13.6
13.8

364

323
432

Ave
rage

8.2+0.9

5.8+1.1 2.4 1.2

1.9+0. 1

1.5+0. 1

1.1+0.2

0.8+0.3

3.4+1.0

381+27
329+39
324+97

'For x = 1 and 4, the range of fit at low temperatures 45—95 K.
"The numbers in this row are not used for calculating the averages.
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FIG. 3. Deviation vs temperature for x =0, 1, 6, and 12 al-

loys. (a) denotes deviations of data points from fits to Eq. (4a)
and (b) from fits to Eq. (4b).

One possible explanation for the apparent discrepancy
in OD could be the following: Eq. (3) is valid for T ((T,.
The lower temperature range for fitting our data to Eqs.
(4a) and (4b) is 35—85 K for which T~0. 13TC. Thus,
our observation of the T term dominating over the T
term at lower temperatures seems quite reasonable. But
the higher range for fitting the data to Eqs. (5a) and (5b)
is 200 —300 K (T~0.45TC). The latter range may not
satisfy the criterion T « T&. As a result, the use of Eq.
(3) as predicting the magnetic contribution in this range
may not be correct. Thus, the coefficient of the linear
term (electron-phonon scattering) ai will be erroneous
and will aff'ect the value of OD adversely [see Eqs. (8) and
(9)]. However, if that was the case, the set of more
reasonable OD, obtained from Eq. (8), would have to be
taken as fortuitous. Thus, we conclude that the magnetic
contribution to the total resistivity is indeed through the
T term at least for T «OD. Also, the temperature
range T )OD is likely to be outside the domain of Eq. (3)
in predicting the magnetic term.

B. Magnetoresistance

(Table I), namely, 8.2+0.9, 1.5+0. 1, and 0.8+0.3, «-
spectively. The resulting OD values 330+40 K are realis-
tic and consistent with the literature value for the x =0
alloy. ' Nevertheless, we also find equally good fits if
T is taken as the magnetic term. The values of the
coefficients a3/2 and a3/2 are nearly equal to each other
(=3X10 K ~

) implying that the same T ~ term
could exist over the entire temperature range. Their
values have the same order of magnitude as that in a
different amorphous material Co4P where the value is
16X 10 K . However, OD values then become
widely different from one another with an average of
324+97 K.

50—

The longitudinal (J~~M) and transverse (JlM) magne-
toresistances for a polycrystalline material are giveny'" ~S ~~&& =(~~~ —~)&S» &~t&S =(~.—S»&~. «spec-
tively, where

p~~
and p~ are the resistivities in longitudinal

and transverse magnetic fields and p is the resistivity in
zero external field 0,„,. Typical magnetoresistance
curves are shown in Fig. 5 for the sample with Si concen-
tration x =6 at several temperatures. We find that these
amorphous materials behave very much the same way as
their crystalline counterparts, namely, at low fields the
longitudinal magnetoresistance is positive while the
transverse one is negative. At higher fields, both of them
decrease very slowly but linearly with field. This behav-
ior must be contrasted with the Lorentz force magne-
toresistance (positive for both

~~
and l orientations with

pt) p~~) which varies as H and is sizable only for pure
metals or dilute alloys at low temperatures and high mag-

'o
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FIG. 4. Temperature derivative of the normalized resistivity
dr/dT (10 K ') as a function of temperature for x =0, 2, 6,
and 8 alloys. Each curve is displaced along dr/dT axis by 10
with respect to the one below it.

FIG. 5. Magnetoresistance (Ap/p) vs external magnetic field
at several constant temperatures for both longitudinal (J~~M)
and transverse ( JlM) orientations for x =6.
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netic fields. The ferromagnetic anisotropy of the resis-
tivity (FAR) is defined by a quantity (p~~

—
py )/pp where

S S

pp is the resistivity for H;„t =0.
p~~

and px are the resis-
S S

tivities extrapolated to H;„,=0 (H;„,=H,„,—H„, , ).
For our samples the demagnetization field Hd, ,g

——1 Oe
for

p~I
and =400 oe for pJ.

The calculated values of the FAR are plotted against
temperature for x =0, 6, and 12 in Fig. 6(a). The FAR is
found to be positive and its value decreases with increas-
ing temperature but at low temperatures ((200 K) the
decrease is very slow. This is also clear from Fig. 5 where
we find that the curves for T ~ 220 K are well separated
from each other, resulting in a faster decrease of the FAR
with temperature. The slow decrease of FAR at low tem-
peratures is due to the fact that, in this range of tempera-
ture, T & Tc/3, where the typical Curie temperature is
660 K. The ferromagnetic anisotropy of the resistivity
has its origin in the spin-orbit interaction present in a fer-
romagnet. It has been shown by Smit' that p~~) p~,
which results in a positive FAR. This anisotropy is
smaller for lattice vibrations justifying the general shape
of Fig. 6(a). Since Tc and the saturation magnetization'
are found to vary slowly with the Si concentration x, one
would expect the FAR to be weakly dependent on x.
However, we find that although the FAR values for x =6
and 12 are nearly the same, they are 30%%uo lower than that
for x =0. We have also plotted the spontaneous linear
magnetostriction coeKcient' A,, versus T for x =0 in

Fig. 6(a). It roughly follows the FAR versus T graph
since the origin of the two effects lies in the spin-orbit in-
teraction.

In isotropic crystalline ferromagnets, ' the ratio

(p~~
—p)/(p~ —p)= —2. Here, for all three samples, we

find that this ratio is = —0.5. This implies that the
domain magnetization is not randomly oriented in these

amorphous ribbons. Using the relation, '

where 0 is the angle between the domain magnetization
M and the ribbon axis and, hence, the current density J,
we find from our data at 10 K that 0=38.4', 37.3', and
34.7' for x =0, 6, and 12, respectively. Indeed
Mossbauer, scanning electron microscopy, and ferromag-
netic resonance techniques' have established, for x =0,
that M lies in the plane of the ribbon and that the value
of 0=30'. Thus, our analysis indicates that the replace-
ment of B by Si does not change this special orientation
of M.

The high-field slope (p 'dp/dH), found by a least-
squares-fit program, for a11 the samples is negative at all
temperatures, its magnitude is larger for the I orienta-
tion. This is shown in Fig. 6(b) for some cases. In gen-
eral, the magnitude dc of the slope' should increase with
increasing temperature since electron-magnon scattering
could be effectively reduced as magnons are quenched at
higher fields. Its value is proportional to the high-field
magnetic susceptibility" which decreases with decreasing
temperature. However, we find here that, although the
slope does not strongly depend on temperature, it has a
small increase to the contrary. The large slope at lower
temperatures thus implies the lack of complete alignment
of spins even at 10 K (T ((T,). We do find from our de-
magnetization measurements that, for x =0, the high-
field (15 kOe) susceptibility is as high as l. 12 X 10
cm jg at 10 K and not too different from 1.15 X 10
cm /g at 180 K. This observation of increasing slope
with decreasing temperature is rather common in Fe-
based alloys having Invar properties. ' However, Fig. 6(b)
shows that the addition of Si suppresses this effect since
the slope does not decrease significantly at higher temper-
atures.

The raw R ( T) data for the x =6 alloy at constant fields
of 2,7, and 14 kOe are plotted in Fig. 7. We observe that
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FIG. 6. (a) Ferromagnetic anisotropy of resistivity (FAR) vs

temperature for x =0, 6, and 12. Linear magnetorestriction
coefficient A,, is also shown for x =0. (b) High-field slope

(p 'dp/dH) vs temperature for x =0, 6, and 12 for some orien-
tations. L and T in brackets refer to longitudinal and transverse
orientations, respectively.

FIG. 7. Temperature dependence of electrical resistance
R (T) at constant external magnetic fields of 2, 7, and 14, kOe
for x =6. The curves are shifted along the R axis for clarity.
The inset shows hR =R ( T, 14 kOe) —R ( T, 7 kOe) vs tempera-
ture.
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TABLE II. Magnetic field dependence of the coefficients of the magnetic terms [Eqs. (4b) and (5b)] in

Fe,oBzo Si„(x=0, 6, and 12) amorphous ferromagnets. L is J~~M and Tis JIM.

(at. %)

Range of fit: 35—85 K
10'o 3/p (K

H (kOe)

Range of fit: 200—300 K
10 CL3gp (K )

H (kOe)

0 (L)
0 (T)
6 (L)
6 (T)

12 (L)

2
3.4
2. 1

4.0

4.5

7
3.3
2.1

3.9
4.9
4.5

14
3.2
2.0
3.8
4.8
4.3

2
3.9
4.8
5.2

7
3.9
4.8
5.3
5.8

14
4.0
4.8
5.3
5.8

the resistance decreases with increasing magnetic field for
external fields above technical saturation. This is in
agreement with the negative slope observed in Fig. 5 at
all temperatures. It must be emphasized here that the
data at lower fields are affected by the FAR due to the
domain structure and, hence, must be avoided in the
analysis of magnetic scattering. The effect of the magnet-
ic field on R is very small, a field difference of 10 kOe
changes R by 0.02% only. So, in Fig. 7 the curves are
shifted along R axis so that the difference between them
shows up. In the inset of Fig. 7, the diff'erence R (T, 14
kOe) —R (T, 7 kOe) has been plotted against tempera-
ture.

The r( T) data at constant magnetic fields of 2, 7, and
14 kOe were analyzed in a manner similar to the zero-
field case using the same least-squares-fit program. We
find that the data fits equally well (y =10 '

) to Eqs. (4)
and (5) even in the presence of external magnetic fields.
This proves that the temperature dependence of the resis-
tivity is still described by the same equations. However,
the coefficients for the magnetic terms only show some
field dependence at low temperatures, as is evident from
Table II. The inset of Fig. 7 also shows that the
dift'erence between the data (say, 14 and 7 kOe) initially
increases with temperature and then remains more or less
constant at higher temperatures. This could be qualita-
tively understood as follows: The incoherent electron-
magnon scattering term, giving +a3/p(H)T depen-
dence, should be smaller at higher fields because of the
quenching of the magnons resulting in less electron-
magnon scattering. This implies that F3&2 should de-
crease with field as is observed at lower temperatures
(35—85 K). At higher temperatures (200 —300 K), the
other term F3&2(H)T'~ [se—e discussion after Eq. (3)]
will not decrease that much at higher magnetic fields
since the magnetic moment itself increases with field.
Thus, the resultant coefficient u3&2 may not change with
field. This does not happen at lower temperatures be-
cause the change of magnetic moment is much less for
T «Tc.

V. CONCLUSIONS

Our quantitative analysis of the electrical resistivity
data in FegpBpp „Si ferromagnets shows conclusively
that the inclusion of magnetic terms improves y by an
order of magnitude. If interpreted in terms of a T term,
the coefFicients agree quantitatively with those of Kaul
et al. in a similar system, viz. , Fe8pBzp C and yields
realistic OD, 330+40 K. However, we find that there
could be an equally good fit (actually much better) for
T «OD in terms of a T term as predicted by Richter
et aI. , except for the disturbing fact that the resulting
OD has a wide range of values in this series. A possible
explanation is offered in terms of the applicability of the
theory Richter et al. , [Eq. (3)] which may not satisfy the
condition T «Tc for T OD. It is therefore safe to con-
clude that the magnetic contribution at low temperatures
at least, viz. , T (&OD, occurs through a T term which
is in agreement with the theoretical prediction.

Magnetoresistance measurements up to 16.5 kOe at
several constant temperatures (10—300 K) show a posi-
tive ferromagnetic anisotropy of resistivity in these amor-
phous ferromagnets, very similar to the crystalline case.
The FAR decreases with increasing temperature as ex-
pected in a ferromagnet. At higher fields ( ~2 kOe), the
magnetoresistance is very small and negative for both
orientations at all temperatures. The temperature depen-
dence of the electrical resistivity in the presence of a mag-
netic field is still described by the same set of equations as
in the case of zero field. However, the coefficient of the
magnetic term decreases somewhat with increasing field
at lower temperatures while remaining constant with in-
creasing field at higher temperatures.
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