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Abstract. Longitudinal and transverse magnetoresistivity measurements have been performed
on a-Feyg_,NizoMn:B128ig alloys (0 < x £ 5.5) in fields up to 40kG, at 42K, 10K,
200 K, and 300 K. Above technical saturation, all the alloys exhibit a negative slope, te.
the resistivity decreases as a function of the magnetic field. The high-field magnetoresistivity
slope becomes more and more negative with increasing Mn concentration. Assuming that the
negative slope of magnetoresistance is caused by the suppression of spin waves, the temperature
and composition dependence of magnetoresistivity of the present series could be qualitatively
understood. The spin-wave contribution to the zero-field resistivity has been estimated using
a simplified approach. Furthermore, the ferromagnetic anisotropy of resistivity (FAR)} has been
calculated and the results are analysed in the light of a2 two-current conduction model generalized
to weak ferromagnets and amorphous alloys.

1. Introduction

There has been substantial interest recently in understanding the temperature dependence
of resistivity of amorphous magnetic alloys. However, one finds a comparatively small
number of reports on magnetoresistance and ferromagnetic anisotropy of resistance {(FAR)
of these alloys. The magnetoresistance studies on many of these alloys show a negative
magnetoresistance slope at high fields [1, 2, 3, 4]. It has been usually remarked that this
negative slope arises from the suppression of electron-magnon scattering at high fields [4, 5].
However, to our knowledge, no one has attempted to make any quantitative estimate of the
agreement of experimental resuits with the suppression of electron—-magnon scattering. On
the other hand, FAR in these alloys has been usually interpreted in terms of two-current
conduction (TCC) model which was originally developed to study the FAR data of crystalline
alloys [6, 7, 8, 9, 10]. A few attempts have been made to use this model to study the
transition from weak to strong ferromagnetism in amorphous magnetic alloys [1, 111.
However, the results obtained were in contradiction with those expected from the Slater—
Pauling curve. Malozemoff [12] modified the TCC model specifically for amorphous alloys,
although not much experimental work on FAR of amorphous alloys has been analysed using
his theory.

An ideal choice to test many of these proposed models would have been to work on a
system in which the magnetic properties such as the exchange stiffpess constant can be made
to vary over a large range with least perturbation to the original system. The doping of early
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3d ransition metals like Cr or V in TM-M (TM = transition metal, M = metalloid) alloys could
have been the obvious choice, as the presence of even a small quantity of these elements
leads to a drastic reduction in the exchange stiffness constant and the magnetic moment.
Unfortunately, their presence canses complicated changes in the transport properties, namely
a second minimum in the temperature dependence of resistivity [13, 14, 15, 16], and change-
over of the high-field magnetoresistance slope from negative to positive values {16, 17, 18].
The studies on these systems, thus, indicate that some entirely new transport mechanism,
not otherwise present in the original system, dominates in Cr- or V-containing alloys.

Ma is closest to Fe in the periodic table, from the early 3d transition metal side. It is
known that, in general, Mn doping in amorphous Fe- and FeNi-based alloys causes changes
in the magnetic properties similar to those caused by Cr and V {19, 20, 21, 22]. At the
same time, the resistivity study on these alloys shows the absence of a2 second minimum,
indicating that the mechanism which is dominant in the Cr- or V-substituted alloys is not
significant in these alloys [22]. Such alloys, therefore, appear to be suitable for the study
of FAR and comparison of the results with the existing models.

In the present paper, a systematic investigation of the magnetoresistance behaviour
of amorphous Fes_;NigMn,B128ig alloys (0 € x < 5.5) has been reported. The
measurements were made in the field range 0-40kG, at four different temperatures. The
results have been discussed in the light of spin-wave theory. The FAR data has been studied
as a function of Mn concentration at different temperatures. We have used Malozemoff's
model to analyse the present results.

2, Experimenta] details

Amorphous Feao_, NigopMu, B> Sig ribbons (0 < x < 5.5) were prepared by the melt spinning
technique. All the alloys were ferromagnetic with T > 480 K {23, 24]. The composition
of the alloys was analysed by electron probe microanalysis. The ratio of the metal atoms
could be determined to a precision of about 5%.

The magnetoresistance of all the samples was measured in magnetic fields up to
40kG, produced by a home built superconducting magnet. The field was applied parallel
(longitudinal) and perpendicular (transverse) to the current direction, in the plane of the
sample. The measurements were made at four different temperatures: 42K, 100K, 200K,
and 300 K. The resistivity was measured using the standard four-probe DC method. The
relative accuracy of measurements was 50 ppm. The current and voltage leads were soldered
to the sample using the non-superconducting Cd-Zn solder. A Hewlett-Packard constant
current source (model 8177C DC) with stability better than 50 ppm was used to pass a
current of 20 mA through the sample. The voltage across the sample was measured with
a Keithley nanovoltmeter {model 181). The sample temperature was controlled by a Lake
Shore DRC-82C temperature controller. The measurements were automated using an IBM
PC through an IEEE-488 interface.

The longitudinal and transverse magnetoresistivity data have been presented as

Aoy _ Aun(T, H)—p(T,0)
p a(T,0)

Here, p(T, H) is the resistivity at a given temperature T and field H. The subscript || (L)
denotes that the field is applied parallel (perpendicular) to the current direction,
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3. Experimental results and discussion

The magnetoresistivity data (Ap/p) at 4.2 K for some of our samples are shown in
figure 1. From the figure, it is noticed that, at low fields, the longitudinal magnetoresistivity
(Apy/p) is positive and increases rather sharply with increasing field, whereas the transverse
magnetoresistivity (Apy/p) is negative and decreases at a relatively slower rate with
increasing field. Eventually, at a particular field, the resistivity saturates (usually termed
technical saturation) and exhibits a negative slope at higher fields. The slope values obtained
by fitting the experimental data above technical saturation to a straight line were found to be
the same within experimental error for both the longitudinal and transverse cases. Similar
behaviour has been observed for several other amorphous ferromagnetic alloys [1, 2, 3]. The
slope of the magnetoresistivity curve above technical saturation wilt be henceforth referred

to as the high-field slope (1/0)(8p/3H).
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Figure 1. Magnetoresistivity data for a-Fegy_,.,Ni,Mn_B)28ig alloys at 4.2 K.
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3.1. High-field magnetoresistivity behaviour

For a-Fegg_NiggMn,B12Sig alloys, the slope (1/p)(8p/8H) values as a function of x, at
different temperatures, are shown in figure 2. From the figure, it is evident that the high-
field slope decreases fo more negative values with increasing Mo concentration, at all the
measured temperatures. This behaviour is contrary to that observed in the case of Cr- or V-
substituted TM-M alloys, where the high-field slope changes from negative to positive values
when the concentration of Cr or V increases [16, 17, 18]. In figure 2, a small anomaly is
observed in the slope values, for the sample with x = 0.5, which might be related to the
anomalous increase in the magnetic moment for this particular alloy composition [23].
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Figure 2. Variation of (1/p)(8p/2H) as a function of  Figure 3. The high-field slope (1/p)@p/aH} plotted
x for a-Fegp-xNisgMp, B 28ig alloys, The line through  versus temperature for a-Fesg- . NisgMn; B28ig atoys.
the data points serves only as a guide, The line through the data points serves only as a guide.

For a-Feq_;NigMn, B ;513 alloys, the (1/p)(dp/8H) values are plotted as a function
of temperature in figure 3. As is clear from the figure, the slope values become more and
more negative as a function of temperature above 100 K. A similar behaviour has been
observed for a-Feso_x/2Nisg-z/2Cr:Mo2B10Sig alloys (x = 0 and x = 3) [16]. On the
other hand, in the non-Ni-containing a-FeCrBSi and a-FeVBSi alloys, the high-field slope
of magnetoresistivity was found to be almost independent of temperature [17, 18].

Thus, we see that the high-field magnetoresistivity slope in the present alloys is always
negative unlike in Cr- or V-containing alloys. This prompted us to investigate whether
the composition and temperature dependence of the present results is consistent with the
concept of suppression of electron—-magnon scattering.

We presume that above technical saturation, the decrease in resistivity with increasing
magnetic field is solely due to a reduction in the density of spin waves. We further assume
that this contribution from spin waves, pgw. is proportional to the density of spin waves
excited at that temperature and field. This can be expressed as

psu(T, H) = cn(T, H) (1)

where ¢ is the proportionality constant and »(7T, H) is the density of spin waves at
temperature T” and field H. As described in section 2, the magnetoresistivity data have
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been presented as
Ap(T,H) _p(T.H)—p(T,0)
o p(T,0) '

At fields above technical saturation, as every other contribution to resistivity except gy is
constant with field, we can write equation (2) as

AT H) _ pulT H) = p(T,0) ¢ _
(—p—)m = i = oI ) = (T, 01 ®)

Here, (Ap(T, H}/p)m represents oniy the linear portion of the (Ap(T, H)/p) versus
H curve, and its value is obtained by subtracting from each data point the value of
(Ap(T, H)/p) extrapolated to H = 0. It is known that for amorphous alloys the temperature
and field dependence of the resistivity is much smaller than that of the residual resistivity,
Pres [25). Thus, p(T,0) in the right hand side denominator of equation (3) can be
approximated t0 Pres.

(ﬂ) =(i) AN(T, H) )
P S Pres

where An(T, H)= [n{(T, HY — n(T,0)]. Equation (4) indicates that above technical
saturation, the behaviour of the magnetoresistivity, (Ap/p)m should be similar to that
of An(T, H).

According to Keffer [26], the density of spin waves n(T, H), excited at a temperature
T and field H, can be estimated using the following expression,

(2)

(3 kT \**
n(T,HY=F (E, IH) (Z;B) &)
_ kgT
a = gupH ©

where kg is the Boltzmann constant, g is the gyromagnetic ratio, ug is the Bohr magneton,
and D is the spin-wave stiffness constant. In equation (5), F(s, ty} is the Bose-Einstein
integral function. According to Robinson [27], for ty > 1, F(3/2, ty) can be expanded as

F 3 ) ~ ¢ 3 3.54 n 146 0.104 4 0.004 25 4 (7)
2" 2] Pty £ A

where, £(3)=2.612.

For the present series of alloys, the values of the spin-wave stiffness constant D have
been reported earlier [28] and are reproduced in table 1. Using the first five terms in the
expansion of F(3/2,ty) and the experimental D values in the expression for a(T, H),
the quantity An(T, H) = n(T, H) — n(T,0) for different samples was evaluated. The
calculations were carried out at T > 100 K so as to satisfy the condition 75y > 1. At a
given temperature, the magnitude of An(T, H) is equal to the decrease in the density of
spin waves as the magnetic field increases from zero to a value H, In figure 4, An(T, H) at
200K is shown as a function of H for different samples. From the figure, it is evident that
at a particular temperature the reduction in the density of spin waves due to the application
of a given field is larger for samples with higher Mn concentration, This is in agreement
with the experimental observation that the high-field magnetoresistivity slope becomes more
and more negative as Mn concentration increases in the present alloy system.

Similar agreement has been observed for the temperature dependence of the experimental
high-field slope and that of An(T, H}. For a fixed D value, the reduction in the density
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Table 1. Estimated spin-wave contribution, p/by (%), to the temperature dependence of
resistivity for a-Feqg—, NisgMn,B128iy alloys.

x DmevA) ¢ @) prao) by p/hy (%)

00 169 3.30 0.223 1.960 11.3
05 140 276 0.247 2173 1.4
1.0 128 228 0.232 1.833 127
30 112 2.30 0.288 1.387 207
35 W 2.02 0.328 1.199 214

1 Data taken from [24].
* Refer to section 3.1 and section 3.2.
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Figure 4. Variation of [2(T, H) — (T, 0)] (calculated  Figure 5. Variation of [n({T, &) —n(T, 0)] is shown as
at T =200 K using equation () is shown as a function  a function of field for a-FezyNigMnsB)2Sig alloy (with

of field for a-Feqy-xNisoMn,B12Sig alloys with x =  p =112meV A%) at different temperatures.
0,1.0,and 5.5.

of spin waves is larger at higher temperatures, as is shown in figure 5 for the sample
with x = 3.0 and D = 112 meVA>. This indicates that the high-field slope should
become increasingly negative with increasing temperature. The experimental slope values
are, indeed, found to attain more negative values as the temperature increases from 100
300K (figure 3).

On differentiating equation (4) with respect to H, we get

13p _ an(T,H)
08H 9 am ®

where ¢ = ¢/pes. The quantity on the left hand side of equation (8) is the experimental
value of the high-field slope. The experimental values of (1/0)(8p/3H) (at T = 200 K and
T = 300 K), for all the samples are plotted against the corresponding D values in figure 6.
The variation of an/8H as a function of D, for T = 200 K and T = 300 K, has also been
calculated using equation (3) and is shown in the same figure. The qualitative similarity of
the variation of r/3 H and the experimental (1/p)(8p/8 H) values is noteworthy. However,
their absolute values cannot be compared as they are dimensionally different.
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The above results indicate that the high-field magnetoresistivity behaviour of the present
series can be qualitatively interpreted using the spin-wave picture.
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3.2. Estimation of the magnetic contribution to p(T)

The close qualitative agreement of the high-field magnetoresistance behaviour with that
of the spin-wave model discussed above led us to estimate the magnetic contribution to
resistivity in these alloys. With reference to equation (8), we calculated the value of g
by taking the ratio of experimental values of (1/p){8p/3H) and the calculated values of
an/3H. The value of g obtained is not a constant but lies in the range 1.0 to 3.5 A i
the present model had been perfect, one would have expected g to be a constant. In order
to get an estimate of the magnetic contribution to the resistivity, we have taken the average
value of ¢ at an arbitrary field of 20 kG. The values of g for different samples are shown
in table 1.

The zero-field resistivity behaviour for the present series has been reported earlier [22].
The normalized resistivity data were presented as

(T, 0) = p(Tmin, 0
p(Tmim 0)
where p(T,0) is the zero-field resistivity at temperature 7, and Ty, is the temperature
at which the minimum in resistivity occurs. As Ty, for the present alloys is very low,

P (Tnin, 0) can be approximated to prs in equation (). Using Matthiessen’s rule, we can
express the zero-field resistivity at a temperature T, p(T, (), as

PLT, 0) = Pres + Psw (T, 0) + poc(T) (10)

rn(T) = &)
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where pes is the residual resistivity which is independent of T and H. pg, (T, H) is the
contribution due to spin waves, and g, (T) refers to contributions of any other origin, and
it depends only on the temperature. In equation (10), it has been explicitly assumed that
the field dependence of resistivity arises solely due to spin waves. Substituting the above
expression for p(T,0) in equation (9) and using {7y, 0) & pres, equation (9) can be
rewritten as

Psw (T, 0) + Poc(T)

m(T) = (1)
Pres Pres
Substituting for p.w from equation (1), the above equation can be expressed as
Poc(T)
ra(T)=gqn(T,0) + . (12)
. Pres
Further, substituting for 2(T, Q) from equation (5) the above equation can be rewritten as
ks \** pos(T)
T)Y=g¢g(2. — T2 T
(T) =¢(2.612) (47rD) + p (13)

The temperature dependence of resistivity study on the present series of alloys shows
a T3 dependence for most of the samples [22] . The coefficients by of the 73/2 term in
the resistivity expression for all the compositions in the present series are given in table 1.
Hence, looking only at the temperature dependence, the above equation can be written as

T
boT ¥2 = prit 4 2oxtD) (14)
Prs

where p = ¢(2.612)(kp/4wD)*?. Using the ¢ and D values for each sample, the
corresponding p values were calculated. The ratio p/by has been shown in the percentage
form in table1. This ratio gives an estimate of the spin-wave contribution to the temperature
dependence of resistivity, From the table, it is noted that the spin-wave contribution to the
temperature dependence of resistivity is small (11-27%) and increases as a function of Mn
concentration. It is appropriate to remark here that Kaul ef al [29] have shown evideoce for
a magnetic contribution to p(T") in amorphous ferromagnetic alloys, purely from the fitting
of the zero-field resistivity data.

3.3. Ferromagnetic anisotropy gf resistivity

The ferromagnetic anisotropy of resistivity (FAR) has been calculated from the present
measurements. Tt is defined as
% _ Pls—PLs
Po
where po is the electrical resistivity in zero interna! magnetic field (Hyy). The internal
magnetic field Hiy is defined as Hiyy = H — Hyemag, where H is the external magnetic fieid
and Hyemag = 4w M;Ny. M; is the saturation magnetization at a particular temperature and
Ny is the demagnetizing factor. Ap)s/po and Ap,s/po are the longitudinal and transverse
magnetoresistivities extrapolated to Hiy = 0, respectively. For the present measurements,
the value of Ny is very small as the magnetic field was applied in the plane of the sample
in both the longitudinal and transverse cases and the thickness to width ratio of the samples
is very small. Thus, Hyey,y was assumed to be zero. Accordingly Apys/po and Aps/pg
have been calculated by extrapolating the longitudinal and transverse magnetoresistivities
to H = 0. As done by several other authors [1, 3], we make the following assumption,

po=p(H =0)

FAR = (15)
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Table 2. Far values for a-Fegp— . NiggMn, B 28ig at different temperatures.

x FAR (107Y) PR (107%) EAR (107Y)  mR(107%)  p* (ug)

42K) (100 K) (200K} (300K) (4.2K)
0.0 1829 18.49 13.49 10.69 0.99%
05 2070 19.94 14.40 11.60 1.175
10 1893 18.38 13.08 5.84 0.985
23  16.09 —_ — _ 0.987
3.0 1637 1517 1033 5.62 0.819
43 1881 1435 14.13 — 0.501
55 1485 11.28 3.93 3.88 0.891

* Data taken from [23).

where p(H = () is the resistivity value at zero external magnetic field.

Table 2 shows the FAR values for the present series of alloys, at four different
temperatures. The FAR value for a-Fegg..,NigMn,B12Sis (x = () sample is 18.3 x 10~* and
is in good agreement with the value of & 17.0 x 10~* reported for a-Fe,Nigo-yB2o with
x =40 [1].

From table 2, it is noticed that FAR decreases as a function of temperature, for all the
samples, Similar temperature dependence of FAR has been observed for several other Fe~
based amorphous alloys [3, 30).

Figure 7 shows the FAR data as a function of Mn concentration, at 4.2 K and 300 K.
From this figure we notice that, on the whole, the value of FAR decreases with increasing
Mn concentration, except for a peak at x = 0.5. At x = (.5, the increase observed in FAR is
almost 14%. For amorphous alloys, it is usually believed that FAR tracks the behaviour of
¢, This is justified in the present case by noting that the sharp peak in FAR for the x = 0.5
sample coincides with the sharp peak in magnetic moment observed for this alloy [23].

The following relation has been very often used to correlate FAR with the magnetic
moment, g [31, 32, 33, 34],

A _ oy (16)

£o

where A” and n are constants. However, for the present samples, the FAR and p data showed
a poor fit to the above relation. The values of parameters A’ and » are as follows,

n=1.04 A = 1.8 x 1073,

It has been noted by other workers in this field that the fit to the above equation has led to
values of n ranging from 1 to 8 [1]. Hence, we conclude that though FAR closely follows
the magnetic moment behaviour in the present alloys, it cannot be related to 4 by a simple
relation as given by equation (16).

The theoretical aspects of ferromagnetic anisotropy of resistivity in crystailine
ferromagnetic alloys have been investigated by several authors [8, 9, 10, 12, 33, 36, 37, 38,
39, 40] and one of the most successful models has been the two-current conduction model.
However, Malozemoff [12] criticized the applicability of various assumptions involved
in this model, to weak ferromagnets and metalloid-containing amorphous alloys. Using
the concept of two-current conduction, he obtained a generalized expression for FAR and
resistivity which is valid for both weak and strong ferromagnets. At low temperatures, his
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generalized expression with g = P55y = pss 18 as follows,

_ 2
Aps v (Psa) — Psat) an
Fo (psd.!. + Pss)(psdf + Bes)
o = (pde + Pss)(Osdt + Oss) ] (18)

Psdt + psay + 205

In the above equations, py; and py; are the contributions to resistivity arising from
scattering between s4 and d1 states, and s and d| states, respectively. pup and pgy
arise from scattering between s4-s { states, and s |-s | states, respectively. Here, the spin-
up band is considered the majority spin band. y in equation(17) is proportional to (A He ),
where A is the average value of the spin—orbit coupling constant in the d band, and H,, is
the exchange energy which splits the d4 and d | bands. ¥ has been estimated to be about
0.01 for 3d transition metals [10].

For strong ferromagnets, as the density of states of the spin-up band at the Fermi level
is expected to be zero, pygy & 0, the above equations reduce 1o

Aps (Psdi)2
—_—=y— (19}
Po 4 (Psdl + pss)(pss)
(psdl, -+ pss)(pss)
=0 20
Psa) + 206 20)

Normally, looking at the Slater—Pauling curve [41], we expect the present alloy with
x =10, i.e. a-FeyNiyBi285is, to be a strong ferromagnet. Hence, we carried out calculations
using equation (19) and equation (20). The resuits obtained are shown in table 3. We
found that the value of py is large, ranging from ~210-250 4 @ cm. This valoe is
comparable to that estimated by Malozemoff for metalloid-containing amorphous alloys
{~ 200 u2 em) [12]. The value of py; is found to decrease with x except for a small peak
at x = 0.5.

Table 3. Results obtained by solving equations (19) and (20} for pg; and pg;, with y = 001,
for a-Pesg—x Niggvn, B3Sig alloys.

X ph Qem) gy (wQem)

0.0 25307 133.87
05 23891 143,22
1.0 239.15 129.17
23 23062 106.38
3.0 21364 108.19
55 21084 96.18

* Refer to section 3.3.

Ashworth et al [42] have suggested significant changes in the band structure due to the
addition of early 3d transition metal elements in crystalline Fe-Ni-Me alloys, where Me =
V, Cr, Ti, Mn etc. Hence, it is possible that, in the present alloys, the presence of Mn may
lead to a non-zero density of states near the Fermi level in the spin-up d band. This led us
to use also the generalized expression suggested by Malozemoff (equations (17) and (18)).

As it is not possible to solve for all the unknowns in these equations, we decided to
take a constant value of g, = 200 p£2 cm as suggested by Malozemoff [12] for metalloid-
containing amorphous alloys. Using this value of pg;, the experimental value of FAR and
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absolute resistivity at 4.2 K, the generalized expression was solved for gy and pgqy. In
equation (17} and equation (18), if we define u and v as follows,

U = Peg| + Pss U= Osdp + Oss
and eliminate u, we obtain the following quadratic equation,
v* — (daz + aya)v + (4a§ + alag) =0 21}

where a; = (1/y}(Aps/po) and a2 = pres.

The equations (17) and (18) are symmetric in # and v and we obtained two sets of
symmetric solutions. Since we expect a smaller density of states at the Fermi level in the
spin-up band, we tend to choose the set of solutions for which psp < psay .

The results obtained from the above analysis at 4.2 K are shown in table4. One notes
that for all the samples, the value of pg4y is much smaller than that of pyg). This indicates
that if this series of alloys is ferromagnetically ‘weak’, then the density of states at the
Fermi level in the spin-up d band is very small.

Table 4. Results obtained by solving equation (17) and equation (18) for put and gy,
with pg = 200 u2 cm, and ¥ = 0.01, for a-Feqg_NisgMn, B (2Sig; v1, v2 are the roots of
equation (21), and &) = va, w2 = v.

X Apcfpo  polx) v u; ) Psdt
(1074 (uQcm) (uRcm) (eSem) (wQem) (S cm)

0.0 1830 153 25353 386.93 186,94 53.06
05 2070 147 240.63 377.80 177.80 40,63
1.0 1894 145 239.15 363.32 168.32 39,15
23 1609 137 22897 341.06 141,07 28.97
306 1638 131 218.64 326.82 126,82 18.64
55 1429 125 210.84 307.02 107.02 10,84

At this point, we would like to recall our discussion on the use of equation (16) to
interpret the FAR data in amorphous alloys. The equation correlates FAR to the magnetic
moment of the alloy which in turn depends on the difference between the number of spin-up
and spin-down d electrons. In Malozemoff’s model, on the other hand, it is psa¢ and geay
which are responsible for FAR. As can be seen from table 4, both p.44 and pgq) decrease with
Mn concentration, except for at x = 0.5, in such a way that FAR also decreases. According
to Malozemoff, the py; and py, are proportional to the density of states of df and d{
bands at the Fermi level. However, as one does not have any additional information, either
theoretical or experimental, about the density of states at the Fermi level, it is difficult to
give more meaning to the values of psq4 and pgq) and thus test this model fully. Moreover,
the values of absolute resistivity are not known to a desirable accuracy due to uncertainty in
the determination of the geometrical factor. We would, nevertheless, like to comment that
since a definite correlation between the density of states at the Fermi level and the magnetic
moment may not exist, which would be valid for all amorphous systems, it is not surprising
that the use of equation (16) led to inconsistent results.

3.4. Temperature dependence of FAR

The temperature dependence of FAR for crystalline ferromagnetic alloys has been explained
in terms of Parker’s model [43]. If resistivity is expressed as the sum of impurity g, and
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phonon (or magnon) pgn contributions, then according to Berger et al, FAR (Ap;/po) at an
arbitrary temperature can be written as j44]

Ap(T) _ (ﬁq) - (ﬂ) _ (ﬁ) po(4.2) @2
Lo 00 /pn Po S P0 /oh Lo(T)

where po(4.2) is the resistivity at 4.2 K, and [Ap/pokim and [Ap/polpn are the impurity
and the phonon contributions to FAR, respectively. If we try to derive an expression of
EAR for amorphous alloys following Berger et al [44] by using equation (10), we shall
get an equation exactly similar to equation (22), except that p, will be replaced by the
temperature-independent part of the resistivity, namely pres, and pp will be replaced by the
temperature-dependent part, namely the sum of py, and pe. Even though the number of
data points is small, we ventured to plot Ap(T)/pp versus pg(4.2)/po(T), referred to as
the Parker plot (figure 8). As is apparent from the figure, the data points fall on a straight
line indicating that the modified Parker’s model may be applicable to amorphous alloys.
The contribution to FAR from the temperature-independent and temperature-dependent parts
of the resistivity, estimated from the intercept and slope of the straight lines, are shown in
table 5.

257

20F

FAR (167°%)
b
NI

o
—

1 l L
0 0.52 0.94 0.9 058 1.00

0 (4.2)/9(T)

Figure 8. Parker’s plots for a-Feqp—xNiypMn; B2 Sig alloys with x = 0.5 and x = 3.0.

4. Conclusions

The present study allows us to draw the following conclusions,

(i) In the present atloys, the effect of Mn on the high-field slope (1/p)(8p/0H) is
distinctly different from that of other early 3d T™s like Cr or V in similar alloys. For the
present alloys, the high-field slope becomes more and more negative with increasing Mn
concentration, while the addition of Cr or V in similar alloys causes the slope to change
sign from negative to positive.
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Table 5. The contibution to FAR from the temperature-dependent and temperature-independent
parts of the resistivity, [Ap/ools and [Ap/pols respectively.

x  [Ap/eala (1073 (Ap/eods — (As/fooda (1077} [Ap/pols (107%)

00 -11.29 13.38 2.086
05 -3.57 10.68 2,112
1.0 -19.11 21.36 2,175
3.0 1346 15.13 1.670

(il) The composition and temperature dependence of the high-field slope could be
understood qualitatively in terms of a reduction in the number of spin waves with increasing
field. Under the assumption that the negative high-field slope is caused soiely by a reduction
in the density of spin waves, we broadly estimated the spin-wave contribution (1-27%) to
the temperature dependence of zero-field resistivity.

(iii} FAR closely follows the magnetic moment behaviour of these alloys. It decreases
with Mn concentration except for an increase (= 14%) for the composition that shows an
anomalous increase in saturation magnetization. However, the simple relation given by
equation (16) is not valid,

(iv) The FAR data were analysed in the light of a TCC model generalized for metalloid-
containing amorphous alloys. The contributions to resistivity arising from scattering between
st and d 1 states, and 5] and d ] states, ps; and psqy, respectively, were determined. It
was found that the density of states af the Fermi level in the spin-up d band is much smaller
than that in the spin-down d band.
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