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Abstract. Longitudinal and transvex magnetoresistivity measurements have been performed 
on a-Fea-,NwMn,BnSis alloys (0 < x < 5.5) in fields up to 40 M. at 4.2 K I00 K, 
200 K and 300 K. Above technical saturation, all the alloys exhibit a negative slope, i.e. 
the resistivity decreases as a function of the magnetic field. The high-field magnetoresistivity 
s lop  becomes more and more negaIive with increasing Mn concentmtion, Assuming that the 
negative slope of magnetoresistance is caused by the suppression of spin waves the t e m p e m  
and composition dependence of magnetoresistivity of the p m n t  heries could be qualitatively 
undastood The spin-wave contribution to the rem-field resistivity has been estimated using 
a simplified approach. Furthemre, the ferromagnetic anisotropy of resistivity (FAR) has been 
calculated and the results are analysed in the light of a hvoullTent conduction model generalized 
m weak fem"& and amorphous alloys. 

1. Inhaduction 

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 [l, 2, 3, 41. 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 results 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 (Kc) model which was originally developed to study the FAR data of crystalline 
alloys [6, 7, 8, 9, IO]. A few attempts have been made to use this model to study the 
transition from weak to strong ferromagnetism in amorphous magnetic alloys [I ,  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 stiffness 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 transition 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 causes complicated changes in the transport properties, namely 
a second minimum in the temperature dependence of resistivity [13,14,15,161, and change- 
over of the high-field magnetoresistance slope from negative to positive values [ 16, 17, 181. 
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. 

Mn 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 F e  and FeNi-based alloys causes changes 
in the magnetic properties similar to those caused by Cr and V 119, 20, 21, 221. At the 
same time, the resistivity study on these alloys shows the absence of a second minimum, 
indicating that the mechanism which is dominant in the Cr- or V-substituted alloys is not 
significant in these alloys 1221. 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 Fem-xNimMn,B&i alloys (0 < x < 5.5) has been reported. The 
measurements were ma& in the field range WO kG, 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 Experimeotal details 

Amorphous Fe~,NimoMnxB12Sis ribbons (0 < x < 5.5) were prepared by the melt spinning 
technique. All the alloys were ferromagnetic with T' 480 K 123. 241. 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 
40 kG, 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: 4.2K. 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 6177C DC) with stability better than SO 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 DRC82C 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 

Here, p ( T ,  H )  is the resistivity at a given temperature T and field H. The subscript 11 (I) 
denotes that the field is applied parallel (perpendicular) to the current direction. 
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3. Experimental results and discussion 

The magnetoresistivity data (Aplp)  at 4.2 K for some of ow samples are shown in 
figure 1. From the figure, it is noticed that, at low fields, the longitudinal magnetoresistivity 
(App~~/p) is positive and increases rather sharply with increasing field, whereas the transverse 
magnetoresistivity (ApJp) 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 [l, 2.31. The 
slope of the magnetoresistivity curve above technical saturation will be henceforth referred 
to as the high-field slope ( l /p ) (ap/aH) .  
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Figure 1. Magnetoresistivity data for a-Fego.l-yNiyMn,BIISig alloys at 4.2 K. 
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3.1. High-field magnetoresistivily behaviour 

For a-Fe40-xNimMn,BlzSia alloys, the slope (l/p)(ap/aH) 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 to more negative values with increasing Mn 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, 181. In figure2, 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 [Z]. 

-IQ 

0 0  

-1.0 -- 
-1.5 4 

-3.0 -4.0 
-3.5 -4.5 
-4.0 -5.0 
- 4.5 - 5.0 o 100 200 300 

Mn concentration l x )  Temperalure ( K )  

Fi- z variation of ( i lp)(aplaH) as a function of ~igure 3. m e  high-field slope ( i lp ) (ap/aH)  plotted 
x for a - R ~ - x N u o M n x B ~ ~ S i i  alloys. The tine through versus temperalure for a-Fm-INi4aMn,BlzSis alloys. 
the dam pints  s e w s  only as a guide. The line through the data points serves only as a guide. 

For a-Fem-,NwMn,Bl& alloys, the (l/p)(ap/aH) 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 I(. A similar behaviour has been 
observed for a-Fem_,,2Ni~-,,zCr,MqBloSill 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, 181. 

Thus, we see that the high-field magnetoresistivity slope in the present alloys is always 
negative unlike in Cr- or V-containing alloys. Thii 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, pw,  is proportional to the density of spin waves 
excited at that temperature and field. This can be expressed as 

(1) 
where c is the proportionality constant and n(T, H) is the density of spin waves at 
temperature T and field H. As described in section 2, the magnetoresistivity data have 

p d T ,  H )  = cn(T, H )  
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been presented as 

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

Here, (Ap(T,  H ) / P ) ~  represents only 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, 
prer 12.51. Thus, p(T,O) in the right hand side denominator of equation (3) can be 
approximated to pm, 

where An(T, H)= [n(T, H) - n(T ,  O)]. Equation (4) indicates that above technical 
saturation, the behaviour of the magnetoresistivity, ( A ~ / P ) ~ ,  should be similar to that 
of An(T.  H). 

According to Keffer 12-51. the density of spin waves n(T,  H), excited at a temperature 
T and field H, can be estimated using the following expression, 

where ks is the Boltzmann constant, g is the gyromagnetic ratio, p~g is the Bohr magneton, 
and D is the spin-wave stiffness constant. In equation (3, F(s ,  t H )  is the Bose-Einstein 
integral function. According to Robinson 1271, for t H  1, F(3/2, fH) can be expanded as 

(7) ti +7+- 3.54 1.46 0.104 0.00425 
F - , tH  'Y{  - c ) (3 tr tH 

where, {($)=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, tH) and the experimental D values in the expression for n(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 2 100 K so as to satisfy the condition t H  > 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. 
resistivity for a-Fea-.NhMn,BnSis Buoys. 

Estimated spin-wave contribution. p{bo (B), Lo the temperature dependence of 

~~ 

x D’ (mev A*) q‘ (A3) P’ (IO-’) bt ( 1 0 9  plbo (56) 

0.0 169 3.30 0.223 1.960 11.3 
0.5 I40 2.76 0.247 2173 11.4 
1.0 128 228 0.232 1.833 12.7 
3.0 112 2.30 0.288 1.387 m.7 
5.5 94 2.02 0.328 1.199 27.4 

a Dala taken from 1241. 
‘ Refer to section 3.1 and &on 3.2, 

0.0 

- 

-0.0012 

Field(kC) Field (kG) 

Figure 4. Variation of b ( T ,  H )  - n(T.  0)) (calculated 
a T = 200 K using equation Q) is shown as a function 
of field for a-Fe40-~NiuMn,Bl& alloys with x = 
0, 1.0,and 5.5. 

Figure 5. Vxiation of In(T. H )  -n(T, 0)l is shown as 
afunction of field for a-Fe3,Nqgh$rqB),Si8 alloy (with 
D = 1 1 2 m e ~ A  1 &different ~ m p e ~ u r e s .  1 

of spin waves is larger at higher temperatures, as is shown in figure 5 for the sample 
with x = 3.0 and D = 112 m e v i z .  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 1OC- 
300 K (figure 3). 

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

where q = c /pm.  The quantity on the left hand side of equation (8) is the experimental 
value of the high-field slope. The experimental values of ( I / p ) ( a p / a H )  (at T = 200 K and 
T = 300 K), for all the samples are plotted against the corresponding D values in figure6. 
The variation of a n / a H  as a function of D ,  for T = 200 K and T = 300 K, has also been 
calculated using equation (5) and is shown in the same figure. The qualitative similarity of 
the variation of a n / a H  and the experimental ( I / p ) ( a p / a H )  values is noteworthy. However, 
their absolute values cannot be compared as they are dimensionally different. 



Anisotropic magnetoresistance in a-FeNiMnBSi alloys 5499 

The above results indicate that the high-field magnetoresistivity behaviour of the present 
series can be qualitatively interpreted using the spin-wave picture. 

D (movb' l  

T-300K 

3 5k 0 Mn concentration (x) 

Figurr 6. Variation of an/aH (calculated using F i  7. FAR values plotted as a function of x 
equation (5)  and H = 40 kG) as a function of D (shown at different tempratnres for a-Fe4o-.Ni40MnXB12Sis 
as full cnn'es). Alsa shown is the experimental high- alloys. 
field slope ( I / p ) ( a p / a H )  (at ZOO K and 300 K) as a 
funetion of D for a-Fem-,N&Mn,BlzSis alloys. The 
dashed line through h e  data poinls serves only as a 
guide. 

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 (S), we calculated the value of 4 
by taking the ratio of experimental values of (l/p)(ap/aH) and the calculated values of 
an/aH. The value of 4 obtained is not a constant but lies in the range 1.0 to 3.5 A3. If 
the present model had been perfect, one would have expected q to be a constant. In order 
to get an estimate of the magnetic contribution to the resistivity, we have taken the average 
value of q at an arbitrary field of 20 kG. The values of q for different samples are shown 
in table 1. 

The zero-field resistivity behaviour for the present series has been reported earlier 1221. 
The normalized resistivity data were presented as 

where p(T.0) is the zero-field resistivity at temperature T, and T,,jn is the temperature 
at which the minimum in resistivity occurs. As Tdn for the present alloys is very low, 
p(T,,, 0) can be approximated to pm in equation (9). Using Matthiessen's rule, we can 
express the zero-field resistivity at a temperature T ,  p(T,  0), as 

P ~ T ,  0)  he^ + pw(T, 0) + P-V) (10) 
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where pns is the residual resistivity which is independent of T and H. p,,(T, H) is the 
contribution due to spin waves, and p,(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 p ( T ~ . .  0) h, equation (9) can be 
rewritten as 

Psw(T, 0) + P m V )  
PIU Pm 

r d T )  = 

Substituting for psw from equation (1). the above equation can be expressed as 

Further, substituting for n(T.0)  from equation(5) the above equation can be rewritten as 

The temperature dependence of resistivity study on the present series of alloys shows 
a T’n dependence for most of the samples 1221 . The coefficients bo of the T3/* 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 

(14) 

where p = q(2.612)(ka/4~D)~n. Using the q and D values for each sample, the 
corresponding p values were calculated. The ratio plbo has been shown in the percentage 
form in tablel. 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 (1 1-27%) and increases as a function of Mn 
concentration. It is appropriate to remark here that Kaul et al [29] have shown evidence 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 of resistiviry 

The ferromagnetic anisotropy of resistivity (FAR) has heen calculated from the present 
measurements. It is defined as 

P o c V )  boT 3/2 = pT3f2 + - 
ha 

(15) 
= - APS = Pli. - PLs 

Po Po 
where po is the electrical resistivity in zero intemal magnetic field (Hinl). The internal 
magnetic field Hi,,, is defined as Hint = H - H & W ,  where H is the external magnetic field 
and HhnY = 4xM&. M. is the saturation magnetization at a particular temperature and 
Nd is the demagnetizing factor. ApllJpo and Appls/po are the longitudinal and transverse 
magnetoresistivities extrapolated to Hinl = 0, respectively. For the present measurements, 
the value of Nd 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, was assumed to be zero. Accordingly Aplls/po and Aplr/& 
have been calculated by extrapolating the longitudinal and transverse magnetoresistivities 
to H = 0. As done by several other authors [I ,  31, we make the following assumption, 

po = p(H = 0) 
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Table 2. FAR values for a-Fe40-iNuoMn,B!rSia ai diffeerent temperatures 

x FAR(IO-') FAR(IO-') 
(4.2 K) (100K) 

P' @B) 
(4.2 K) 

0.0 18.29 18.49 
0.5 20.70 19.94 
1.0 18.93 18.38 
2.3 16.09 - 
3.0 16.37 15.17 
4.3 18.81 14.35 
55  14.85 11.28 

13.49 10.69 
14.40 11.60 
13.08 5.84 

10.33 5.62 
14.13 - 
3.93 3.88 

- - 

0.999 
1.175 
0.985 
0.987 
0.919 
0.901 
0.891 

* Data taken from [U]. 

where p ( H  = 0) 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-Fem-,NimMn,B&a (x  = 0) sample is 18.3 x lo4 and 
is in good agreement with the value of w 17.0 x reported for a-Fe,Nim-xB20 with 
x = 40 [l]. 

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, 301. 

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 = 0.5, the increase observed in FAR is 
almost 14%. For amorphous alloys, it is usually believed that FAR tracks the behaviour of 
f i .  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, p [31, 32, 33. 341, 

APs -=  
PO 

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 n are as follows, 

n = 1.04 A' = 1.8 x 

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 [I]. Hence, we conclude that though FAR closely follows 
the magnetic moment behaviow in the present alloys, it cannot be related to p by a simple 
relation as given by equation(l6). 

The theoretical aspects of ferromagnetic anisotropy of resistivity in crystalline 
ferromagnetic alloys have been investigated by several authors [8, 9, 10, 12, 35,36, 37, 38. 
39,401 and one of the most successful models has been the two-current conduction model. 
However, Malozemoff [I21 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 



In the above equations, pdp and psd~ are the contributions to resistivity arising from 
scattering between s f  and d f  states, and s $  and d &  states, respectively. psJt and pssl 
arise from scattering between s f-s f states, and s J.-s $ states, respectively. Here, the spin- 
up band is considered the majority spin band. y in equation(l7) is proportional to (A/HCx)*. 
where A is the average value of the spin-orbit coupling constant in the d band, and He, is 
the exchange energy which splits the d t  and d $  bands. y has been estimated to be about 
0.01 for 3d transition metals [lo]. 

For strong ferromagnets, as the density of states of the spin-up band at the Fermi level 
is expected to be zero, p rd t  % 0, the above equations reduce to 

Normally, looking at the Slater-Pauling curve [41], we expect the present alloy with 
x = 0, i.e. a-FeaNbBltSis, to be a strong ferromagnet. Hence, we canied out calculations 
using equation (19) and equation (20). The results obtained are shown in table 3. We 
found that the value of pss is large, ranging from -210-250 p S2 cm. This value is 
comparable to that estimated by Malozemoff for metalloid-containing amorphous alloys 
(- 200 pLR cm) 1121. The value of psd4 is found to decrease with x except for a small peak 
at x = 0.5. 

Table 3. Results obtained by solving equatians (19) and (7.0) for pw aud p d ~ ,  wilh y = 0.01, 
for a-bo-rNmMn,BI& alloys. 

0.0 253.07 133.87 
0.5 238.91 143.22 
1.0 239.15 129.17 
2.3 230.62 106.88 
3.0 218.64 108.19 
5.5 210.84 96.18 

* Refer to section 3.3. 

Ashworth el a1 [421 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 psr = 200 pQ cm as suggested by Malozemoff [12] for metalloid- 
containing amorphous alloys. Using this value of ps, the experimental value of FAR and 
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absolute resistivity at 4.2 K, the generalized expression was solved for pdt and pdi .  In 
equation(17) and equation(18). if we define U and U as follows, 

U = psdl + Pre U = Psdt + Pm 

and eliminate U, we obtain the following quadratic equation, 

U' - (4az + alaz)u + ( 4 4  +ala;) = 0 (21) 

The equations (17) and (18) are symmetric in U and U and we obtained two se& of 
symmetric solutions. Since we expect a smaller density of state8 at the Fermi level in the 
spin-up band, we tend to choose the set of solutions for which Psdt< PsdL. 

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 pdt is much smaller than that of &$. This indicates 
that if this series of alloys is ferromagnetically 'weak', then the density of state8 at the 
Fermi level in the spin-up d band is very small. 

where a1 = ( l / y ) ( A d m )  and = P ~ .  

0.0 18.30 153 25363 386.93 186.94 53.06 
0.5 20.10 141 240.63 311.80 1Il.80 40.63 
1.0 18.94 145 739.15 368.32 168.32 39.15 
2.3 16.09 137 228.91 341.06 141.07 28.91 
3.0 16.38 131 218.64 326.82 126.82 18.64 
5.5 14.29 125 210.84 307.02 107.02 10.84 

At this point, we would like to recall our discussion on the use of equa n (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 psdi and 
which are responsible for FAR. As can be seen from table 4, both Psdf and PsdJ decrease with 
Mn concentration, except for at x = 0.5, in such a way that FAR also decreases. According 
to Malozemoff, the Psdt and PsdJ. are proportional to the density of states of d t  and dJ. 
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 psdt and psd~ 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 pim and 
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phonon (or magnon) &h contributions, then according to Berger et ai, FAR (Ap,/po) at an 
arbitrary temperature can be written as [441 

where po(4.2) is the resistivity at 4.2 K, and [Ap/pohm and [Ap/p0lph are the impurity 
and the phonon contributions to FAR, respectively. If we try to derive an expression of 
FAR for amorphous alloys following Berger et ai [44] by using equation (10). we shall 
get an equation exactly similar to equation (Z), except that hm will be replaced by the 
temperature-independent part of the resistivity, namely hs. and Pph will be replaced by the 
temperature-dependent part, namely the sum of psw and pW. Even though the number of 
data points is small, we ventured to plot Ap,(T)/po versus p&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. 

*5r----- 

0 0.92 0.94 0.96 0-98 1.00 

9 ( 4 . 2  ) / ? ( T I  

Figure S. Parker’s plots for a-Fea-iNi40Mn,BIaSis 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 alloys, the effect of Mn on the high-field slope (l/p)(ap/aH) is 
distinctly different from that of other early 3d TMS like Cr or V in similar alloys. For the 
present alloys, the high-field slope becomes more and more negative with increasing Mo 
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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lsble 5. The contibution to PAR from the temperahuc-dependent and temperalure-independent 
partr of Lhe resistivity, IAp/mlta and [Ap/mlti respectively. 

x [Ap/m]ta (IO-’) (Ap/m)ti - (Ap/m)la (IO-’) [Aplmlti (IO-’) 

0.0 -11.29 13.38 2.086 
0.5 -8.57 10.68 2.112 
1.0 -19.11 21.36 2.175 
3.0 -13.46 15.13 1.670 

(ii) The composition and temperature dependence of the high-field slope could he 
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 solely by a reduction 
in the density of spin waves, we broadly estimated the spin-wave contribution (1-27%) to 
the temperahue 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 (W 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 
s f  and d t  states, and sJ and dJ. states, psat and PsdJ, respectively. were determined. It 
was found that the density of states at the Fermi level in the spin-up d band is much smaller 
than that in the spin-down d band. 
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