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Analysis of the magnetoresistance of three-dimensional 
amorphous metals with weak localization and 
electron-electron interaction theories 
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Bau V/I 1 Physik, Universitat der Bundeswehr Miinchen, D-8014 Neubiberg, 
Federal Republic of Germany 

Received 16 July 1991 

Abstract. The magnetoresistance of three-dimensional amorphous metals with strongspin- 
orbit scatfering is often difficult to fit to present theories of weak localization and electron- 
electron interaction. Especially, the fitted values are sensitive to various assumptions in the 
fits andonlyquite wide ranges forthe parameters controlling the phenomenacan be given. 
Two methods to extract the parameters in a less sensitive way are discussed. A good 
agreement with theory is found. The principal behaviour for the studied strong spin-arbit 
scattering system is identical to what is found in amorphous metals with weak spin-arbit 
scattering. 

1. Introduction 

The low-temperature behaviour of the electrical resistivity p and of the magneto- 
resistance Ap(B)  = p ( B )  - p(0) for 3D amorphous metals can be explained in terms 
of weak localization (WL) and electron-electron interaction (EEI) effects [I-lo]. The 
temperature coefficient of p is generally negative, but in some alloy systems a shallow 
minimum and maximum in p(7‘) can be observed. The magnetoresistance is either 
positive or negative with A p ( B )  - B2 for low B and Ap(B)  - B’” for high B. The 
magnitude of the effects is proportional to p, since both WL and EEI depend on a short 
elastic electron mean free path. 

Although good overall agreement with theory can be stated, there are difficulties in 
obtaining consistent quantitative values for the parameters controlling p(T) and Ap(B) 
within the theories. In principle, it should be possible todetermine theinelasticscattering 
time z,,, the spin-orbit scattering time z,, and the electron-electron screening parameter 
Fthrough 

p ( T )  = d o )  + A d ~ d T ) ,  Cso, p. D)WL + A d F ,  T, p ,  DIE,, (1) 
when the electronic diffusion constant D and p are known. The WL part is given by 
Fukuyama and Hoshino [ll] and the EEI part by Altshuler, Aronov and co-workers in 
a number of papers [la, 12-14]. The temperature dependence of T , ~  is, however, not 
necessarily a simple power law z,, - T-P over the studied temperature range, as it would 
be if only one scattering mechanism dominates. Different models for the temperature 
dependence of T , ~  give p = 1.5 for inelastic electron-electron scattering andp = 2,3 or 
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4 for inelastic electron-phonon scattering [15]. One would also expect fie to saturate 
when T-+O owing to either zero-point motion [16] or spin-fiip scattering from small 
amountsof magnetic impurities [17]. 

ossible that the temperature dependence given by EEI effects, 

dence even at such low temperatures as a few Kelvins [18]. This is in the temperature 
range where p(7‘) can usually be interpreted in terms of a TI’’ behaviour in amorphous 
alloys. Furthermore, both the contributions to p ( T )  that are relevant in the discussion 
of the origin of the negative temperature coefficient of amorphous metals at?oom 
temperature as well as the normal Boltzmann conductivity have to be considered when 
T 2  10 K. It is therefore, in practice, impossible to say anything specific about t,,, t,, 
and F by using only equation (1). 

The magnetoresistance alone or better combined with p ( T )  offers a better oppor- 
tunity. The contribution from classical magnetoresistance effects can be estimated to 
A p ( B ) / p  Q [19] and is negligible. Thecomplete contribution to Ap(B)  is thusgiven 

It is also - T’ K , has to be corrected with a term that weakens the temperature depen- 

by 

= AP(tic(T). Tm, P ,  D , g * ,  B)wr + A d F ,  P ,  D, T , g * ,  B)ph 

+ Ap(g(T, B ) ,  P. D, T, WPp (2) 

where ApwL includes the effect of spin splitting as given by Fukuyama and Hoshino [ 111, 
ApWh is the EEI effect in the particle-hole channel given by Lee and Ramakrishnan [20] 
and ApWp is the EEI effect in the particle-particle channel given by Altshuler et al 
[21]. The parametersgl andg(T, B)  are an effective g-factor and an electron-electron 
interaction constant, respectively. The fit of equation (2) to experimental data is also 
problematic. The EEI contributions are generally small when p e E / k B T <  1. Thus for 
fields of a few teslas the main contribution to Ap(B)  comes from WL ( T  3 4 K assumed). 
In strong spin-orbit scattering systems, i.e. tro < tie and Ap(B)  > 0, the magnitude of 
Ap(B)  is often found to be larger than what is expected from theory. In the fittings this 
may appear asa ~,~rapidlyapproachinginfinityas Tisdecreased. One also hastosuspect 
that a strong temperature dependence, such as qe - T3,  down to T = 4 K has the same 
origin rather than a true physical behaviour of tie, since in weak spin-orbit scattering 
systems, t, > 5ic and A p ( B )  < 0, ticshows a weakeningin the temperature dependence 
starting already at 10 K and saturation in tie as T+ 0 [7.10,22]. At higher temperatures 
ric - T-P withp varying between 2and4 for different alloys, indicatingelectron-phonon 
scattering as the main inelastic scattering mechanism. 

Trudeau and Cochrane [U] have proposed that in nearly magnetic alloys the spin 
splittingin the wexpression isenhanced with thestoner enhancement factor (1 - I)-1, 
thusg* + g*/(l - 2). The maximumvalue of A p ( B )  withinthe WLcontributionbecomes 
most important at the lowest temperatures. If these temperatures can be fitted, it is 
usually no problem to fit A p ( B )  at higher T. The problem of an apparent temperature 
dependence of 5,. found by Hickey et a l [7]  may be solved by introducing the Stoner 
enhancement factor. Thus usually means that g* is a fitting parameter as well. 

When all these aspects have been considered, the allowed ranges for t,, and r,, are 
wide and the information on the EEI parameters Fand g( T ,  E )  is lost in most cases. 

Before one applies the theory to data one would like to simplify the problem as 
much as possible. This can be done first of all by selecting samples that are neither 
superconductingnor magnetic. The contribution fromsuperconducting fluctuations well 
above the superconducting transition temperature and scattering from large amounts of 
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coupled spins can then be neglected. Secondly, one can study a limit where the theories 
become simpler or use special features in the data. 

In this paper two methods will be investigated. The first suggests the possibility of a 
separation of Ap(B)EElfrom Ab(@ before fitting to theory. The result is compared with 
the result from p( r). The second method uses the BZ range of Ap(B) to determine ri.( i“) 
and rro on Cu65Ti35 over an extended temperature range. In this regime Ap(B) = 
a(ri,. tW)B2 instead of Ap(B) = p(ri., rW, B). To reach this limit a resolution of about 
lo-’ in the measurements is necessary. Another advantage with this method is the 
absence of EEI contributions in Ap(B) at low T. 

2. Theoretical expressions 

The temperature-dependent correction t o p  from weak localization is [11] 

Ap(PwJp = pA[L’i2 - 3(t + 1)”2] ( 3 4  

t = ~ , i 4 ~ , ,  (36) 

A = (ez/2a2fk)(Drs,,)-’n (3d 

AP(~)EEI/P = -pG3(e2 /2z2 fk ) (1 .294 /~) (kBT/ fkD) ’12  ( 4 4  

with 

and from electron-electron interactions we have [la, 12-14] 

with 

G) = 6(4 - BFo) 
Po = (32/3F)[(1 + P)’” - 1 - P] ( 4 4  

where Fis the Coulomb potential averaged over the Fermi surface. Equation (3a) has a 
maximum for t = Q. 

The magnetic field dependence due to weak localization including spin splitting [ll] 
is 

with 

h = eDBr,,/h 

Y = k*l”eh/&D)’ 
t ?  = t +  0.5[1 i ( 1  - y)’”] 

0.6049 whenx = 0 

whenx S 1, f3(x) = [x-3/2/48 

TheparameterstandA aredefined byequations(3b)and (3c)respectively. The function 
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Figure 1. The function At) (equation (66)) for 
(from left) g* = 0 and g* = gFE = 2 versus t on 
double log scale. The figure shows the effect of 
adding spin splittinginweak localization. At small 
values oft (low T )  there is almost no difference in 
the curves, but at large t (high T) it could be 
considerable. The arrow indicates the maximum 

4 -3 -2 -1 0 1 inAp( T),,,,att = A. Thecurvesarecalculatedwith 
D = 0.315 cm2 s-I valid for Cy,Ti,,. log(t) 

f3(x)  is the Kawabata function [24]. The expression is valid for all y .  The spin-orbit 
scattering time is defined as an isotropic lifetime t,, = ( T ~ , ) ~  = (t& = (&. Redefining 
it as a global lifetime gives t,+ 3t, [25]. If the diffusion constant D %- 1 cm2 s-', the 
spin splitting can be neglected [9] by setting g* = 0. For amorphous metals D is often 
lower than 1 cm2 s-' and the spin splitting has to be included. 

For low magnetic fields equation (5a) can be simplified to 

AP(B)~L/P = p(e4/2n2h3) ( ~ t ~ ~ ) ~ / ~ f ( t ) ~ ~  (6a) 
with 

f ( t )  = &[[t-3/2 - 3(t + 1)-3/2] + (y ' /8 ) [ t - ' /2  + ( t  + 1)-'/2] 

+ (y'/2)[t'/2 - (t + 1 ) q  (66) 

y' = (8*p~/2eD)~.  (64 
A plot off(?) is shown in figure 1. 

The electron-electron interaction in the particle-hole channel gives [20] 

with 

H3 = F (76) 
x'/' - 1.294 whenx %- 1 

whenx 6 1 g3(x) = {0.056x2 

and the corresponding contribution in the particle-particle channel can be written as 
[211 

with 

1.900 - 2.294/~'/' whenx % 1 

' = IO. 329 x2 whenx 6 1 
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with Ig(T, B)j < 0.2 for most metals. The temperature and magnetic field dependence 
is weak and is assumed here to be constant, g( T,  B )  = g .  Alternative expressions of this 
term [la, 261 have been compared and discussed by Baxter er al[27,28]. For simplicity 
Po (in equation (4c)) will be used when p(T)  is considered and F(in equation (76)) for 

Numerically convenient expressions for the functions f3(x), g&) and q&) have 
AP(B). 

been given by Ousset er ai [29,30]. 

3. Separation of weak localization and electronslectron interaction effects 

Instead of determining the EEI constants Fandg by making a full fit to WL and EEI effects, 
one can first try to separate Ap(B) into A P ( B ) ~ ~  and Ap(B)EEI=Ap(B)ph+ 
Ap(B),, and then only fit the EEI part. The separation is reduced to subtracting a 
temperature-dependent parameter, by assuming that Ap(QEEI can be neglected when 
pBB/kBT< 1 and that AP(B), , ,~ has a weak temperature dependence. The latter con- 
dition means that curves of Ap(B) ,  are parallel above some low value of B. The 
Ca,(AI,Mg), system was shown recently to be the only 3D amorphous metal system so 
far known where the observed Ap(B) is in excellent agreement with theory down to 
0.1 K [31, 321. Figure 2 shows ApEEI for Ca,Mg,,Al,, obtained by first subtracting 
Ap(B)/p at 4.2 K from all other A p ( B ) / p  and then making a small correction for the 
presence of EEI effects in Ap(B)/p at 4.2 K for B > 4 T. This can be made by demanding 
A P ( B ) ~ ~ ,  - C B ' / ~  and c temperature-independent when .uBB/kBT> 1. The tem- 
perature-dependent parameter from WL can be taken to be constant at T < 4 K for this 
alloy and, in particular, t,, = constant. Figure 3 shows Ap(B,  T ) / p  - Ap(B, 4.2 K)/p 
for Ca7aA130. The WL effect is here not saturated. Both alloys show clearly the presence 
of EEI, which otherwise normally can only be observed by the behaviour of p(T) .  
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Figure 3. The difference between Ap(T, B)/p and Ap(4.2 K. B)/p versus B'I2 for Ca7&llo. 
Symbols: (A)O.lS K. (0) 0.38 K. (0) 0.78 K, (0) 1.43 K. 

Figure4.Thediflerence between Ap( T, B)/pand 
Ap(4.2 K. B)/p versus B'O for CueTil,. The WL 
contribution has a stronger temperature depen- 
dence in this alloy than in Ca(AI,Mg) as seen 
in [Ap(T, B )  - Ap(4.2 K, B)]/p below 1 T, Sym. 
bok: (V)O.llK,(0)0,55K,(O) 1.5K. 

FigureS. The Ap( B)/p versus B' plot for Cu,Ti,,. 
The straight lines are fits to Ap(B) = wBi. 
Symbols: (A) 1.48K, ( A )  2.16K. (0) 2.88K: 
(0)4.21K,(0)7.59K.(B)12.8K. 

The same method can be applied to Ap(T, B )  of CuTi alloys by re-examining data 
from [33]. Data for Ap(T, B ) / p  - Ap(4.2K, 5 ) / p  for Cu,;Ti,, are shown in figure 4. 
The contribution from WL has a stronger temperature dependence in this sample. For 
CumTim and Cu65Ti3S the data have a higher noise level, but the principle behaviour of 
Ap(T,  5 ) / p  - Ap(4.2K, B)/pisidentical. Resultsof fitsusingequations(7) and (8)are 
listed in table 1. Data for all temperatures were fitted simultaneously. The effective g- 
factor g* is assumed to be the free-electron value g, = 2. The value of g* is briefly 
discussed in section 4. 

The Po parameter can be obtained from p(T)  at low temperatures from equation (1) 
if t h e w  contribution is known. For the Ca(Mg,Al) alloys the temperature dependence 
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Table 1. Sample properties and EEI parameters obtained in fits to and calculations from 
theory. 

1 dpb 
p d( TI/') 

- -- 
P D' 

Sample (pQcm) (cm's-') (IO-'K-'fi) gc FI Fd Poc Pa (caic)' 

Ca&g,,Alll 126 + 4 2.05 1.35+0,1 -0.018 0.41 0.26 0.39t0.05 0.65 
C a d %  312 2 7  0.97 5.66 t 0.1 -0.001 0.25 0.24 0.31 2 0.03 0.60 
CbTiss 195+5 0.250 10.1 t0.5 -0.007 0.36 0.31 <0.08 0.82 
CuMT& 187 2 5  0.285 6.45 20.3 - - 0.4' <0.32 0.82 
CydTiu 1822 5 0.315 5.30k 0.3 - - 0.5' 0.24-0.40 0.82 

' Calculated from specifieheat measurements in [361 and 138). 
bForCa(A1,Mg),0.2<T<4.2K;andforCuTi,0.25< T <  1K. 
=gandFfitted. 
* Ffitted with g = 0; 'for CumTioTi, and Ck'Ii, Fis calculated from Ap(E), ,  = aB'R. 
e ~oascalculatedfromp(T). 

Theoretical values calculated as described in the text. 

of qe is weak or absent. The observed temperature dependence of p thus mainly stems 
from EEI. Values are listed in table 1. For CyITii3, we extrapolate zle = 6.0 X 10-'O//T 
for T < 1.5 K and zyO at most of the order of some picoseconds (see section 4 ) .  When 
qe %- z, the temperature-dependent part of equation (3) is approximated by 

Ap(T)/p = p (e2/4x2h)(Dr,)-'/2. (9) 
From equations (4) and (9) can be calculated. This gives Fo = 0.28 2 0.04. The 
extrapolated temperature dependence of z,, can be too strong for 0.3 K < T < 1.0 K, 
which may underestimate Fo. Setting z,, = constant gives the upper limit of pn = 0.40. 

A free-electron model and the Thomas-Fed approximation give 

F = In(l+ x)/x (104 

x = (4x4h4~,/eZm2)N(0) (106) 

with 

where N(0) is the electronic density of states and E,, the dielectric constant. Equations 
($1 and (10) yield 0 S F,, S 0.93 for 0 S F S  1. An approximation to equation (4c) is 
F, = 0.9F. Free-electron values for N(0) give 0.45 S Po S 0.55 for most amorphous 
metals. The density N(0) as calculated from the specific heat and a corresponding 
enhancement of the electron mass over the free-electron mass gives higher valuesfor Po 
as given in table 1. 

The values for and Fas determined from experimental data are much lower than 
the calculated one. The agreement between Ffrom Ap(B) and Po from p(T)  is good, 
with Cu45Ti55 as an exception. The contribution to p ( T )  from the particle-particle 
channel has not yet been considered. Doing this, we get [26] 

G3 = H$ - i$pD - F/[1 + @ln(l.l3u~~/T)]} 

G3 = 11% - $Po - 2/ln(Tc/T)].  

(11) 
where oo is the Fermi temperature T, or the Debye temperature 0, in the case of a 
superconductor. For a superconductor C3 will reduce to 

A non-superconductor gives a small negative contribution from the last term in equation 
(12) 
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(11)of0.064.09for0.2 < F < 0.5. TheobtainedvaluesofFoare slightlyoverestimated. 
If we use Isawa and Fukuyama’s interaction constant for the magnetic field contribution 
from the particle-hole channel [26], 

H 3  = -4 - ( 8 / F )  In(1 - F/2) (13) 
we find F to be overestimated by 10% for Ca,&lw and 16% for Cub5Ti35, For small F 
this expression reduces to F. 

There are a number of assumptions in the calculationsof Fand p,,from experimental 
data. A 100% agreement is therefore not expected and the overall agreement in table 1 
is thus surprisingly good. The use of values calculated from p(T) to calculate A P ( B ) ~ ~ ~  
and vice versa is dangerous. The obtained values can only be interpreted as rough 
estimates. Theoretical calculations from the Thomas-Fermi approximation generally 
give too large values and are not valid when the effective electronAectron interaction 
is positive. In this case Fshould be negative. In the alloys studied here, g is small and of 
minor importance. The small negative values obtained in the fits may only be a result of 
small systematic errors. 

4. Evaluation of iiC and I,. from measurements of Ap(S) in the l o w 4  limit in CuG5Ti,, 

&,Ti, is a strong spin-orbit scattering system ideal for a study of Ap(B) in the low-B 
limit. The resistivity p(E, T) and other electronic properties of CuTi alloys have been 
studied by a number of groups [3,4,9,33,34-361 and are well documented. 

4.1. Experimental method 

The magnetoresistance of amorphous Cy5X3 ,  (sample preparation is described in [9]) 
was measured in a wide temperature range from 1.5 to 273 K. The magnitude of 
Ap(B)/p at maximum magnetic field was of the order 10-6-10-s with an RMS value of 
about 5 x for fitted B2 lines below 40 K and about one order of magnitude larger 
at higher temperatures. The high resolution in the resistancemeasurement wasachieved 
with an eight-decade Guideline 9970 resistance DC bridge with an ultimate sensitivity 
better than 0.5 nV. Below 50 K an Allen-Bradley carbon resistor was used for tem- 
perature control. Corrections were made for temperature errors due to mag- 
netoresistance of the thermometer corresponding to additive corrections to Ap(B)/p 
rising from 5 to 30% in the range 20 to 50 K. Above 50 K the sample was measured in 
liquid gases at the boiling points and in water at the ice point. In these latter measure- 
ments a Pt resistor was used and the sample was measured at increasing as well as 
decreasing field. Thedata were correctedforthe temperature drift of about 100-300 mK 
over a measurement cycle. The error in the slopes obtained around 80 K is estimated to 
be 1620% and at 273 K to be 50-100%. Several results are shown in figures 5 and 6. 

4.2. Results 

The slopes (Y = Ap(B)/p B2 are showninfigure 7. Asseen, the temperature dependence 
of CY below 10 K is quite weak, a - Ti5 for 10 K < T < 50 K strong, (Y - TS5; and for 
T > 50 K weak again. 

The theoretical expressions to be considered are equations (6). (7) and (8). The EEI 
effect in the particle-particle channel is usually much smaller than the contribution from 
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Fgure6. The Ap(B)/pversus B'plot for CuarTils 
at 85 K. The figure shows WO series of measure- 
menu after compensation for temperature drifts 
during the measurement. The straight Line is a fit 
to Ap(B) = aBz. 

Figure'l. m e  slopes a = Ap(B)/pB' versus tem- 
perature on double log scale for '&Tiu The 
straight lines give the approximate strength of 
the temperature dependence in three different 
temperature ranges: 1.5 K C T <  5 K, a - 
20K < TC JOK. a - TI.'; 50K < T C273 K, 
o( - T-". The Last value is uncertain. 

the particlehole channel when Ap(B)  - E 2 ,  i.e. A p ( B ) ,  G 0.1 Ap(E)?,,, and can be 
neglected. Below about 20 K A p ( E ) o  can also be neglected. From equations (6) and 
(7) we get 

a(7) = p(eeP/2n2fi)(Da,)3fiflt)) + 0.056 p ( e 2 / 4 ~ 2 ~ ) F ( Z f i D ) - ' ~ 2 ~ ~ ~ ) * ( ~ ~ T ) ~ 3 f i .  

T h i s  expression, however, cannot be fitted, since fo) has most likely a non-trivial 
temperature dependence. The parameter f can only be calculated for an assumed Fand 
%o. 

One possibility is to use the temperature dependence of p. It has a maximum at 
T -  10 K [9], which can be identified with the maximum in equation (3). However, EEI 
effects are also present in p(T), with dp,,/dT< 0. The maximum from WL effects is 
therefore at higher temperatures. For different assumptions about this maximum at 
temperature T,, (r = Q) we get different values for rso as shown in figure 8. This is based 
on different assumptions for Fo in equation (4). From Ap(T) below 1 K, one gets 
go S 0.40 [9]. This gives T,, > 18 K. From section 3 we have F = 0.5 giving rm = 1.6 ps 
wheng* = 2and T,, = 17 K. Dependingon the assumptionsfor T,,,,andF,,(F) we find 
for p in rie - T P  a value of 1.15 k 0.1 when 1.5 K < T <  5 K and 3.7 +_ 0.5 when 
20 K < T < 50 K. It is not possible to give definite values for all qe, since the EEI may 
have weakened and the exact value of g* is unknown. The temperature dependences 
given here could be seen as approximations over the given temperature ranges. The data 
are consistent with a z,, saturating when T - t  0, as has been found in weak spin-orbit 
scattering systems [IO, 311. At 1.5 K the scattering time z, = 400 ps is independent of 
different assumptions. The scattering t h e  a, can be described by a combination of 
saturation, electron-electron scattering and electron-phonon scattering 

(14) 

l/r,= = A o  + A l p / '  + AZTn (15) 

with 3 < n 4. The result of such a fit is shown in figure 9. 
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Figures. The spin-orbit scattering time ?,,versus 
T,. for Cu,Ti,,. The upper curve is for g' = 0 
and the lower for g* = 2 (the freezlectron value 
gE). (Tmu is the temperature for which I = b;  see 
the text.) The figure illustrates the strong inter- 
relation between and the assumed T,, in the 
fitting procedures. 

Figure9. The inelastic scattering time q0 versus T 
on double log scale for %Ti,,. It was assumed 
thatg'=gm =2andFe=0.3.Thefullcurveisa 
fit to equation (15) with n = 4. The fit gives a 
saturationvalueof r. = 5 6 0 ~ s .  

One can also fit equations (3) and (4) with t,, and tis calculated from experimental 
values of A@) and equations (6) and (7). This gives 

P(T),., = ~ ( 0 )  + AP(T)EEI + A d A d % p 7  AP(B)wL, AP(B)EEI)WL (16) 

with p(O), po(F) andg* as fitting parameters. This gives poor fits when data for which 
T S 50 K are used. This is not surprising since several other effects, as has been discussed 
may contribute to p(T). The maximum and minimum in p ( T )  can only be reproduced 
when data for Ts 20 K are used and a good fit is only obtained when T <  15 K (six 
points). The maximum in Ap(nwL is at 12 K S T,, s 20 K in all fits. If one assumes 
that the EEI effect is not weakened and that Ap(B)m> IAp(B)m( at T = 85 K, then it 
ispassibletodetennine Fandg*/g=by combining Ap(B, 85 K)and thelow-temperature 
Ap(B)EEIfromsection 3. ThisgivesF= 0.4 % 0.05 andg*/gFE = 1.65 2 0.2. The result 
is interesting, since it is the first attempt to determine g*/gE from Ap(B). It supports 
the proposal that g* may be enhanced with a Stoner enhancement factor, although the 
present value would seem to be rather large for a CuTi alloy. Further investigations 
examiningthe assumptionsofthisanalysisareneeded tomakeamoredefinitestatement. 
An enhancement of g* will give a smaller value for t, and a stronger temperature 
dependence of tie. 

There are a few attempts to make similar analyses from the Bz region of the mag- 
netoresistance of amorphous alloys. Schulte and Fritsch found 2 < p  < 3 over a more 
limited temperature range (6 K < T < 20 K) for a number of CuTi alloys [3]. The result 
here agrees with these values over the temperature range they studied. This emphasizes 
the importance of measurements at T >  20K as well to obtain the true temperature 
dependence of the scattering mechanisms determining tie. Bieri etal [SI have measured 
Ap  - Bz on two strong spin-orbit scattering systems, CusoTiso and YmSip, when 
0.13 K < T <  lOK. For CusoYso they found a possible saturation for tie with ti.(T= 
0) = 100 ps and tie - for T < 4.5 K. The temperature dependence of tis is weaker 
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than for Cu,Ti3, and follows a T-0.5 law very nicely. It is, however, not possible to 
explain this temperature behaviour with any present theory of T , ~ .  

Apower-lawexpression for T , ~  wasfound  inn^ thinCu films with anelectron-phonon 
term -A2T3 [37]. Simple 2D metal films have been shown to be systems where the study 
of WL effects can be driven to excellence [15]. The inelastic scattering time thus seems 
to have a fairly universal temperature dependence. 

5. Summary 

Two methods of simplifying the analysis of weak localization and electron-electron 
interaction effects in the magnetoresistance of amorphous metals have been studied. 
The first suggests that it is possible to separate the weak localization contribution 
Ap(&,and electron-electron interaction contribution A . P ( B ) ~ ~ ~ .  After the separation 
one can determine the sample-dependent constants controlling A P ( B ) ~ ~ ~  with less 
uncertainty than otherwise. Theory seems to describe this contribution correctly up to 
atleastpBB/kBT= 35. Agoodagreement betweenparametersfromp(T) andAp(B)al 
is found. The second method studied the possibilities to get the inelastic scattering time 
qc and the spin-orbit scattering time T,, from the limit Ap(B)  - E* in a strong spin- 
orbit scattering system. For Cu65Ti35 a weak temperature dependence 4, - T-'~ls'O.' 
below 5 K was observed and when 20 K s T s  50 K a strong temperature dependence 
with T , ~  - T-3.7'0.5. The behaviour of T , ~  is similar to those found in weak spin-orbit 
scattering systems and can be interpreted as a combination of a saturating ric, inelastic 
electron-electron scattering and inelastic electron-phonon scattering. The electron- 
phonon scattering contribution has a strong temperature dependence xic - T" with 
n a 3 .  
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