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Weak-localization, Aslamazov-Larkin, and Maki-Thompson superconducting fluctuation effects
in disordered Zr,_,Rh, films aboveT.
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The transverse magnetoresistance of disordered,Rh, thin films has been measured above the super-
conducting transition temperatuie, as a function of temperature in a magnetic field up to 60 kG. The
investigated films are disordered enough to indicate quantum corrections due to localization and electron-
electron interaction effects. The field and temperature dependence of the observed magnetoresistance is inter-
preted in terms of weak-localization, Aslamazov-Larkin, and Maki-Thompson superconducting fluctuations
effects. From the comparison of the experimental results with theoretical calculations, the electron-electron
attraction strengthpB(T/T.), is derived and is in good agreement with Larkin's theory. The total phase-
breaking rater;1 has been estimated and ascribed to electron-phonon, electron-electron, electron-fluctuation,
and spin-flip scattering mechanisni§0163-1827)00934-X]

[. INTRODUCTION where (x) is the di-gamma function and* is the charac-
teristic field which is defined by the relation

The disordered thin films of superconductors show above
their T, several quantum corrections to the conductivity. H* =(2kgT/7eD)In(T/T,). 2
These corrections are based (@nweak localization(ii) the
Coulomb contribution in the particle-hole chanteiffusion  In relation (2) D is the electron diffusion constant. The
channel, (iii) the Coulomb contribution in the particle- Aslamazov-Larkin term makes a significant contribution to
particle channe(Cooper channgl and (iv) the Aslamazov- the magnetoresistance only very closeTta
Larkin and Maki-Thompson fluctuations. The contribution of  In contradiction to the Aslamazov-Larkin direct process,
these corrections to the conductivity of two-dimensional dis-Maki'® and later Thompsoff,in order to explain the conduc-
ordered superconductors in the fluctuation region has beeivity of clean superconductors, have suggested an indirect
intensively studied in several theoretical and experimentafluctuation process, which originates from the interaction of
investigations: ™ superconducting fluctuations with normal-state quasiparti-

Generally, the superconducting fluctuations cause #&les. The two-dimensional magnetoresistance due to the
broadening of the resistance transition curve above the critiMaki-Thompson process is calculated by Lafkiand is
cal temperaturd. in highly disordered thin films. The films, given by
which have high normal resistance and exhibit superconduct-

ing fluctuations for temperatures closeTp, are dominated ARS(H, M €2
by the Aslamazov-Larkin direct procé3s® Abrahams R20T =52 BL(TIT,)
et al}” and later Redt® using a phenomenological approach o(0.T) ™

and a microscopical calculation respectively, extended the 1 H H
Aslamazov-Larkin theory to include the effects of applied X| §+ W‘” +In H_” 3
¢

magnetic field. In the two-dimensioné&D) limit the trans-

versal magnetoresistance due to Asl.amazov-Larkin fluctuagnere g, (T/T,) is the Larkin electron-electron interaction
tions is given by the Redi expression: strength parameter and is tabulated by LarfkiFhe super-
conducting fluctuation contribution to conductivity corre-

AL 2 2 sponding to the Maki-Thompson procEs® has the same

ARS(H,T) e T g o
5 =— magnetic-field dependence as the weak localization
R5(0,T) 27h 8 In(l) contribution?! but it has the opposite sign and differs by the

T, coefficient 8, (T/T;). For temperature in the immediate vi-

cinity of T., B (T/T.) is approximated by the expression

«lg _*)2 St BL(TITe)~ /[ 4 In(TIT,)]. The characteristic fieldh, is re-
H 2 H lated to the electron phase-breaking ragé by the relation
H,=7%/4eDr,.The phase-breaking rabglis given by
H*\ H
-yl 1+—|+ -1, 1 - - -
"’( H ) 2H ] @ ot T+ 27, @
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where rigl(T) is the dephasing rate due to inelastic scattermainly in terms of the contribution from the weak-
ing andr, ! is the temperature-independent spin-flip scatterlocalization and the electron-electron interaction in the diffu-
ing rate. A feature of Larkin’s expression of the magnetoreSion and Cooper channels. The above authors have attributed
sistance Eq(3) is that it does not saturate at high fields. the discrepancy between the calculations and the experimen-
Lopes dos Santos and Abrah&nigve shown that at tem- tal data to the Maki-Thompson fluctuations, which they have
peratures close toT, [In(T/T)<1] and for fields H  not taken into account in the analysis.

<kgT/4eD, Eq. (3) should be replaced by the approximate In the present work, we report in a series of ZiRh, thin
form films with thicknesses varying from 120 to 1200 A, a de-

tailed study on the inelastic-scattering mechanism and the

ARy MT g2 1 H superconducting parameter3(T/T.), where for T
> =—2,8,_S,A(T/TC,5) v §+ W‘P) >T. B(T/T.) means the Larkin’s paramet@; (T/T.) and
RS 2m°h for T close toT, B(T/T.) is the Lopes dos Santos and Abra-
1 * H* hams paramete,ﬁ,_S,A(T/Tc,é), and provide a quanti';ative
—y §+W +In H_) . (5 evaluation based on recent quantum transport theories.
%]
The B sa(T/T.,6) parameter differs fro_m_Larkin’s tabu- Il. EXPERIMENTAL PROCEDURE
lated values only very near 6. . In the limit In(T/T,)<1,
the B, s A(T/T.,5) becomes The Zr_,Rh, master alloy was prepared from pure zir-
' conium (99.99% and rhodium(99.95% by HF-levitation
BLsa(TITe,8)=(m?)[LIN(T/T)— 6], (6)  melting under an ultrapure helium gas at atmospheric pres-

sure. The Zy_,Rh, thin films are deposited in an ultrahigh

where 6= 7h/8kgT 7, is the Maki-Thompson pair-breaking yacuum chamber<t 108 mbay by electron-beam evapora-
parameter. The characteristic figttf is defined by Ed(2)  tion on Si wafers coated with about 2000 A thick; film
and is related with & via the expression H*  held at room temperature. Thej8j films, prepared by
=(H,/0)In(T/Ty). It must be mentioned that the Lopes dos chemical vapor deposition, were used as substrates to avoid
Santos-Abrahams equatidd) underestimates the magne- jnterface oxidation between Zr.Rh, films and the sub-
toresistance at>T, and the Larkin equatio(8) should be  strate. In order to obtain large deposition rates a graphite
used. In order to analyze the experimental data of the magypat was used as a crucible, which was placed oreifen.
netoresistance one must include the Aslamazov-Larkin angthe composition of the film was determined by Rutherford-
Maki-Thompson fluctuations together with the localization packscattering spectroscopy. The film thickness was deter-
effects? mined using a crystal thickness monitor, which was cali-

At temperatures close ., where InT/T¢)<1, one must prated with a DEKTAK Il profilometer. The sample
use the Aslamazov-Larkin fluctuatiorfi€q. (1)] and the  dimensions 262 mn? were defined with a stainless-steel
Lopes dos Santos and Abrahams expresgian (5)] for the  mask held in close contact with the substrate. The four-
Maki-Thompson fluctuations together with the weak-terminal resistance measurements were all carried out at dif-
localization term. The localization term contains only theferent fixed temperature by varying the magnetic field. The
phase-breaking fieltl,, because it is assumed that the spin-dc voltage was measured with a HP 3457 A digital voltme-
orbit coupling is very strong and the digamma functionter, giving 61/2 steady digits of accuracy. The measuring dc
which contains the spin-orbit characteristic fi¢dd, can be  currents were kept below 10@A to minimize Joule heating
omitted. The parameters necessary to define the theoretica.hd to ensure that the currents would not destroy supercon-
curve are the characteristic fielts” andH,, as well as the  ductivity. The low-temperature measurements, between 1.6
prefactor s a(T/T¢6). and 20 K, were carried out in a standard stainless-ste&l He

At temperatures far abovk;, where In/T;)>1, one can  cryostat. The transverse magnetoresistance was measured in

neglect the Aslamazov-Larkin term and must use the Larkiny superconducting solenoid which produces a magnetic field
expressioriEq. (3)] for the Maki-Thompson fluctuations to- up to 60 kG.

gether with the weak-localization term, which contains only
the phase-breaking field ,. The characteristic fielti , and
the prefactorg (T/T.) can be defined as adjustable param- ll. RESULTS

eters. Figure 1 shows a representative zero magnetic-field resis-

di Expgrlmelntal Cr? nductivity Stgdlis ROf the three- tance as a function of the temperatdréetween 1.6 and 4.5
riggegjtlobna ngggn Ogsuzl:paerqgoghgﬁg?% h2d5 VGVS:r?bg?é;/ K for Zr,_,Rh, thin films. The broad resistive transition is
y : ' .due to the presence of superconducting fluctuations. The

Z;gl.Chiigﬂg%h?lsr:Z\?:; tfr:) eu'LgE}Ethaa'tnﬂz]zrzglgg{ai%@?igpﬁggue"solid curve of Fig. 1 is a least-squares fit using the theoretical
expression for two-dimensional conductivity of a supercon-

prediction for the conductivity gives good agreement W|thductor derived by Aslamazov and Larki® and

the experimental results ne@g both in magnitude and tem- - 9,20 ; ;
perature dependence. They have attributed the absence of ﬂ%aléggc;r;r\\/ziogy The fullexpression for the conduc

Maki-Thompson®?° term in contributions to the conductiv-
ity from pair-breaking effects due to thermal phonéh®n
the other hand, Gumbatat al?® studying the same three- R5'=R5:+Ro/e(T)+2Rg In[&(T)/8]/[e(T)— 6],
dimensional metallic glass system have analyzed their data @
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where R, is the normal resistanceR,=e’/164=6.58 ergy of amorphous ZRh alloy?® obtained from measure-
X107%0/0, &(T)=(T/T,—1), 6= whi/8kgT7, is the pair- ments of the low-temperature electronic specific heat, one
breaking parameter, ant}, is the BCS mean-field transition would take the values d, which are listed also in Table I.
temperature. The calculatdg and & value are presented in In Fig. 3 is shown the superconducting transition tempera-
Table I. ture T, as a function of the sheet resistanRe for the

In Fig. 2 is plotted the transverse upper critical field,  present investigated films. This figure shows tfat de-
of a Zrg;Rhy3 thin films with a thickness of 800 A as a creases aR increases, a behavior observed also in other
function of the temperature. From the temperature depersystems’?® Figure 4 shows indicatively the transversal
dence ofH, the electron diffusion coefficienD can be magnetoresistance of a 120 AgfRhsg thin film as a func-
extracted using de Gennes’s expression for dirtytion of the magnetic field in a semilogarithmic diagram at

superconductofs different temperatures abovg . In the entire magnetic-field
region the magnetoresistance is positive at all measuring
. 4kg 1.098< 104 (8. (8) temperatures and also increases with decreakirighe sym-

 me(d Heo/dT)r_ - _(dchldT)Tc bols represent the experimental results.
The calculated values & are listed in Table I. On the other
hand, if one uses the Einstein relation for the diffusion con-
stantD =1/2e29N(&g), wherep is the measured resistivity The decrease of the superconducting transition tempera-
of thin films at 4.2 K andN(sg) =2.64x 10%? states/J mole ture T, with increasing the sheet resistariRg shown in Fig.

or 5.22x 10 states/J mithe density of states at Fermi en- 3, can be attributed to the localization effects. According to

IV. DISCUSSION

TABLE |. Value of relevant parameters for Zr,Rh, thin films.

Thickness(A) 120 185 210 215 355 800 1200
Rp (4.2 K)(Q/0) 246 106 143 105 81 13.3 9.3
00 (4.2 K)(Q cm) 295 196 300 225 288 106 111
Te (K) 1.30 2.76 1.50 2.41 2.85 3.39 3.4
6 [from Eq. (7)] 0.2 0.1 0.3 0.2 0.1 0.1 0.2
D(X 10 %) (m?s) 1.51 2.09 2.72 2.46
1.26 1.91 1.24 1.66 1.25 3.52 3.36
=— (X 10”4 (m?s)
N 2€70oN(er) 046 055 047 053 056  0.59 0.59
L= (AD/kgT)? (A) 139 170 138 159 138 232 226
Composition
(at. %9 Zr 61 75 61 75 75 87 87

(at. %9 Rh 39 25 39 25 25 13 13
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Maekawa and Fukuyarhand Tagaki and Kurodahe quan-  conducting transition of films in the following way:
tum interference effects in 2D disordered metals influence

the superconducting transition temperatilice Te e’ 1 &Teo) 2
The interplay between the interaction and disorder leads N7 |=—| 53, |Ra9:N(0)| 5| In| 5.4/ —
. . . TcO 27°h 2 ITc
to the enhancement of the Coulomb repulsive interaction and
to the depressing of the electronic density of stdi€8). ETeo) |°
Both effects contribute to the depressiorilgf, however, the *3 In| 5.455—1| - 9
Cc

influence of theN(0) change in dirty 2D superconducting
films is negligibly small as compared with that of the in- whereT,. and T, are the critical temperatures of the film
creased Coulomb interactiGh.Specifically, Maekawa and with and without impurity scatteringR is the sheet resis-
Fukuyamé, using perturbation theory, have found that thetance,g, is the electron-electron repulsion coupling constant,
presence of disorder lowers the temperafliy®f the super- N(0) is the density of statesy,=0.18vg/kgT.g is the

5 T T T T T T T T T T T
AL Zr, Rh, i
! E\E T,=38K -
3 | &:‘:;\;\;t\ -
< ~'~1~§:_£ FIG. 3. Variation of the super-
;6 i TR J conducting T, as a function of
' i ‘ Ro at 4.2 K. The dash-pointed
oL E ' - and dashed lines are theoretical
"““\\,{:\ fits with Egs.(9) and(10), respec-
| E ‘~-::_;_-::.:_\_ E i tively.
1 e -
0 L 1 . 1 1 L : 1 L I L
0 50 100 150 200 250 300

Ra(Q)
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FIG. 4. Transverse magnetore-
sistance of a 120 A thick film at
different fixed temperatures above
Te.

(2r¥tve?) AR_/ Ry

H(kG)

zero-temperature coherence length correspondifiggol is  Fig. 3 is a fit to Eq(10) with y~1=—12.5 forT,,=3.8 K.
the elastic mean free path an@?(27°%)=1.235<10"°  From the value ofy~ ! the transport relaxation time is calcu-
Q1. The quadratic term of Eq9) is due to the corrections lated to the 7.5 10 18 s. Using for the logarithmic term of
to the pair of states, while the cubic term is due to the engq. (9) In[5.4(¢,To/ITo)] the equivalent expression
hancement of the Coulomb repulsion between the electrong#/k,T.,7) and takingg;N(0)=1.1, the best fit to the ex-
due to impurities and it is much stronger than the quadratigerimental data of Fig. 3 gives a relaxation timg=2.4
term. . o _ X10 '8s. This relaxation time is about a factor of 30 larger
The dashed-pointed curve in Fig. 3 represents the fit 0f5 the transport relaxation time extracted from the
the experimental data using E(), and is obtained taking Finkel'stein's Eq.(10). On the other hand, using;N(0)

T.0=3.8 K, &/1=1470, andg,;N(0) as the fitting param- : . .
c0 . » S0 ’ 1 — ’
eter. The best-fit value fag;N(0) is 1.1 and compares well 0.51in Eq.(g) [the value as'sumed by kael ;té?nn Eq.
- . -~ (10)], the fitting procedure gives a relaxation timg=10.5
the value ofg;N(0)=1 of the screened Coulomb interaction ' 18 : . S
X 10 -°s. This value is near to the transport relaxation time

in the limit of long wavelengti° The ratio&,/! is calculated . :
from the zero-temperature coherence lengh 4400 A, us- 7 extracted from Eq(10). Consequently the discrepancy in
i the relaxation time between Ed®) and(10) is only due to

ingve=1.2x 10° m/s[corresponding ter=4 eV (Ref. 3] :
and T.o=3.8 K, and from the mean value 6&3 A. The the different values of the paramegN(0).
value of | is estimated from the electrical resistivity, We can compare our experimental results with the theory,

(uQ cm) at helium temperature using the expressib) assuming that the measured magnetoresistance arises from

=92(r./ag)¥ 0, (1 cm),2 where a, is the Bohr radius weak-localization, Aslamazov-Larkin, and Maki-Thompson

and r, is defined as re=0.75(c),+0.25¢ )rn [re superconducting fluctuations suppression, using the proce-

= (3/47)*3, andn is the number of electrons per dure mentioned above. The Maki-Thompson superconduct-
Finkel’ste,in” has shown that Eq9) is valid atR,<0.5 ing fluctuations can be represented by the Lopes dos Santos

k(). For systems with sheet resistarRg>0.5 k) the tran- and Abrahams expressigig. (5)] for temperatures nedr

sition temperaturd .(R.) can no longer be determined by and for the case that the magnetoresistance saturates, and by

Cc

simply using the first correction ine¢/27w?4)Ry and the ’_[Pe 'L:arkin ;}xpressiorﬁEq. (33] foréemperaftukr]es far above :
renormalization group equations should be used,c- From the temperature dependence of the magnetoresis-

; etair33 ; tance data of Fig. 4, one can obtain values for g&&/T,),
E;(gkrzlsiti?)lrf has obtained for the dependentg(Ro) the the characteristic fieldtH* and therefore the diffusion con-
stantD, the characteristics field , and therefore the phase-
(t/2)42 (t/2)V2) W2 breaking times:-y, and the phase-breakjng pgrameﬁeﬂ' he
m) / ( - m” , dashed curves in Fig. 4 are the best fits. This procedure has
Y Y (10 been applied to all 4r ,Rh, investigated thin films. The
values of theB(T/T.;) parameters are plotted in Fig. 5 as a
where y=1/In(KgTeo7, /%), y<O0, t=(e%27*h)Ry, 7, is  function of the reduced temperatuféT, in a semilogarith-
the transport relaxation timé, is the transition temperature mic diagram. The plot shows that all points fall on the same
of the film, andT., is the bulk value of the transition tem- curve, i.e., it observes a universal behavig(T/T;) di-
perature:yis used as a fitting parameter. The dashed curve iverges as T approaches the critical temperature

T p(—1/y)
TcO Y

1
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T.. For comparison, Fig. 5 also shows the theoretical valuefrom the fitting procedure on the magnetoresistance data are
of B.(T/T.) which have been tabulated by Larkimersus plotted in Fig. 6 as a function of (T, for the investigated

the electron coupling constag’gl(T/Tc)=—In(T/Tc). The films. One can see thaf depends on the resistance per
dashed curve drawn through the experimental points corresquare of the films and shows a tendency to increase as the
sponds to the theoretical values @f(T/T.). A comparison temperaturél approached .. These values o differ from
shows that there is a very good agreement between the etie corresponding values éfextracted from the fitting pro-
perimental data of3(T/T.) and the theoreticaBB, (T/T.). cedure on the temperature dependence of the resistance by a
The values of electronic diffusion coefficiebt correspond- factor of 3. The curves of Fig. 6 are the calculations of pair-

ing to the characteristic fieltH* is of the same order of breaking parametef= 7#/8kgT 7, using theoretical expres-
magnitude with the values calculated from the upper criticakions for the different scattering times, which will be ana-

field H.,.The values of the pair-breaking factércoming  lyzed below.
0.8 L} I L] I L] I L) I L) ' L) I T
SRR Ry =93Q/p ZrgRhy, A d=120A  ZrRhy
07 ED =?,:3le2 /D 22'75';:25 @ d=185A  Zr.Rh, 7
0.6 \ R _246 Q'/] zr(ﬂRh39 o d=210A 21y,
3 e = f " -
| 0 o W o d=215A  Zr,fh,
o5 L o d=35A  Zr,Rh, |
B} v d=800A Zr,Rh,,
wo 041 ¥ d=1200A ZrgRh,, -
- FIG. 6. The pair-breaking pa-
0.3 A rameter § as a function of
e In(T/T,) of all investigated films.
02
01 |-
00
2 1 . | 1 I 1 1 1 1 2 | N
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

In (T/T)
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An interesting consequence of the fitting is the determi-Lt=(%AD/kgT)'? larger than the thickness of the films
nation of the characteristic fiell, and the corresponding L;>d), Al'tshuler, Aronov, and Khmelnitsk and Fuku-
phase-breaking rate,*. As mentioned in the introduction jama and Abrahanié have found for the scattering rate the
the phase-breaking rate;lis given by Eqg.(4), i.e., 7;1 expression:
=7, }(T)+27, !, where the temperature-independent part is ,
the spin-flip scattering rate due to the presence of residual -1 _| €
magnetic impurities, while the temperature-dependent part Tine-9 — 2mh2
deals with inelastic-scattering processes in relation with
electron-phonon, electron-electron, and electron-fluctuatio’/sing as diffusion constai? the values, which are derived
interactions. The temperature-dependent mﬂé('r) is ex- from Einstein relating, one obtains ValueSlD]f which are
pected to be the sum of the terms due to inelastic electrorfisted in Table I. A comparison betweér and the thickness
phonon, electron-electron, and electron-fluctuation scatterinf shows that most of the samples are in an intermediate
mechanisms, namely: range between two and three dimensions with respect to

(i) In the case of electron-phonon scattering the dimen€lectron-electron interaction.
sionality of the investigated films plays a decisive role, with (i) At_temperatures very close td., Brenig and
respect to phonon propagation, i.e., the comparison of theo-workers®*® have suggested that the existence of the su-
physical dimensions of the films with the phonon wavelengthPerconducting fluctuations can affect the inelastic-scattering
Npn=hvs/KsT, whereus is the velocity of sound. In order to rate. According to Breniget al3® this term arises from the
estimate the dimensionality of the present samples with reinelastic process associated with the recombination of elec-
spect to the electron-phonon scattering it is necessary t§0ns into superconducting pairs and is given by
know the phonon wavelength,,= hvs/kgT at temperature
T and consequently the sound veloaityof the alloy system -1
Zr,_xRhy. Unfortunately there is no data ary for this sys- Tin(e-f) —
tem in the literature. An estimate of the sound velocity is
made using the formulavg(Zr;_,Rh)=(1—X)v4(Zr)
+xv¢(Rh), wherev(Zr)=4360 m/s is the sound velocity of - Cle’
pure Zr andv s(Rh)=6190 m/s is the sound velocity of pure
Rh3 This compromise gives a sound velocity of about 4820Where Co=4 In2[{[In(w#/e?Ro) I+ 1284/ €*R} 2~ In(arfi/

m/s for our samplesq=0.25). On the other hand, the Debye €°Rn)]1]. Equation(13) means that foff>T,, the In(T/T,)
temperaturé®, =191 K corresponds to a transverse phonont€rm is large and .the electron-fluctuation scattering is very
velocity v7~1750 m/s or to a longitudinal velocity, small in comparison  to electron-phonon and electron-
~3500 m/s. A sound velocity of 4820 m/s &5 K corre- electron scattering processes. However as the temperature
sponds to a phonon wavelength of about 460 A. This sugaPProached, the In(l/T,) term goes to zero, the electron-
gests that the present Samp|es are between 2D and 3D andftHCtuation rateT;:_Lﬂ) exceeds the inelastic electron-electron
the dirty limit (I<\pp). scattering rater .y and becomes the dominating process.

Based on the above-mentioned arguments for the dimen- For the total phase-breaking process, which includes the
sionality, namely that the films are in the intermediate rangeelectron-fluctuation, the electron-electron, electron-phonon,
between two and three dimensiofreglecting the coupling and other temperature-independent scattering mechanisms, a
scattering of the film with substrgteone can take for the dephasing rate can be applied given by the following form:
inelastic-scattering rate a relation given by Ra#yal,'
which is valid for the dirty two-dimensional limitl(d -

h

R-kgT In
O"™B e2R

O

2 2In2

RokeT nTAmo 7 G,

2mh?

(13

1_ -1 _ 3
<)’ T, =T TA ClTIn(T/TC)+CZ+C3T+C4T +A.
(14
3
Tiﬁ(le-pw:14772§(2)?\wo(L) A contains the spin-flip scattering rate. The tefmis ob-
Op tained by making a best fit to the experimental data-pjf
=8.147x10° (s 1K 3\T?, (11)  for temperatures far abové;. Using only the linear, the

cubic, and the constant terms of Ed4), where the fluctua-

where/(2) is the two-dimensional Riemann’s zeta function. tion term is negligible. The values #f are collected in Table
The numerical coefficient of this equation is calculated using!. Figure 7 shows in a double logarithmic plot the inelastic
for Debye temperatur®,, and frequencysp the values 191  part 7" of the phase-breaking rabq;l as a function of the
K and 2.5 10" s71, respectively. The Debye temperature temperature for all investigated films. The broken curves in
®p is determined from the coefficie of the cubic term of  Fig. 7 represent the best fits of the inelastic part of @4).
the molar specific heat for amorphoussZh alloy?® The  Table Il contains the ratios between the prefactgs C,,
electron-phonon coupling constantcan be estimated from C;, andC, determined from this analysis and the theoretical
McMillan expressiof? for the T, of strong-coupling super- Vvalues. The comparison of these coefficients shows that
conductors assuming the effective Coulomb repulsion paelectron-phonon coefficient€, for the thinner films are
rameteru* to be 0.1. Thex values of the present films are nearly close to the theoretical values for the 2D dirty limit,
given in Table I. while the electron-fluctuation and electron-electron coeffi-

(i) For the inelastic electron-electron scattering in a two-cientsC; and C; are thickness and composition dependent
dimensional dirty limit, i.e., with thermal diffusion length and deviate considerably from the theoretical values by a
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TABLE Il. Inelastic scattering fitting parameters. approached ., they start to increase. This is consistent with
the existence of electron-fluctuation inelastic scattering near
dAd A cfecy  cgecy  csecy cieiey T,

(2D) dirty  (2D) dirty As is mentioned above, if one uses for the diffusion con-
stantD the values of Table | then the thermal lendth

120 0.39 3.84 2.08 11.00 1.02 .
=(AD/kgT)Y? compares tal at 5 K. This means that the
185 5.63 0.14 31.55 1.55 . . .
present disordered films are between two and three dimen-
210 0.25 9.77 1.24 10.77 1.57 ; . . .
215 0.85 210 0.07 0.23 531 sions with respect to electron-electron interaction.
: ' ' : : On the other hand for the inelastic electron-electron scat-
355 0.94 8.56 2.95 28.79 1.67 tering in 3D metals Schmitft has shown that the scattering
800 82.3 0.70 82.7 8.1 rate is given by the expression
1200 112.8 0.80 86.7 9.9

Kel

(19

Lo kg2 i V3( kg 312 1312
7'in(e—e)_g E 5 ﬁ\/S—F,

factor which lies between 5 and 10 and 0.2 and 30, respec- 2
whereegg is the Fermi energykg is the Fermi wave number,

tively. In contradiction for the two thicker films the corre-

sponding experimental values @f; and C5; are 100 times
b g exp ! 3 andl is the mean free path. TH& term in Eq.(15) describes

larger than the theoretical. h q | | . hani d
Table Il exhibits also the fact that the cutoff parameterst e Landau electron-electron scattering mechanism an

C, of Brenig et al3 for electron-fluctuation interaction for dominates in the pure case, while @h&? term dominates in
all films are nearly in agreement with the theory. The men{n€ strong disorder limit. Using forg=4 eV (Ref 31, and
tioned large deviations of the experimental coefficiegigs  ©F Kel —4 the above expression yields
and C; from the theoretical values can be attributed to the 1 1
fact that the present films are two-component systems with Tine-g = (1.11X 10° T2+6.58<10" T%) 571K
different compositions and probably are inhomogeneous in (16)
contradiction to the simple systems like Al filrfsin which  The first term F is not consistent with the present results,
there is good agreement between experimental and theorefitile the prefactor 6.5810° of the T term is much too
cal values of theC; andCs. small in comparison to the experimental values<(B*—8
Apart from this fact the measurements show that in thex 10'%. From the inelastic-scattering rate with respect to the
present system all three inelastic-scattering processes coedectron-electron interaction it can be concluded that the
ist. The solid straight line in Fig. 7 represents ffiebehav- present films behave like 2D systems, although the two-
ior of the electron-phonon scattering process, which indidimensional conditionL;=(AD/kgT)¥%>d is not valid
cates that at high enough temperatures the inelastic ratgglly as mentioned above. The nonvalidity of the 2D condi-
approach the electron-phonon curve. As the temperature d@on L= (4D/kgT)Y2>d in the present samples can be at-
creases the;," curve deviates from th&® dependence due tributed to the inhomogeneities of the present films. We pro-
to the activation of the two-dimensional electron-electronpose that additional interface scatteﬁhgf the electrons at
scattering, which is linear i as mentioned above. The the grain boundaries of these inhomogeneities reduces the
7,1 rates decrease monotonically as the temperature defiffusion constanD and also the thermal length; and so
creases untiT=4 K, where in lower temperatures, 8 invalidates the 2D condition. It is worth mentioning here,

30 T T T — T T 10"
L & d=120A  ZrgRhy, , o ]
® d=185A  ZrRh, 7 72 1
ok @ d=210A  Zr,Rhy |
[ o d=215A  ZrRhy |
[ o d=355A  Zr,Rhy FIG. 7. The temperature de-
5T v d=800A Zi R, @ P pendence of characteristic field
—~ B | ] ~ . i iC- i
9 [ % d=1200A. Z1 R, 3 5 Hi, an_dl the mglasnc sgatterlng
= w rate 7,,- of various thickness
= A ] ] )
s | : 4 ~ films. The dashed curves represent
4 B g iy best fits of the inelastic part of Eq.
El“" A/,ﬁ-"i's‘, (14). The solid straight line corre-
1k S - sponds to the electron-phonon
L T contribution[Eq. (11)].
[ - g
[ o ] 10
. . o i
1 5 10 30
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that if this additional temperature-independent interface scatocalization in the presence of a strong spin-orbit coupling,

tering process is assumed to exist, then theAateust be the

Aslamazov-Larkin, and Maki-Thompson fluctuations. The

sum between the spin-flip part and the part resulting frominelastic-scattering ratei;1 is determined as a function of

this scattering.

V. CONCLUSION

In the present investigation, low-temperature magnetore
sistance data have been used for superconducting,Bh,
to determine the Larkin parametgf (T/T.) and the magni-

temperature and is in qualitative agreement with the theories
which include electron-phonon, electron-electron, and
electron-fluctuation inelastic scattering.
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