
PHYSICAL REVIEW B 1 APRIL 1997-IVOLUME 55, NUMBER 13
Analysis of fluctuation conductivity of YBa2Cu3O7-d -PrBa2Cu3O7-d superlattices
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The fluctuation-induced conductivity measured on YBa2Cu3O7-d-PrBa2Cu3O7-d superlattices~SL! is ana-
lyzed using various theoretical models describing weak fluctuations in layered superconductors and consider-
ing both Aslamazov-Larkin~AL ! and Maki-Thompson~MT! terms. From the analysisjc(0)51.660.1 Å and
tf(100 K).3310213 s in clean limit are derived for the interlayer coherence length and temperature-
dependent phase-relaxation time, respectively. Largetf values and AL-MT crossover revealed for all samples
studied are attributed to the two-dimensional electronic state nature of SL above the crossover temperature.
Possible mechanisms of charge scattering in high-Tc superconductors are also discussed.
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I. INTRODUCTION

To account for the physical nature of high-Tc supercon-
ductivity different theoretical models covering strong cor
lation of charge carriers,1 mixture of s-wave andd-wave
pairing2 and Fermi-liquid or non-Fermi-liquid behavior o
high-Tc superconductors~HTSC’s!,

3 etc., have been widely
discussed over the last few years. Nevertheless, the cou
mechanism related to this superconductivity still rema
controversial. It is now quite clear, however, that proper u
derstanding of the normal-state properties of HTSC’s is
primary importance in deciphering their unique behavior
the superconducting state.3–7 The investigation of the
fluctuation-induced conductivity is regarded as one of
experimentally accessible methods just shedding light on
transport properties of high-Tc oxides in the normal state
Just above transition temperatureTc but outside of the criti-
cal region, resistivityr(T) is affected by superconductin
fluctuations resulting in noticeable deviation ofr(T) down
from its linear dependence at higher temperatures. Thus t
appears a fluctuation-induced conductivity,

s8~T!5@rN~T!2r~T!#/@rN~T!r~T!#, ~1!

where r(T) is the actually measured resistivity an
rN(T)5aT1b is the extrapolated normal resistivity. Unfo
tunately, this physically reasonable determination ofrN(T)
has not yet been theoretically justified.

Two forms of fluctuation contributions tos8(T) are usu-
ally considered. The direct Aslamazov-Larkin~AL ! contribu-
tion arises from excess current carried by fluctuation-crea
Cooper pairs aboveTc .

8 The additional, indirect Maki-
Thompson~MT! contribution reflects the influence of supe
conducting fluctuations on the conductivity of norm
electrons.9 In layered structures such as high-Tc supercon-
550163-1829/97/55~13!/8551~6!/$10.00
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ductors the AL term is described by a Lawrence-Donia
~LD! model10 and predicts a crossover from three dime
sional ~3D! electronic state of the system to a two dime
sional one~2D! with increasing temperature. The AL term
dominates close toTc whereas the MT term turns out to b
dependent on phase-relaxation timetf and gains importance
in 2D fluctuation region in the case of modera
pair-breaking.11 The crossover should occur atjc(T).d/2,
wherejc is the coherence length along thec axis andd is the
distance between conducting layers. Consequently, meas
ments of fluctuation conductivity provide a sufficient
simple method of getting reliable information aboutjc(0),
tf, and dimensionality of the electronic system of the sup
conductor. In view of a very short Ginzburg-Landau coh
ence lengthjGL(0) in high-Tc oxidess8(T) should be ob-
served at temperatures well aboveTc . Therefore, evaluating
the fluctuation contribution the predominant scatteri
mechanism can also be investigated. The crossover phen
ena analyzed in terms of the LD model have been repo
by many research groups but the MT contribution was fou
to be uncertain12,14–17thus excluding the possibility to evalu
atetf .

Applying a magnetic fieldH, the analysis of a fluctuation
induced magnetoresistance gives further information ab
the scattering mechanism in HTSC’s. A general theory be
valid both in absence and presence of applied magnetic
has been developed by Hikami and Larkin~HL!.11 Aronov,
Hikami, and Larkin~AHL !18 extended the theory to incorpo
rate the Zeeman effect. Both MT-orbital and MT-Zeem
terms were found to be strongly dependent ontf .

13,15

The evaluation oftf in comparison with transport relax
ation timet measured by electrical conductivity, is a princ
pal contribution to understanding the physics of the transp
properties. Whethertf.t or tf't is important in view of
the controversy over the Fermi-liquid or non-Fermi-liqu
8551 © 1997 The American Physical Society
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nature of the electronic state in HTSC’s.3,5,19,20 Matsuda
et al.13 were the first to analyze their magnetoresistance d
on YBa2Cu3O72d films in terms of AHL theory. Significant
contribution of the MT mechanism was found assumingtf
to be temperature dependent,tf;1/T. From the fit the phase
relaxation time was estimated astf'1310213 s at 100 K
suggesting that scattering rate\/tf'\/t.0.7kBT. On the
other hand,tf5(1.2–1.4)310213 s measured on singl
crystals was reported by Winzer and Kumm.15 Bieri and
Maki21 and Bieri, Maki, and Thompson~BMT!22 extended
AHL theory taking the clean limit into account. They rean
lyzed the data of Matsudaet al. both in dirty and clean lim-
its, and foundt[tf /t54 and t52.7, respectively. How-
ever, the issue has not been experimentally confirmed.23

As magnetic field might somehow affect results in t
fluctuation region investigation of the fluctuation conduct
ity ~with H50! has apparent advantages over the magnet
sistance approach but in previous measurements
MT term has never been distinctly observed neither
films nor in single crystals. Measuring ofs8(T) on
YBa2Cu3O72d/PrBa2Cu3O72d ~YBCO/PrBCO! superlat-
tices24 enabled us to reveal an evident MT contribution a
to obtain information ontf . But only preliminary results
have been briefly reported.24,37

In this paper our further investigations of resistivity a
s8(T) on high-quality YBCO/PrBCO superlattices with di
ferent periodicity are reported. Using measuredtf , found to
be in a good agreement with BMT theory in the clean lim
possible scattering mechanisms in the normal state are
cussed.

II. EXPERIMENTAL APPROACH

The electronic properties of high-Tc superconductors ar
usually attributed to their layered structure in which elec
cally conducting CuO planes are intercalated by various s
units acting as charge reservoirs. The layered structure is
believed to be responsible for a large anisotropy of th
normal- and superconducting-state properties. Therefore
investigation of the artificially layered superlattices such
YBa2Cu3O72d/PrBa2Cu3O72d ~YBCO-PrBCO! has the
complementary advantages in offering the possibility
modify the anisotropy in a controlled way by successiv
modifying the individual thicknesses of the layers. Rec
progress in thin film preparation technology25,26,29 makes
high-quality superlattice thin films available for detaile
analysis. Different properties of SL are being wide
investigated27,30,28although, no results concerning the flu
tuation conductivity in SL have yet been reported by oth
groups.

In the present work, superlattices with 7Y37Pr, 7Y
314Pr, and 4Y31Pr layer periodicityL ~samples S1, S2
S3! have been analyzed. The total number ofL is 20 for all
samples. Only the YBCO layers were taken into accoun
calculating r(T). X-ray and Raman-scattering analys
shows that all samples are excellent SL with thec axis per-
fectly oriented perpendicular to the layer planes. As a re
ence and to compare the fluctuation conductivity results w
literature data a single layer YBCO film was also tested.
samples have been grown on SrTiO3 ~100! substrates by
pulsed laser ablation, lithographically patterned and che
ta
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cally etched into well-defined 1.6830.2 mm2 Hall-bar
structures.29 To get the resistivity data standard four-pro
dc measurements have been performed using a fully com
erized setup.

III. RESULTS AND DISCUSSION

A total of nine superlattices with different layer compos
tion were measured. Usual diminution ofTc with increasing
the number of PrBCO layers27,28 was found. Moreover, the
significant reduction ofTc is always followed by nonmetallic
resistivity temperature dependence. Naturally, to be analy
in terms of fluctuation conductivity only samples with m
tallic r(T) dependence were chosen. To obtain more inf
mation the samples withr(T) close to the film resistivity
curve~S3—4Y31Pr!, with r(T) close to nonmetallic depen
dence~S2—7Y314Pr! and the symmetrical one~S1—7Y
37Pr! with r(T) being almost in the middle between th
film resistivity and nonmetallic region~Fig. 1!, have been
eventually analyzed. Figure 1 shows resistivity temperat
dependence for all samples studied. The reference film
hibits almost linearr(T) dependence typical for Y-123 sys
tems in their optimal oxygen doping~i.e., maximumTc)
region.20 In contrast with the film, resistivity curves of SL
were found to have excessive resistivity and to show p
nounced negative buckling below a representative temp
tureT*;250 K but to remain linear aboveT* at least up to
;400 K ~Fig. 1, samples S1 and S3!.

This T-linear resistivity has attracted much attention a
possible indication of specific normal metallic state in th
class of materials. However, the interpretation of the scat
ing mechanism causing the linearity is still controversial.
ordinary Fermi liquid theory electron-phonon scatteri
gives a T-linear resistivity r(T);t21(T), and assuming
kBT>\vD the scattering rate can be described by31

\t2152plkBT, ~2!

FIG. 1. Resistivity as a function of temperature for the samp
S1 ~solid circles!, S2 ~squares!, S3 ~triangles down!, and reference
film ~circles!. To clarify the picture the data for S3 are multiplied b
0.84.
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wherel is the coupling constant andvD is the Debye fre-
quency. At the same time scattering by electrons give
T2-dependence of the scattering rate and definitely requ
some additional mechanism~d-wave pairing for example32!
to transform thisT2 dependence into the linear one. Thus,
the first glance the phonon-limited resistivity in high-Tc ox-
ides seems to be more appropriate. However, there are m
doubts that solely phonons are able to provide the super
ducting coupling at such high temperatures20 and the prob-
lem remains questionable.

In metals, including conventional superconductors, wh
the electron-electron interaction is neglected,r(T) is to be
described by a Bloch-Gruneisen~BG! formula33 giving ap-
proximately linearr vs T dependence down toT'0.25Q.
Here,Q'400 K ~for YBCO! denotes an effective ‘‘trans
port’’ Debye temperature.20 However, Fig. 1 convincingly
shows that the BG formula does not meet the case for su
lattices at least asT<T* . Appropriate derivatives,dr/dT,
reveal sharp change of the slopes aroundT* suggesting the
change of the scattering mechanism atT* .

We have made an attempt to attribute revealedr vs T
behavior to additional scattering of the charge carriers
tween YBCO and PrBCO stacks due to size-effect.24 A good
qualitative agreement ofr(T) dependence with Fuchs
Sondheimer theory for size-effect contribution to t
resistivity34 was found for S1 taking into account the mu
tiple connected PrBCO layers certainly affecting the cond
tivity above;150 K. However, more detailed analysis
other samples has clearly shown that more elaborate th
is required to describe a size-effect in HTSC’s.

Thus, considering ther vs T linearity at high tempera-
tures to be the intrinsic normal-state property of high-Tc
YBCO superconductors we have computeds8(T) as men-
tioned above@see Eq.~1!#. The experimentals8(T) data
were analyzed using the HL theory11 including both AL and
MT contributions. In absence of the magnetic field

sAL8 5$e2/@16\de#%$11@2jc~0!/d#2e21%21/2 ~3!

and

sMT8 5$e2/@8\d~12a/d!#% ln$~d/a!@11a

1~112a!1/2#/@11d1~112d!1/2%e21, ~4!

where d511.7 Å is the interlayer periodicity
a5@2(jc(0)/d)

2#e21 is a coupling parameter an
dHL5(16/p\)@jc(0)/d)]

2kBTtf . Outside the critical re-
gion s8(T) is the function ofe(T)5(T2Tc)/Tc which de-
notes the reduced temperature andTc is the mean-field tran-
sition temperature. HereTc is defined as the temperature
which dr/dT versusT shows a maximum orr versusT has
its inflection point.16

Equation~3! reproduces result of the LD model10 consid-
ering the presence of Josephson-like interaction between
conducting layers sincejc(T).d close toTc ~3D region!,
whereas the MT term gains importance in the case
k(T2Tc)@\/tf , wherejc(T),d ~2D region!.11 Thus the
HL theory predicts both 3D-2D and AL-MT crossovers
temperature increases but the last one has never been
served before. The 3D-2D crossover should occur at the t
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T05Tc$11@2~jc~0!/d!#2% ~5!

at whicha51/2, i.e,jc(0)5(d/2)Ae0. The crossover from
AL to MT contribution should occur atd.a. It leads to the
crossover temperature

e05~p\!/~8Ttf!. ~6!

No significant difference between both crossover te
peratures is predicted.11 As mentioned above, Bieri, Maki
and Thompson22 extended the theory to incorporate the cle
limit approach. But whenH50 the only difference with the
HL theory is thatdBMT51.203(l /jab)dHL , assuming nonlo-
cal effects22 can be ignored.

Figure 2 shows experimental data ofs8(e) for all SL and
reference film compared with the MT~solid lines! and the
AL ~long dashed lines! terms of HL theory extended to th
clean limit. Close toTc the data for S1~solid circles! and S2
~squares! fit the AL terms fairly well, whereas S3~triangles
down! can be fitted only by the summary AL1MT curve
~dashed line! being typical for twinned films17 and single
crystals.15 But aboveT0 all the data for SL fit the MT terms
extremely well. Thus, as predicted by the theory, an evid
AL-MT crossover is revealed for S1 and S2 as temperat
increases. S3 exhibits somehow other behavior, being in
mediate between films and SL, and suggesting a presenc
interlayer interaction between YBCO via thin PrBCO laye
but the AL-MT crossover is quite discernible on the plo
The result is found to be different from that observed in t
film showing an ordinarys8(e) dependence~Fig. 2, circles!
with usual divergence of the data down from the theoreti
curve ate.0.06.15,17

Apart from other motives, observation of the crossov
offers a possibility to determineT0 and using Eq.~6! inde-
pendently obtain credible values ofjc(0), in this way no-

FIG. 2. Fluctuation conductivity as a function of reduced te
perature for the samples S1~solid circles!, S2 ~squares!, S3 ~tri-
angles down!, and reference film~circles! compared with appropri-
ate terms of the HL theory in the clean limit.
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TABLE I. Characteristics of the samples.

DTc Tc r(100 K) dr/dTa n~100 K! l~100 K! m(100 K)
Sample ~K! ~K! (mV cm) (mV cm K21) (1021 cm23) (Å) (cm2/V s)

S1~7Y37Pr! 3.8 82.4 118 0.48 1.9 120 50
S2~7Y314Pr! 7.5 85 172 ;0 2.8 90 38
S3~4Y31Pr! 8.0 87.9 156 0.68
Film ~Ref. 13! 1.4 86.2 96 0.71 4.43 90 25

aFor SLdr/dT are measured inT-linear region aboveT* .
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ticeably reducing the number of fitting parameters. Actua
in AL fit only scaling C factors reflecting inhomogeneou
current distribution in the samples14 have been used. To pro
vide MT fit only C factors and appropriate values
tf(T);T21 should be put into consideration as fitting p
rameters. As result, from the MT fit C51.8,
tf(100 K)52.7310213 s ~t52.5!—S1; C52.9, tf(100
K)50.6310213 s ~t50.6!—S2; and C50.4,

tf(100 K)57310213 s ~t56.4!—S3 are derived in the
clean limit with t5(1–1.1)310213 s and
jc(0)51.660.1 Å for all samples studied. The samples p
rameters compared with parameters of Matsudaet al.’s
film13 are listed in Tables I and II.

As far as theC factor is concerned, in previous studies
sintered samples35 and thin films,14 factors ofC,1 were
usually observed. In the case of single crystals15 and high-
quality epitaxial films,13 however,s8(T) data are above the
theory and to provide a fit factorC.1–1.6 attributed to the
high quality of the samples has to be used. In spite of g
expected conducting quality of our samples theC factor in
SL has to arise from obvious ambiguity of current distrib
tion between the conducting layers leading to uncertainty
measuredr(T). Nevertheless, our symmetrical sample, S
requires approximately the same factor,C51.8, as the Mat-
suda et al.’s film. It also maintains dr/dT.0.48
mV cm/K which is designated as an intrinsic property
Y-123 systems.14,15 This is why we believe it to be the bes
sample to compare results on SL with those obtained fr
films and single crystals. As sample S2 shows, the m
complicated is the scattering mechanism, resulting in
hanced resistivity, the larger isC factor and the smaller is
tf . Measuredtf , however, is comparable with that ob
tained by Sugawaraet al.23 using C53.5 for the fit. As
sample S3 is concerned, we think there is no essential p
ics behind observed hightf and attribute it to the influence
of additional interaction via thin PrBCO stacks. As point
out by Trisconeet al.30 the conducting layers in SL can b
considered well separated only when thickness of interm
ate PrBCO layersdn>48 Å.

TABLE II. Characteristics of the samples.

jc tf(100 K)
Sample (Å) (10213 s) C lep mab /m0

S1 1.760.1 2.760.1 1.8 0.11 3.5
S2 1.660.1 0.760.1 2.9 0.2 4.3
S3 1.560.1 6.060.1 0.4
Film ~Ref. 13! 1.660.3 1.060.1 1.6 0.12 4.8
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Taking all these considerations into account and based
the experiment,t52.5 is derived for S1 in the clean limit
The result is very close to the designated above theore
estimation, t52.7.22 Moreover, the measured values
jc(0)51.660.1 Å are in good agreement with the resu
of Matsudaet al.13 and Winzer and Kumm.15 Thus, 7Y37Pr
SL provides an extremely good fit with both HL and BM
theories andtf.2.7310213 s, which is approximately 3
times larger than that observed on films and single cryst
has been experimentally confirmed in the clean limit. T
implies that

kBT.4\/tf ~7!

which indicates the absence of significant pair breaking
homogeneous YBCO, in the clean limit, and yiel
lcor.0.04 within weak-coupling theory@Eq. ~2!#. Here the
coupling constant is considered to reflect specific superc
ducting correlation in HTSC’s, as will be discussed below

Before proceeding with the consequences of a smal
value let us discuss the observed crossover~Fig. 2! in terms
of dimensionality of the samples electronic system. Bel
the crossover temperatureT0 the s8(T) data ~Fig. 2! are
found to follow the LD model considering the conductin
layers to be coupled by means of Josephson-like tunne
interaction. In this temperature regionjc(T).d and ob-
servedsAL8 (T) dependence, with slope close to 0.5 bei
typical for this kind of measurements,14,15,35can be taken as
evidence for 3D conductivity. No clear influence of the M
fluctuation mechanism in this temperature range is obser
At the same time aboveT0 the s8(T) is reproduced quite
well by the HL~BMT! theory considering the MT term only
No presence of the AL contribution is observed as well. W
have also failed with attempts to fit the data with summa
AL1MT curve~Fig. 2, dashed line!. This is surprising as the
basic AL fluctuation mechanism is expected to be alwa
present. That is why we consider the crossover only to refl
the significant change of interlayer interaction atjc(0).d
resulting in the samples electronic system modification.

As pointed out by Xie,5 when jc(0)!d aboveT0 , con-
fined in CuO planes 2D conductivity characterized by e
hanced anisotropy of electronic properties is realized. In
case the tunneling of the correlated pairs between conduc
layers is incoherent and the Josephson current vanishes a
thec direction. As a result, only the single-particle tunnelin
processes are available whereas the superconducting co
tion enhances the conductivity in theab plane. This consid-
eration would imply that the observedsMT8 (T) dependence
aboveT0 can be taken as evidence for pronounced 2D c
ductivity affected by the superconducting correlation whi
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55 8555ANALYSIS OF FLUCTUATION CONDUCTIVITY IN . . .
is characterized by the phase-relaxation time,tf . In SL this
2D fluctuation region is found to range over at least 20
suggesting the presence of fluctuating pairs well aboveTc ,
most likely due to enhanced electron-electron correlation
high-Tc oxides,

7 resulting in large observedtf . That is why
according to Eliashberg7 the appropriate coupling constan
being determined bytf , has been designated above
lcor.

Thus, predicted by the HL theory AL-MT crossover
found to be followed by change of the interlayer interacti
type resulting in 3D-2D crossover also predicted by
theory. As a result, either fluctuation mechanism below a
aboveT0 appears to be quite different, in this way reflecti
the intrinsic properties of high-Tc superconductors. We als
believe the absence of evident AL contribution aboveT0
definitely shows that usual fluctuation approach fails in t
temperature region suggesting the necessity of additio
theoretical consideration in the case of specific 2D cond
tivity in HTSC’s. We would also like to emphasize that di
tinct observation of that 2D behavior is believed to be due
pronounced layered structure of measured SL offering
opportunity for very thin but homogeneous YBCO layers
be studied.

The implications of the short coherence length a
the effective two dimensionality of the conductivity i
YBa2Cu3O72d/PrBa2Cu3O72d superlattices can now b
examined. From the Hall-effect measurements the hole d
sity per unit sell was found to be 0.33~S1! which implies
n50.33/V051.931021 cm23. With the corrected resistivity
r85r/C;66 mV cm atT5100 K for our best sample we
obtain m'50 cm2/Vs for the mobility of holes. From the
relation l5(\m/e)(2pns)

2 with ns5nd'2.2231014

cm22 the mean-free pathl5yFt of holes at 100 K is esti-
mated to be l'120 Å. Thus, the expected inequali
l (100 K)@jab(0) is to verify the above clean limit ap
proach. Using the Fermi velocity ofyF51.13107 cm/s es-
timated on single crystals15 we have the transport scatterin
time of t(100 K)5 l /yF'1.1310213 s and an effective
hole mass ofm* /m05et/mm0'3.5 which both commonly
occur.13,15 For S2 t(100 K)'1.0310213 s and
m* /m0'4.3 are found. Both values oft have been used in
above analysis. The result implies that~S1!

kBT.1.44\/t ~8!

and yieldslep.0.11 within weak coupling theory@Eq. ~2!#
which is approximately a factor of two smaller than th
obtained from resistivity and optical measurements
YBCO films and single crystals.38

Nevertheless, the result seems to be reasonable ast21 due
to phonons is linear in temperature only if kT exceeds
characteristic energy scale of the phonons20 as mentioned
above. As was pointed out by Gorkov and Kopnin~GK!,4 in
Y-123 systemsT-linear resistivity could be well describe
by electron-phonon scattering with characteristic ene
QD;400 K. On the other hand, it seems somehow unlik
because atT;QD andl;1 the electron-phonon scatterin
is to be highly inelastic and should give rise to resistiv
saturation at these temperatures. But it is not the case
HTSC’s suggesting weak electron-phonon coupling.39 As a
in
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result an inequalityl<leff was found4 whereleff denotes
the slope of resistivitydr/dT, and can be written as

leff5~\vp
2/8p2!dr/dT. ~9!

Using the observeddr/dT.0.48 mV cm/K for S1 and
plasma frequencyvp52.3 eV for Y-123~Ref. 4! we obtain
leff.0.6 from Eq. ~10! in a good agreement with abov
analysis. On the other hand, in an electron-scattering-ba
model developed by Lee and Read32 \/t several times kT
was found implyingl.1 and yields a short inelastic lifetim
which is attributed to pair breaking. Consequently, we b
lieve the obtained results show the prevalence of phon
scattering-based interaction in high-Tc YBCO oxides in the
clean limit. But the coupling constant turns out to be rath
small.

Taking all above results into account it seems rather
tractive to make an assertion that in our best 7Y37Pr SL
~S1! rather homogeneous structure, resulting in observed
hancement oftf due to presence of additional modera
electron-electron correlation, is realized. If this is really t
case, estimated values oftf andl can be taken as intrinsic
for pure YBCO. Actually, when structure inhomogenei
gives rise to some additional scattering~S2!,
tf50.7310213 and lep'0.2, which both are common
occurrences,17,23are immediately obtained. Astf,t no cor-
relation contribution can be distinctly estimated in this ca

Thus, the above analysis evidently shows that, on the
hand, usual phonon-scattering-based Fermi liquid appro
does not contradict with the experimental results but the c
pling constantlep turns out to be small. On the other han
as pointed out by Iye,20 if phonons are the only excitation
coupled to electrons in any significant way, electron pair
at such high temperatures seems to be rather question
Moreover, it should be also noted that the above mentio
Xie’s model is the electron-scattering-based one. Thus, m
sured smalllep evidently requires some modification of th
electron-phonon coupling in HTSC’s. As it has been recen
pointed out by Eliashberg7 the additional electron-electro
correlation is to be certainly taken into consideration in t
case and an effective coupling constantl is to be written as
l5lep1lcor. Using above estimates for S1,l.0.15 is
found to be still rather small. But, as have been pointed
by Kuliĉ and Zeyher,40 if electronic correlation in high-Tc
oxides is taken into account, a significant reduction of
effective coupling constant is expected. If this is really t
case, our results reflect enhanced electron-electron cor
tion in HTSC’s. Eventually, it seems reasonable to conclu
that electron-phonon coupling added by moderate elect
electron correlations should be taken into account to exp
high-Tc superconductivity.

In conclusion, it was found that up to;110 K r(T) of
high-quality YBCO-PrBCO SL is strongly affected by supe
conducting fluctuations. At higher temperatures the re
rangement of the weight of different scattering mechanis
is believed to be responsible for the shape of the resisti
curves until the sample becomes normal aboveT* . From
measurements of the fluctuation-induced conductiv
s8(T), the AL-MT crossover attributed to enhanced 2D co
ductivity in SL above the crossover temperature has b
observed. The observation enables us to determ
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tf(100 K)'2.7310213 s which is about 33t, in good
agreement with the clean limit theory, and thus to evalu
the correlation contribution to the scattering mechanism
sulting in lcor.0.04. From transport measuremen
kBT.1.44\/t is found givinglep.0.11 and indicating the
priority of phonon-scattering-based interaction in homo
neous Y-123 oxides. Nevertheless, in accordance w
Eliashberg7 both electron-phonon and electron-electron int
action do play a role in resulting scattering mechanism
the effective coupling constant should be written
l5lep1lcor. Summarizing the results we may conclu
,

s,

K.

.
al,

rle

n

te
-

-
th
-
d
s

that electron-phonon coupling added by moderate elect
electron correlation should be taken into account to exp
high-Tc superconductivity.
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