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Measurements of the thermopower coefficient above the 
superconducting transition in polycrystalline Y,Ba,Cu30,-,: 
absence of appreciable fluctuation effects 
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Laboratorio de Fiiica de Materiales, Depanamento d e  f i i ca  de la Materia Condensada, 
Universidad de Santiago d e  Compostela. 15706, Spain 

Received 19 June 1992, in final form 24 September 1992 

Abslraei ?hi paper reports on detailed measurements of the thermoelectric p e r  
Foefacient, L(T) E S(T)o(T),  relating the thermoelectric power S(T) to the electrical 
mnductivily a(T) in three polycrystalline Y1BazcU30,-6 samples. All the samples 
have almost the Same mmposition (6 2 p.10) and they are  single-phase to within 4%. 
but they have very different Srmcturdl inhomogeneities a1 long length sales, i.e. at 
scales much larger than the superconducting "elation length in all diredions. Our 
measurements in M e r e n t  single-phase samples indicate that all the critical behaviour 
of S(T) above the supemnducting transition is driven by o(T) .  Therefore, these 
m u l l s  amngly suggest, within our experimental molutions of ALIL 2 256, that 
L ( T )  in Y&zCh~Ors  "pounds iE not affected. wer the entire mean-field-like 
region (MFR) a h  the supemnduning  transition, by thermodynamic fluctuations of the 
superconducting order prameter  amplitude (OPF). The reduced temperature khav iow 
of the t h e r m o p e r  fxcers AS(r)  is the same for all the single-phase samples studied 
here, i.e. fmclal eff& are not o&ed in the MFn, in agreement with our prwious 
paraconductivity mulls.  Also, the OPF fleets arising on S(T)  through u(T) are 
confirmed to be esentially lhreedimensional (3.) over the entire MPR. 

1. htroduclion 

Until the discovery of high-temperature copper oxide superconductors (HTsc), the 
influence of the thermodynamic fluctuations of the superconducting order parameter 
amplitude (OPF) on the thermoelectric power S in superconductors remained as an 
interesting but mainly academic problem [1,2]. These effects could not be observed 
in bulk low-temperature metallic superconductors (LTS). This was mainly due to the 
fact that their superconducting order parameter correlation length amplitude <(O) 
was relatively important, typically of the order of 1000 8, As a consequence, the 
temperature mnge over which one might expect to see OPF effects would be very small 
(see e.g. [l-3]), orders of magnitude less than the temperature differences needed to 
measure S. In the copper oxide superconductors, however, [(O) is typically two orders 
of magnitude smaller than in LTS (so, the coherent volume in bulk samples is six orders 
of magnitude smaller) and, therefore, OPF effects will manifest themselves at easily 
accessible temperature differences from the superconducting transition. l 3 r  instance, 
measurements of the electrical resistivity p ( T )  or of the magnetic susceptibility 
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x(T)  indicate that in wrsc the OPF effects are appreciable even 10 K above the 
superconducting transition [4-7l. 

In spite of their interest and of the experimental advantages indicated above, the 
OPF effects on S( T) above the superconducting transition in m c  have been relatively 
little studied until now, and the emerging picture is rather confusing. Far instance, 
in the case of singlecrystal and polycrystal Y,Ba&u,O,-, and related samples, most 
of the measurements indicate a relatively rounded peak of S(T)  above the transition 
[8-14], although in some studies a ve.ry sharp peak of S ( T )  has been observed just 
above the transition [U, 161. Some authors have claimed that such a sharp peak is 
due to OPF effects 1161, although it could just be a spurious effect associated with 
sample temperature inhomogeneities (see e.g. [14]). The discrepancies concerning 
the OPF effects remain even among those papers that propose a qualitatively similar 
rounded S(T)  peak above the transition. For instance, some authors propose that 
the OPF effects, alone [ll] or combined with other mechanisms (see e.g. [17]), causes 
the S(T)  rounded peak itself. However, first Laurent and coworkers [9,10, U] and 
then Cabeza and coworkers [12,13,19], taking into account that the measured S( T )  
depends strongly on the electrical resistivity, have proposed that the OPF effects 
probably cause the rounding of the S(T)  peak above the transition, but not at all 
the peak itself, which will be associated with transport effects in the normal phase 
[20-26l. But important discrepancies still remain between the proposals of these last 
authors in what concerns basic aspects of the OPF effects on S(T) .  For instance, 
Laurent and coworkers have proposed two- (20) and four- (4D) dimensional OPF in 
Y,Ba,Cu,O,-, compounds [9, lo], and fractal dimensionality in Bi-based materials 
[IO, IS]. These proposals are not only in contrast with our results on S(T)  rounding 
[12,13,19], but also with extensive work made in HTSC on the electrical resistivity 
[4,9 and on the magnetic susceptibility [6,7] roundings above the transition, which 
clearly support the 3D and ZD nature of OPF in the mean-field region (MFR), Le. from 
approximately 1 K to 10 K from the transition for, respectively, Y-based and Bi-based 
superconductors. 

In fact, such a basic and old question as the possible influence of OPF effects on 
the thermopower coefficient L(T) ,  relating S ( T )  to the electrical conductivity a(T) 
ay 

L(T)  I S(T)a (T)  (1) 
still remains to be answered at a quantitative level. Is L(T)  in m c  appreciably 
affected by OPF effects in the mean-field-like region (MFR)? In this paper we will try 
to answer this question quantitatively. For that purpose, we present simultaneous 
measurements of the S(T) and of the p ( T )  roundings above the superconducting 
transition in three single-phase (to within 4%) Y,Ba,Cu,O,-, polycrystalline samples, 
all with the same nominal composition and with 6 5 0.10, but having very distinct 
long length scale structural inhomogeneities. For the first time, an empirical picture is 
proposed to account for the influence on S(T)  of these structural inhomogeneities. 
The OPF effects on both quantities, extracted following consistent procedures, will 
be compared with one another and with the existing theories. Also, for the first 
time, our results confirm to a quantitative level our previous qualitative proposal 
[12] that the thermopower coefficient L(T) ,  relating S ( T )  to u(T),  B not affected 
in Y,Ba,Cu,O,-, compounds by the presence of OPF. This finding seems m be 
confirmed by a recent theoretical calculation of AI,(€) in the MFR in layered 
superconductors [271. 
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2. Experimental details 

Three batches of granular YIBa+,O,-, ceramic (m) samples with 6 5 0.10 were 
used. All the samples were prepared by the usual solid-state synthesis procedure 
[B]. Fbr the first batch of samples (denoted Yl), constituent oxides, mixed in 
stoichiometric ratio, were heated at 950°C for 24 h. The product was powdered, 
pelletized and sintered at 9oo°C for 6 h in an oxygen atmosphere and then cooled to 
200 Dc without cutting the oxygen flow. Material was maintained at this temperature 
for 2 b For the second batch of samples (3’2). the constituent oxides, mixed in 
stoichiometric ratio, were finally treated in air at 400% for 7 day?., followed by 
quenching in liquid nitrogen. The third batch of samples (3’3) was prepared in the 
same way, except that the final product was slowly cooled dawn in an air atmosphere. 

AI1 the samples are single-phase withim 4%, as shown by x-ray analysis. Optical 
microscopy measurements and scanning electron microscopy (SEM) show that the 
typical grain and crystallite size of our polycrystalline samples are 1 to U) p m  The 
aystallites also show a high density of twin boundaries at a length scale larger than 
loo0 8, The main structural difference between the various samples concems the 
pores among the grains. In some of the samples these pores are relatively important, 
and they have the same length scales as the grains and crystallites. This porosity 
reduces the sample average density to 80% of the ideal one, and also contributes to 
increasing the normal resistivity by one or two orders of magnitude over that of single 
aystals, pab. The average density of the less porous samples is of the order of 90% 
of the ideal one, and p(T)  in the normal state is only few times bigger than pab(T). 
In contrast with these important resistivity differences, the amplitude of S ( T )  for the 
various samples is alway?. of the same order of magnitude as S,,(T) in single crystals 
(see later). 

We first recall that the absolute thermoelectric power S may be easily defined 
through JN, the number current density [29] 

- JN = (o/e2)Vp + (cS/e)VT (2) 

where e is the carrier’s electric charge, U is the electrical conductivity, VT is the 
temperature gradient, and 

- P = P c + I l e  (3) 

where pc is the chemical potential and pe = -eve, with V, being the ordinaly 
electrostatic potential. ’Ib measure S, we employ the standard DC differential method 
under the condition JN = 0, which yields 1301 

A V  1 T t A T l 2  T t A T / Z  

- - --J S(T’)dT’+ - J S,,,(T‘)dT’ (4) A T -  AT T-AT12 AT T-AT/Z 

where AT and T are, respectively, the difference and the mean of both sample end 
temperatures, and A V  is the potential difference between leads (hot branch minus 
cold branch) measured at the voltmeter terminals. Since .Sieaeads (in our case copper) is 
non-singular at liquid N, temperatures and above, one can approximate for moderate 
temperature differences, 

(5) 
1 T t A T / 2  AV S(T‘) dT‘ U Skads(T) - - 

S,(T)=-] AT T-AT12 A T  
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from which one can obtain the measured (averagz) thermopower S,, once S,eab 
is known. Note that A V / A T  and, therefore, S,(T) do not depend on the 
sample geometrical parameters. In other words, the determination of the absolute 
shermopower does not need detailed knowledge of the sample geometry, in contrast 
with, for instance, the experimental determination of the sample electrical resistivity. 
We will see in section 3 that this is an important advantage in the case of 
polycrystalline samples, where some undetermined porosity may be present 

The unavoidable use of a small but fmite temperature gradient to obtain the 
intrinsic thermopower S ( T )  is irrelevant when S ( T )  has a mild temperature 
dependence. However, such a temperature gradient may introduce spurious 
differences between SM(T) and S ( T )  near the superconducting transition [9]. To 
obtain S(T)  from SM(T), ie. to eliminate the spurious effects generated near the 
transition by the finite temperature gradient, we have used a numerical procedure. 
Essentially, this procedure consists of inverting equation (5) and recasting it into the 
form: 

where m and n are integers. This expression relates S ( T )  to S(T - n A T )  
through the derivatives of the measured thermopower. Its application entails 
the following steps. First, we take T to be a fixed temperature well above 
the superconducting transition (say 110 K in our case) where one can neglect 
the non-zero temperature gradient &em on S(T) ,  ie. where one can assume 
S ( T )  U S,(T). Then, the evaluation of the derivatives dS,/dT at the discrete 
temperatures T-(AT/2)-mAT (n = 1,2,. . . ,n-l) yields directly S(T-nAT). 
Reconstruction of S ( T )  is accomplished by sweeping in n, so that T-nAT spans in 
temperature the entire transition. Note that this procedure (from S,( T) to S( T ) )  
jS just the reversed one (from S(T)  to S,(T)) reported by Laurent and coworkers 
in order to single out the effects of the AT-induced spurious roundings [9]. 

The samples, with typical size 10 x 2 x 1 mm3, were mounted on a specially 
designed sample holder assembly made of copper. The schematic diagram of the 
low-temperature portion of the apparatus is shown in figure 1. As illustrated in 
this figure, the m c  sample was fixed, symmetrically, between two microheaters with 
the help of a spring arrangement. The main microheater was fixed with an isolated 
PVC plate, whereas the auxiliary microheater was fixed at a copper block. The 
sample holder assembly was placed in a stainless-steel cavity, and the cavity was in 
contact with the cold tip of the cryostat. The microheaters were made by winding 
insulated constantan heater wire (diameter 0.1 mm) on small aluminium blocks, and 
they were capable of giving several milliwatts power. In order to avoid heat losses, 
due for instance to radiation, the microheaters were embedded in teflon. GE Varnish 
7031 was applied at both ends of the sample for better thermal contact with the 
microheaters. The required temperature gradient across the sample was created by 
adjusting the current in the microheaters. 

'Avo copperconstantan thermocouples (type T), calibrated with a RhFe 
thermometer, were used to monitor the temperature gradient across the sample. As 
average sample temperature, we use half of the sum of the temperatures measured 
by these two thermocouples. Xvo platinum resistance thermometers were also used 
to control the sample end temperatures. A pair of copper leads (diameter 0.1 mm), 
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FIgurr I Schematic diagrams of Ihe low-temperature portion of the aperimenla1 set-up 
used to measure S(T) and p(T): (a) general view; (b) delail of the sample mounted 
for measurement. 

attached to the sample with a minute amount of silver paste (Dupont 4929), were 
used to record the thermal voltage. The temperature difference was kept to within 0.5 
to 1 K an-' and we have checked that AV/AT is constant over that temperature 
gradient range. The temperature sweeping rate was about 5 K h-I. An automated 
data acquisition system comprising an 84 digit voltmeter with scanner and controller 
was used for data acquisition. Electrical resistivity of the samples was measured with 
a four-probe technique using the same data acquisition system as for S. Electrical 
resistivity and thermoelectric power resolutions were, respectively, 1 p!2 cm and 
0.1 pV K-'. Rmperature resolution was 10 mK for p ( T )  and M mK for S ( T ) .  
Lastly, measured S data were correzted for the copper leads contribution, S,,,, in 
equation (9, according to standard tables 1301. 

Figure 2 'hperature tehaviour of the measured thermoelectric power of sample 
YZ 'The full mrve reprsents the S(T) hackground. (a) Over all the temperature 
region measured, showing the background region, (b) Near the transition, showing the 
temperature where S(T) has its inflection p i n t  (r",) and the mean-field-like region 
(MW. 

3. Experimental results 

As an example of our S ( T )  results, in figures 2(a) and (b) we represent the 
temperature dependence of the thermoelectric power for sample Y2, in the zero 
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temperature gradient limit The full curves in (U )  and (b) are the thermopower 
background SB(T), and they correspond to the acpression [31] 

SB(T)  = Q T [ ~  t bexp(-T/Tu)l (7) 

where a, b and Tu are free parameters. We do not claim this functional form to 
represent better than others the physics of thermopower in the normal state, but as 
indicated before for p B ( T )  [4,5,32], equation (7) gives a high-quality fitting over a 
wide T region well above the transition, in the so-called background region, i.e. in 
the normal region where the OPF effects become negligible. 

T I K )  T I K I  

Figure 3, Pmperature behaviour of the measured eleclrical resblMly of sample YZ. me 
lull line represznls thc p(T) backgmund. (U) Over all the lemperalure region measured, 
&awing the background region. (6) Near the tmnsition, showing the temperature where 
p(T) has ils infleclion point (To) and the mean-field-like region (MFR). 

In figures 3(u) and (b) we represent the temperature dependence of the measured 
electrical resistivity of the same sample as in figure 2 From these p( T) data we may 
extract pob(T), the intrinsic resistivity in the ab  plane of an ideal single-crystal sample 
with the same nominal composition as the Y2 sample. For that we use the empirical 
relationship between p(T)  and pab(T) proposed before [4-7,321 

d T )  = (l/p)bab(T) f P a l .  (8) 

This equation is supposed to be valid above T ,  (the temperature where p ( T )  around 
the transition has its infiection point). In equation (S), the coefficients p and pd are 
associated with the structural inhomogeneities at long length scales, i.e. at length 
scales much larger than the superconducting correlation length in all directions; p 
(0 < p < 1) is associated with the effective cross section of the sample and with the 
path lengthening due to the random orientation of the a b  planes of the different 
sample domains (grains, untwinned regions, etc), and pd accounts for the average 
contact resistance between different sample domains. Above T,, p and pa are 
supposed to be constant, and they are extracted for each sample by comparing its 
normal resistivity far away from the transition (150 K < T < 250 K, to avoid the 
presence of critical phenomena [4,51) with the resistivity in the a6 plane of a single 
aystal of the same composition (p N 1, pd N 0). The available pab(T)  in different 
single crystals are well fitted, in this background region by [33] 
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with C, = 5 f 15 p n  cm and C, = 0.5 f 0.2 p n  cm K-I, which corresponds to 
the average values from the data of [33]. The full line in figure 3(u) is the measured 
resistivity background obtained by extrapolating through the transition the resistivity 
measured in the background region (150 K 6 T < 250 K). Note that a practicable 
way to characterize the sample structural inhomogeneities at long length scales is 
through the p value in equation (8). For the three samples studied here p is equal 
to 0.02, 0.12 and a23 for, respectively, samples Y1, Y2 and Y3. These values have 
been obtained by using in equations (8) and (9), C, = 0 and C, = 0.5 pS2 K-I. 

In analogy with equation (8) for p ( T ) ,  we may introduce an empirical relationship 
between the measured thermopower in single-phase granular samples, S(T), with 
the intrinsic thermopower in the ab plane, Sab, in an ideal single crystal of the 
same composition. For that, we may assume first that in measuring S, an intensive 
magnitude, the random distribution of the ab planes and c directions of the grains, 
crystallites and untwinned domains in a polycrystalline sample is equivalent to a 
sample having ab and c paths in parallel 1341. So, by applying equation (2), the 
equivalent thermopower Se is easily found to be 

= (sabuab + sc'c)/(uab + O c )  (10) 

where we have assumed oab >> U, [33], whereas Sa, and S, are of the same order of 
magnitude in Y,Ba,Cu,O,-s samples [20-23]. Now, the differences between S and 
S are due to the presence in the real granular sample of intergrains and interfaces, 
having some effective thermal resistivity and thermopower. So, we may suppose that 
only a fraction, psAT, of the temperature difference ( A T )  used to measure S arises 
through the intragrains, the other fraction, (1 - p S ) A T ,  being associated With the 
intergrains and interfaces. Therefore, S(T)  may be crudely related to SCb(T)  by 

S(T) = psSab(T)  f SdT) (11) 

where p' (0 < ps < 1) is the coefficient that takes into account the relative gradient 
temperature distribution between intragrains and intergrains, S, E (1 - ps)S: will be 
the contribution to S(T)  associated with the sample interdomains (grains, crystallites, 
untwhed regions) and S; is the 'effective' thermopower of these sample interfaces. 

Note that above but near the superconducting mansition of the intragrains, the 
possible temperature dependence not only of p' but also of Sa will be very weak when 
compared with that of Sa,(T). So equation (11) may easily explain various important 
qualitative aspects of S(T)  as was the case of equation (8) for the measured resistivity 
in granular samples I4-q. For instance, in the absence of an applied magnetic field, 
we may define the critical transition temperature of the intragrains, c,, through 
S(T)  as 

(d2S/dTz),; = 0. (12) 

In excellent agreement with our experimental findings, equation (12) predicts that 
will be almost the same for all the different samples with the same nominal 

composition. In addition, and T, are also reasonably similar, their differences 
for the three samples studied here being well inside AT,, U 0.3 K So, the mean-field 
reduced critical temperatures c may be approximated as 

E = In(T/Ta) (13) 
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for both S(T) and ~(7'). Note, finally, that in the background region, far from the 
transition, S, is much more sensitive than pa to local inhomogeneities and impurities 
and, therefore, has a more complicated temperature dependence. So, Sab(T) cannot 
be extracted from equation (11) by following a procedure similar to that which we 
have used for p ( T ) ,  which m u m e s  pd and p to be temperature-independent. 

4 Data analysis and comparison with theoretical approaches 

We are now able to extract and to compare the corresponding excesses with one 
another and with the existing theories, which may be defined as 

AS(6) E S B ( E ) -  S ( E )  (14) 

Ao(6) E U ( € )  - uB(c) (15) 

AL(T)  L ( T ) -  LB(T) = S(T)m(T)-  SB(T)mB(T) (16) 

for, respectively, S ( E ) ,  U ( < )  and the thennopower coefficient L ( T ) ,  defined by 
equation (1). In these expressions, the quantities denoted with the subscript B are 
the corresponding backgrounds, ie. the magnitudes not affected by the OPF effects. 
They are obtained by extrapolating through the transition the T behaviour of the 
corresponding quantities in the normal region, as indicated before. Note that AL(c) 
may be directly related to A S ( € )  and Au(c) by just using the above definitions, as 

A L ( € ) / L d e )  = A U ( ~ ) / U B ( ~ )  - ( ~ ( . ) / ~ B ( < ) ) A ~ ( E ) / S B ( E ) .  (17) 

Let us also stress that these expressions for the three excesses are very general, 
and they do not depend on any particular model for the oPF effeccs on the three 
magnitudes involved, S ( e ) ,  a(.) and L ( c ) .  Equations (14) to (17) concern, as noted 
already, the measured magnitudes. However, the same procedure may be directly 
applied to the magnitudes for the ab plane of an ideal single crystal, and they are 
going to be denoted by the subscript ab. For instance, in the case of the excess of 
the thermopower coefficient, we have 

A L a b ( c )  E L a b B ( c )  = sabBAflab(c) - g a b ( E ) A s a b ( c )  (18) 

d i c h  may be seen as the l i t  of equation (17) to the ideal single crystal with the 
same nominal composition as the measured polycrystalline sample. Note also that 
from equations (11) and (14), we may directly obtain 

A S ( € )  = pSASab(e) (19) 

relating the measured thermopower excess with the intrinsic one in the ab plane. 
This equation indicates that the e dependence of AS will be the same for all the 
single-phase samples having the same composition, independently of their long length 
scale sbucfural inhomogeneities. This conclusion is verified by our samples within 



Thermopower coefficient of Y,Bo,Cu,07-, above Tc 1373 

IWl. logla  E 

ngum 4 FIgure 5. Normalized excess of the thermoelectric 
&la), a(T)  (fuU awes)  and L(T) (dotted coefficient versus reduced temperature for three 
-1s) versus the logarithm of the reduced different =CO samples. Tne full curve represents 
temperature tor sample Y2. The tu11 a w e  is the the best fit of Maki's approach for layered 
&I fit d the Lawrence-Doniach approach of the 
normalized paraconduaivity in the indicated mean- 
field-like pegion (MFR). 

Normalized excesses of S ( T )  (open 

superconducton 

10%. From equation (19) we may then conclude that the E dependence of AS/S, 
will be very close to the intrinsic one. 

As an example, in figure 4 we plot the two contributions to A L ( E ) / L , ( E )  in 
equation (17, Au(E)/u,(E) and (U/U~)AS(C)/S,(E),  as a function of log,"e for 
one of the samples (YZ). These experimental results clearly show that Au(t)/u,(e) 
and (u/uB)AS(e)/SB(~)  have very similar amplitude and reduced tempemture 
behaviour, over all the E range examined. Therefore, as shown also in this figure, 
AL(e) ,  the corresponding experimental thermopower coefficient excess, is almost 
reduced-temperature-independent, and it has a wry small negative amplitude, which 
may be approximated as zero to within the experimental uncertainties. Note that our 
previous results [4-1 for Ab(.) and Ax(€) clearly suggest that the E range studied 
here spans all the MFR. Similar results to those shown in figure 4 are also obtained 
for the other two samples studied here, which have distinct structural inhomogeneities 
at large length scales, as shown for AL(e)/LB(e) in figure 5. So, we may conclude 
that, to within the experimental uncertainties of A L / L ?  2 Z%, AL,,*(e) rr 0 
over the MFR. Our present results fully confirm at a quantitative level our previous 
experimental findings for YBCO [12,13] or Bi-based samples [19], and provide strong 
evidence that the critical behaviour of S ( E )  in m c  is essentially driven by that of 
U ( € ) .  The full line in figure 4 has been obtained by using for ACT(€) the expression 
proposed by the Lawrence-Doniach (LD) theory [35]. As expected from previous 
paraconductivity 14-1 comparisons, the agreement of the experimental AU(E)/U,(~) 
with the theoretical E behaviour is excellent Over all the MFR. The fitting parameters 
of the ID approach confirm the 3D nature of OPF in the MFR of YIBa,c&07-, 
compounds, as explained in [4,4 (see also later). Finally, it is interesting to note 
here that, by combining the result Ad, ? 0 with equations (S), (11) and (17), we 
may obtain useful relationships in the MFR between the measured L ( T )  and the 
corresponding intrinsic t h e m o p e r  coefficient: L(T)  = p'pL, , (T) .  It is also easy 
to obtain S J T )  = p , L ( T ) / p .  

We are now able to compare our data for AL(e) with the available theory 
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[2,27,36]. In particular, to our howledge it will be the first time that the theoretical 
results of Maki [27] for AL.(€) in layered superconductors have been compared with 
the experiments in mc. Unfortunately, all the existing theoretical approaches for 
AL(e) in the MFR mainly focus on its reduced temperature behaviour, and a tractable 
estimate of its ampritude has not been published yet, although it is recognized that it 
must probably be very small [2,271, in full agreement with our experimental findings 
presented here and in previous papers 112,131. As a consequence, it is clear that 
nearly any functional form for AL(E) can fit the data if a small enough amplitude 
is used. In spite of these dficulties, we compare in figure 5 our experimental data 
for AL(E) with the theoretical expression proposed by Maki for s-wave layered 
superconductors in the clean limit [27] 

AL(e) = AL1n(4/e[1 + ( 1  + 2a)1/2]2} (20) 

A, [(2rT)’/7C(3)]Xei/de (21) 

a I 21€,(o)/delZ/e (22) 

X I  (2nT/gNu)aln N u l a p .  (3) 

where 

In the above expressions, g is the electron-phonon coupling constant, Nu is the 
electron density of states, p is the chemical potential, T is the scattering lifetime, 
((3) = 1.2U2, [.(O) is the superconducting correlation length amplitude (for T = 0) 
in the e direction, and de is the e5ective interlayer distance, which rakes into 
account that in mco compounds there exist inequivalent conducting layers at different 
distances and with a different effective Josephson coupling. A somewhat disturbing 
feature of equation (20) is that its limits for a < 1 or a B 1 do not agree with 
previous calculations for films (U)) or bulk (3D) materials [2,36]. Although the latter 
cases were calculated in the dirty limit, the discrepancies remain even for the E 

dependence. In any case, the data points in figure 5 correspond to our experimental 
data of AL(e) obtained for each of the three mco samples studied here, whereas the 
full line has been obtained from equation (20). with de = 11.7 %, and [JO) = 2 
and A, as a free parameter. These values, which agree with those currently proposed 
in the literature [371, are determined by applying the LawrenceDoniach approach to 
our previous measurements of Au(E) and of Ax(€) in the MFR [&A by assuming 
that the number of etfective superconducting planes a8 per unit cell length is N = 1 
and [,*(O) = 14 The same values are obtained from Ax(E) by using N = 2 and 
tab(0) = 10 A In this last case the measured Auab(6) amplitude may simultaneously 
be explained by the presence of only direct OPF effects. Note that in the MFR, 
[(E) 2 de, so the OPF in that region will be essentially 3D, in agreement with our 
previous results for the paraconductivity and the paradiamagnetism [4-7]. Concerning 
AL(e), and as noted above, the reasonable agreement between the theory and the 
experimental data found in figure 5 does not allow us to conclude anything about 
the adequacy of the E dependence of equation (20). In fact, this comparison allows 
us only to propose an upper Limit to A, in the MFR, which is of the order of 
40 p A  an-’ K-I. This is, indeed, a very small amplitude when compared with that 
of uAS(e) in the same E range (see figure 4), in agreement with the qualitative 
Maki suggestions [2,27]. A more detailed calculation of A, in terms of more directly 
experimentally accessible parameters will allow a more quantitative comparison. 
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5. Conclusions 

We have reported detailed data of the thermopower coefficient L(T)  above 
the superconducting transition of three singlephase (to 4%) polycrystalline 
Y l B a , ~ 3 0 7 - 6  samples (with 6 5 0.10). These data strongly suggest, for the first time 
to a quantitative level in any superconducting transition, that L(T)  is not affected by 
the presence of important thermodynamic fluctuations of the superconducting order 
parameter amplitude (OPF). In other words, all the critical effects observed in the 
thermoelectric power S( T) above the superconducting transition will be due to those 
of the electrical conductivity. These findings Seem to be confirmed, at least at a 
qualitative level, by recent theoretical calculations of the excess of the thermopower 
coefficient in the mean-field-like region in layered superconductors 1271. Our results 
fully confirm that the order parameter fluctuations in the mean-field-lie region of 
Y,Ba,Cu307-, compounds are essentially three-dimensional (3D). Also, to within 
OUI experimental resolutions, no fractal behaviour is observed in our granular single- 
phase samples, ie. the reduced temperature behaviour of the thermopower excess 
AS(€) is the same for all the different single-phase samples studied here. Although 
new measurements in good single-crystal samples will be very useful to confirm these 
results, we believe that the essential aspects of the OPF influence on the thermoelectric 
p e r  in Y l B a , ~ O , - ,  samples are those presented in this work. 
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