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Systematic conductivity measurements n&arin granular(Bi,Pb)-Sr-Ca-Cu-O superconductors are pre-
sented, and focus is given on the interplay between thermal fluctuations and disorder at micro- and mesoscopic
levels. Experiments show that the resistive transition is a two-step process. In the normal phase, Gaussian and
critical fluctuation conductivity regimes were identified. Both are affected by local disorder. Particularly, the
critical regime is characterized by a power law with exponegt-3, which we interpret as resulting from
microscopic granularity. Belowl, and in the regime describing the approach to the zero-resistance state,
fluctuation conductivity diverges as expected in a paracoherent-coherent transition of a mesoscopic granular
superconductor. The results show that, instead of trivially rounding the transition, disorder at micro- and
mesoscopic levels preserves a true critical phenomenology in granular superconductors.
[S0163-18207)06245-0

[. INTRODUCTION temperature-dependent percolation parameter such that for
p(T.)=p. an infinite cluster spans the sample and infinite
High-T. superconductors are known to show large re-conductivity should be obtained. Conditigii) means that
gions dominated by thermal fluctuations. Most specimens ofhe characteristic percolation correlation length in the system
these materials are also known to present strong structur@ given approximately by (T), which implies thatp(T) is
disorder at microscopic and mesoscopic levels. Howevelindependent of the particular distribution df.(r). The
only a few studies were devoted to investigating the interplaynodel of Ref. 3 predicts that the critical exponent for the
between these two important aspects of the fliglsystems. correlation length of this temperature controlled percolation
Mostly, it has been argued that inhomogeneities producing problem is v=%, i.e., the same value found in genuine
nonuniform transition temperature lead to noncritical round-granular material. In this sense microscopic disorder and
ings in the equilibriumh and transpoft properties neafl,. granularity are equivalent. An important consequence of this
Although this approach is likely to be correct in the limit of approach is that, instead of blurring the transition, the micro-
small dispersion ifT, the situation is less clear in the case scopic granularity model preserves a true critical phenom-
of strong disorder. enology, where physical quantities behave as power laws
Recently, Rosenblatt al>* have introduced the concept with the same exponents characterizing the superconducting
of microscopic intragrain granularity to explain the scaling-transition in mesoscopic granular networks. These exponents
like behavior of the field of first flux penetration into poly- are known to be larggThis implies that in some circum-
crystalline samples of fluorine-doped YEaLO,_s These stances it may be difficult to clearly distinguish between a
authors argue that in the superconducting cuprates, due to tigenuine power-law behavior and a mere noncritical round-
smallness of the coherence length, an unavoidable couplingg.
is produced between microscopic defe@g., deviations of In this paper, we report on fluctuation conductivity mea-
the stoichiometryand spatial fluctuations of the critical tem- surements in polycrystalline BiPk,.Sr,CaCyOg,, and
perature, T (r). A local variation of the critical temperature Bi; Phy ,S,CaCu;0;0.,. We analyze the results with the
is conceivable if inhomogeneities extend over distances obgarithmic temperature derivative of the conductiVityhe
the order or larger than the intrinsic superconducting cohermethod is particularly appropriate to identify power-law di-
ence length(T), making thus quite plausible the occurrencevergences of the conductivity and does not require fitting
of inhomogeneous superconductivity in certain samples oprocedures involving adjustable parameters. Above, but
the highT . systems. According to the model in Ref. 3, thereclose toT., we have clearly and systematically found that
are two related conditions for a supercurrent to freely circuthe fluctuation conductivity is described by power-law re-
late between positions andr’ of a microscopically disor- gimes with exponenk .~ 3, which we identify with micro-
dered superconductor:(i) r andr’ must belong to the same scopic granularity. Indeed, this exponent is long known to
single connected region, or cluster, defined Tyr)>T, characterize the critical resistive transition in “classical”
whereT is the temperature, and) the order-parameter cor- granular arrays formed by metallic superconducting particles
relation function((r)y(r’)) should be nonzero within the embedded in a poorly conducting matrixOur samples,
cluster, that is|r—r’|<¢(T). Condition (i) defines a however, are loosely packed ceramic systems, where the
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TABLE I. Exponents that characterize conductivity fluctuations in polycrystalline samples, @PtBi,SL,CaCuyOg, , (Bi-2212) and
Bi; Pl 4SKHCaCU04 0, « (Bi-2223). Fluctuations in the normal phas&X T,.) correspond to Gaussiai ) and critical (.;) exponents. In
the paracoherent state that describes the approach ®R-=tifestate T<T.) the exponents are ands’. The temperaturd , indicates the
position of the maximum imlp/dT and is useful to delimit the temperature intervals relevant for the analysis of conductivity fluctuations in
the normal and paracoherent states. The reported uncertainties in the exponents result from averagedNor@agheements of the
resistive transition performed per sample. The heat treatment of each sample is also indicated. The standard procedure described in the tex
is denoted by as-sinfas-sinterefl Additional annealings are indicated by the temperature and time duration.

T<T, T>T,
Sample Heat treatment N s s T, (K) Ner g
Bi-2212
B2-a as-sint. 7 380.2 4.3:0.1 73.3 3.60.1 0.56-0.05
B2-b 250°C-12 h 3 3105 64.4 3.660.3 0.470.05
B2-c 650 °C-24 h 5 3101 4.4:0.4 78.4 0.5%0.03
Bi-2223
B3-I as-sint. 12 3.604 109.9 3.¥0.3 0.84:0.13
B3-ll 270°C-3 h 4 3.%+0.3 108.6 3.20.1 0.86:0.16
B3-lll 650 °C-3 h 9 4.1+0.2 109.1 2804 1.1 +0.20
B3-1IV 650 °C-12 h 9 2901 108.9 0.550.10
sizes of crystallites vary between 0.1 and28. This means The resistivity measurements were performed using a

that these specimens are representative of genuine medow-frequency ac technique. Four electrical contacts were
scopic granular superconductors, where infinite conductivityobtained by sputtering thick silver films in the form of strips

is achieved through activation of weak links between theon the surface of bar-shaped samples. Copper wires were
crystal grains. Thus, in addition to effects of the intracrystal-then attached to the contacts with silver paint. After a cure at
lite microscopic granularity, whose fluctuation regimes are300 °C, contact resistances less than (L&ould be ob-
observed in the normal phase, we have also studied the rtained. Relative sensitivities of 10 were attained in the

gimes describing the approach to the zero resistance stafé&sistivity measurements. Current densities ranging from.3 to
We have indeed obtained that these regimes are dominat&$? mA/cnt were employed. Temperatures were determined

by thermal fluctuations typical of mesoscopic granular ar\With @ Pt sensor with an accuracy of 1-2 mK. The data

rays, as previously found in ceramic RO, 5 (Refs. 6 points were recorded while increasing or decreasing the tem-
L) 7_ .

and 7, and are characteristic of a paracoherent—cohererﬁerature in sweeping rates of 3 K./ h near the transition. A
NG ~large number of closely spaced points was collected in order
transition? In most of the measurements, the effects of mi-

: . to allow for a numerical calculation of the temperature de-
croscopic granulanty could be clear'ly separatr—_:d from thos?’\Native of the resistivitydp/dT, in the vicinity of T.
resulting from “classical” mesoscopic granularity. ' ¢

IIl. METHOD OF ANALYSIS

Il. EXPERIMENT We analyze our data by adopting the simplest scaling ap-

Three polycrystaline samples of  composition proach for the fluctuation conductivity, i.e.,

Bi, Py SCaCyOg,x  (Bi-2212) and  four  of Ao=A(T-T,) D)
Biy P.4SRCaCUO10, y (BI-2223 were prepared from the o) s the critical exponentA is a constant and\o

precursors BOs, PbO, CuO, SrCQ and CaCQ The =g — opg is obtained from the measured conductivity) by

preparation of these compounds proceeds in three stages. . - )
. - . Subtracting the regular contributioorgz. As usual,og is es-
First, calcination of the mixed and ground precursors was.

performed in air at 800 °C, for 20 h. After a slow decrease o imated by extrapolating the high-temperature behavior

the temperature, the samples were ground, pressed into pel- 1

lets, and annealed for 20 h at 820 °C or 825 °C, for Bi-2212 O=O0R= TpT (2

or Bi-2223, respectively. After another grinding, the final

160 h sintering was done at 800 °C for Bi-2212, and 850 °G0 the vicinity of T.. In Eq. (2) a andb are constants. The
for Bi-2223. Some of the samples were submitted to furthefinear resistivity behavior is verified above 200 K in both
annealing in order to generate a variety of states of meso$ystems.

copic and microscopic disorder. For instance, one of the Bi- We determine numerically the logarithmic temperature
2212 and one of the Bi-2223 specimens were annealed gerivative ofAo, and define

650 °C for 12 h in flowing oxygen. This procedure removes d

some of the oxygen excess in the grains, but leads to precipi- Xo=—==In(Ac). 3
tation of CaPbQ, at the grain frontiefsand strongly en- dT

hances the effects of mesoscopic granularity in the resistivéhen, using Eq(1) we obtain

transition. In Table |, which lists the prepared samples, is
indicated the heat treatment performed in addition to the as-

1 1
sintered state. =5 (1= To). (4)

(o8



56 FLUCTUATION CONDUCTIVITY AND MICROSCOPLC ... 14 817

The quantityy,, is formally analogous to a Curie-Weiss sus- 6
ceptibility in a ferromagnet, and the critical exponent plays
the role of the Curie constant. Thus, simple identification of
linear temperature behavior in plots ofyl/vs T allows the
simultaneous determination df, and A. The amplitudeA
remains undetermined, although it can be retrieved with the
help of Eqg.(1) onceT. and\ are obtained.

The main source of uncertainty in our method comes from
the extrapolation procedure to estimatg nearT.. Numeri-
cal calculation ofi(A¢)/dT also introduces errors, but these
tend to be relatively less significant close 1Q, where
dp/dT is large. Nevertheless, in order to improve the reli-
ability of the method used we repeated a given experiment
several times. This allows us to judge about the quality of the
fits and extract the values of the relevant parameters on the
basis of an average set of measurements. When repeating an
experiment, some conditions may be varied, like increasing
or decreasing the temperature or changing the intensity of the
measuring current. The number of experiments per sample is
indicated in Table I.

To illustrate our strategy, in Fig. 1 we show a comparison
of the superconducting transition for one of the Bi-2212
samples as measured by the resistivity/d T and)(;l. As
can be seen in Fig.(&), the X;1 representation clearly re-
veals the two-stage character of the transifidinus, we can
readily identify the temperature interval relevant for studying
fluctuations in the normal phase, and the regime dominated
by mesoscopic granularity close to tRe=0 state. The tem-
perature crossover,, which corresponds to the maximum
of dp/dT, delimits approximately the two distinct resistive
regimes. The two-stage character of the transition is not as
easily perceived in the resistivity vs temperature plots of Fig.
1(a).

p (MQ cm)

dp/dT (mQ cm/K)

x 1K)

IV. RESULTS

A. Bi-2212

0
. . . 50 60 70 80 90 100
Results shown in Fig. 1 for sample B2-a of the Bi-2212

system are representative of the essential characteristics of Temperature (K))
the fluctuation conductivity in our samples. Figuréc)l
shows that above, but closeTg, the variation of 1¥, as a FIG. 1. Representative results of the conductivity transition in
function of temperature may be fitted to two straight lines.sample B2-a of the Bi-2212 system. Pattal is a resistivity vs
These fits are labeled by the indiceg and\ ., denoted on temperature plot. Panéb) shows the temperature derivative of the
the picture. Farther frori,, the regime corresponding to the resistivity, and panelc) shows the inverse of the logarithmic de-
exponenthz=0.5 is quite robust with respect to current rivative of the conductivity as a function @f, in the same tempera-
variation or heat treatment of the samples, and is interpretere interval as in panelg) and(b). Straight lines are fits to E¢4)
as resulting from Gaussian fluctuations in the microscopiand the corresponding exponents are quoted. Also signaled are the
cally granular array. Closer f6,, a crossover is observed to temperatured, of the maximum ofdp/dT and T¢', which is ob-
another power-law behavior, in which the exponent's vaIue,ta'”ed from extrapolation of the Gaussian power-law behagee
A=3.0, is characteristic of critical conductivity fluctuations texy.
in classical granular superconductdrs: An expanded view  tance temperature. Indeed, for results in Fig. 1 we have
of the data in thex, regime is shown in Fig. @). found s=3, which is the expected value for critical conduc-
Below T,,, and near the zero resistance state, where €fkyity fluctuations in granular arrays? The two parallel
fects related to mesoscopic granularity are supposed to prerajght lines in Fig. () stress the similar critical behaviors
vail, the fluctuation conductivity is also described by a poweryf the s and\ , regimes. Thes regime is observed indepen-
law of the type dently of the current of measurement. However for current
s densities in excess of 100 mA/éma crossover is observed
Ao~(T=Teo) > ) to another power-law regime with exponesit==4 when the

whereT, is a temperature dependent on the applied currentFmperature approachdg,. Such crossover was first no-

. . 6 .
and magnetic field which is close to the so-called zero resis/ced in ceramic YBgu0;-, samples?® In Fig. 2b) we
show an expanded view ¢f - close to theR=0 state for
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FIG. 3. x, ! measurements obtained t=5.5 G for the B3-I
sample of the Bi-2223 system. In the inset it is shodyddT for
this sample at the same field.

regime corresponding to the exponarg=0.84+0.13 is in-
terpreted as resulting from almost two-dimensio2D)
Temperature (K ) Gaussian fluctuations. This behavior is unaffected by the
field up to the highest applied value. CloseiTpa crossover
FIG. 2. Expanded views of the inverse of the logarithmic tem-to the A, regime is clearly observed. This picture is stable,
perature derivative of the conductivigy, * for the Bi-2212 system however, only in fields up to 6 G. Above, the power law
(sample B2-a (a) Critical regime, with exponenk.=3. (b)  corresponding to tha regime is no longer discernible and
Results close to theR=0 state obtained inj=32 mA/cn? (I X;l becomes visibly rounded in the vicinity df,. Below
=1.0mA) and j=320mA/cnt (1=10mA). Exponents are T,, thes regime is also found to be quite unstable against
quoted. the field. AboveH=20G, x,* becomes rounded and no
power law could be identified in the temperature interval
two measuring currents. Fge=32 mA/cnt we observe only  close to the zero resistance state. Also noticeable is the shape
the regime corresponding tos=3, whereas for j of dp/dT at low applied fields for sample B3-I. In the inset
=320 mA/cnt a crossover can be identified $6=4 when of Fig. 3, one can observe a steep transition denoting the
the temperature decreases towardsRke0 state. frontier between intragranular and intergranular resistive be-
Another of the Bi-2212 samples, namely B2-b, presentdaviors.
essentially the same behavior as B2-a, except that we could Sample B3-Il was measured in current densities ranging
not observe the granulat regime, as the measuring currents from 3 to 790 mA/cr. Results are current independent and
were kept very low in this case. The third Bi-2212 sample)(;1 looks very similar to observations in sample B3-1 in the
(B2-c) was submitted to an annealing at 650 °C. This prob4imit of small applied fields. The as-sintered B3-1ll sample
ably enhances the quality of the grains, as may be inferredias submitted to an annealing ® h in 650 °Cbefore the
from the increase i, (see Table)land from the nonobser- resistivity measurements were taken. In this case, the re-
vance of the microscopic disorder-induckg regime. On  gimes aboveT, are the same as observed in samples B3-I
the other hand, the effects of mesoscopic granularity arend B3-Il. However, below , an extended straight line cor-
present and both exponergsands’ could be observed. As responding tos’=4 could be fitted to they, * results, as

(o8

for the B2-a sample, the’ regime was identifiable when the shown in Fig. 4. The inset of this figure allows one to appre-
current densities were higher than 100 mA7cm ciate in more details thi, regime.

Sample B3-1V was submitted to an annealing of 12 h in
650 °C. In this case, as also observed in the Bi-2212 system,
the \, region is absent. Moreover, the Gaussian exponent

Fluctuation conductivity results in the Bi-2223 samplesdecreases ths=0.5. BelowT,, the heat treatment induces
are very similar to those for the Bi-2212 system. In one ofa huge increase of the region dominated by mesoscopic
the samples, namely, B3-1, we have applied small magnetigranularity, but the exponers=3 could be identified only
fields parallel to the measuring current. Several fields from ¥or currents below 20 mA/cf Figure 5 illustrate the data
G up to 400 G were applied. Figure 3 shows® measure- for this sample. Table | summarizes the obtained exponents
ments obtained adl =5.5 G. These are representative of theconcerning fluctuation conductivity in our Bi-2212 and Bi-
results in the limit of very low fields. Far abovg,, the 2223 samples.

B. Bi-2223
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FIG. 4. X;l results for sample B3-1ll of the Bi-2223 system. In 70 % 110 130
the inset, an enlarged view of the, regime is shown. Temperature (K)

FIG. 5. X;l results for sample B3-IV of the Bi-2223 system.
The scaling corresponding to the critical regime dominated by mi-
Figures 1-5 and Table | show the general characterizatioproscopic granularity is not visible in this case.
of the resistive transition in our Bi-2212 and Bi-2223 ce-

ramic samples. Although strongly disordered at microscopignce length at zero temperature. The experimental amplitude
and mesoscopic levels, the rounded shape of the transition jgay be obtained from our results by fitting the fluctuation
related to thermal fluctuation effects. _ conductivity data to Eq(1) in the temperature interval where
The resistive transition may be roughly described as 3nhe Gaussian regimes were identified from e analysis.
two-stage process. The fluctuation conductivity in the normal,om the obtained values fdét we calculatefg(0)=10 nm
phase is identified by two power-law regimes in the reduceq,, ihe B2-a sample andg(0)=20 nm for samples B2-b
tgmperqture. Farther from the bulk sgperconductmg ransizng B2-c. These values are much larger than the intrinsic
tion, which occurs close t@,, the obtained exponents cor- . harence length of the Bi-2212 supercondd@and are
respond to 3D or 2D Gaussian fluctuations, depending on thg,ae to the granular nature of the sample. The experimen-
sample. Closer (@, results show the systematic dominanceg| amplitudesA certainly give overestimated values for
of a critical regime in V\_/hlch th@T vglue of the exponent is £4(0) because of the porosity of the ceramic samples, the
strongly affected by microscopic inhomogeneities. BeloWettect of grain boundary barriers, and the anisotropy of the

Tp, in the temperature interval characterizing the approachynqom|y distributed crystallites. Neverthelega(0) may
to the zero resistance state, fluctuation conductivity clearly,, roughly visualized as an upper limit for a sample-

shows the critical behavior expected for mesoscopic gra”“"a&ependent correlation length of the microscopically disor-

superconductors. dered superconductor. In other terngg(0) would give an
upper limit for the size of regions having homogenedus
A. Fluctuations in the normal phase Most likely, the mean size of these regions in our samples is
considerably smaller than the calculat&g(0).
For the Bi-2223, the Gaussian regimes extend frogn
For the Bi-2212 samples, we have observed that the re=0.03 tosg=0.10. For three of the samples, the values of
duced temperature interval where Gaussian fluctuations prehe exponents are consistent with a 2D or quasi-2D fluctua-
vail is limited to 0.06<&;<0.14, wheresg=(T—TS)/TSis  tion spectrum. For sample B3-IV, which was annealed at
referred to the extrapolatet{, as shown in Fig. (). The 650 °C, we have found ;=0.5. Again, for the Bi-2223 ce-
Gaussian exponent found for these samplesds 0.5 (see  ramics, the Gaussian regimes are likely to be describing the
Table ). According to the Aslamazov-Larkin theotythe  fluctuation conductivity of a microscopically granular super-
Gaussian exponent is given bys;=2—-d/2, and a value conductor. The 2D or quasi-2D exponents found in samples
Ae=0.5 would be expected for a three-dimensiondd=3) B3-I, B3-1l, and B3-Ill are in good agreement with results
fluctuating system. Our result is quite surprising since Bi-previously obtained by Ausloos and co-workérm a poly-
2212 is characterized by a strong planar anisotropy, and ongystalline sample of Bi-2223. These authors proposed that a
would expect that the dominant fluctuation regime in thesurfacelike percolation backbone underlies fluctuation phe-
Gaussian region should be typically 2D, as obtained imomena in such systems. This model is consistent with the
single-crystal samples. formation process of the Bi-2223 phase, which grows on the
The theoretical amplitude of fluctuation conductivity in a surface of Bi-2212 plateleté. The exponent\;=0.85,
3D system isA=e?/32% ¢5(0),° wheregg(0) is the coher-  found in samples B3-1 and B3-I1, is close to the one found by

V. DISCUSSION

1. Gaussian regime
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Ausloos and co-workers and implies that the fluctuation net- B. Fluctuations near the zero resistance state

work develops in a fractal space with spectral dimensionality rrom an empirical point of view, the simplest description
d=2.3=1+3, wherej is the well-known fraction dimen- of our fluctuation conductivity results in the regime ap-
sion for percolation clusterS.We also note that quasi-2D proaching the zero resistance state is given by(Bg.The
fluctuation behavior was identified in some YBasO;_5;  power-law behavior, which holds for low currents and low
ceramic sample.The 3D regime observed in samples applied magnetic fields, is indicative of the occurrence of a
B3-IV is a consequence of the heat treatment at 650 *Cparacoherent-coherent transitidheharacteristic of a granu-
which probably produces a more uniform distribution of the|ar superconducting network. Aft,,, the fluctuating phases
off-stoichiometric oxygen within the crystallites. For this of the order parameter in each mesoscopic grain become
sample, we calculatés(0)=25 nm, which is of the same |ong-range ordered as a consequence of a thermally con-

order as that obtained in Bi-2212. trolled percolationlike process that activates weak links be-
N _ tween grains. The obtained expones®; 3, is known to char-
2. Critical fluctuations acterize the resistive transition of artificially prepared

For the most disordered samples, when the temperature @anular arrays consisting of small superconducting particles
decreased below the Gaussian interval, a crossover is syembedded in an insulating matfixThe fluctuation conduc-
tematically observed in the fluctuation conductivity to ativity of ceramic YBgCu;O;_ s near the zero resistance state
power-law regime described by the exponkgt=3. We in-  is also known to be described by H§) with exponent close
terpret this\ ;, regime as being originated from genuine criti- t0 357
cal fluctuations. The exponent's value is suggestive of As exemplified in Fig. 2 and shown in Table I, in some
granularity® However, since the characteristic temperatureexperiments, performed with relatively high current densi-
interval occurs in the normal phase, we cannot associate it€s, a crossover itho to a power-law behavior with expo-
with classical granularity, typical of samples formed by nents’=4 is observed when the temperature approaches the
small superconducting regions which are weak-linked toR=0 point. In one of the Bi-2223 samples, namely, sample
each other by Josephson couplings. Instead) theegime in ~ B3-lll, the s"=4 is the only scaling regime observed below
our samples is a clear manifestation of microscopic granularT¢, as shown in Fig. 4. If attributable to a critical phenom-
ity. enon, and accordingly to E¢6) wherev is kept equal tc;,

In addition to mesoscopic disorder characteristic of cethe exponens’=4 would correspond ta=4. This scenario
ramics, our samples are also strongly disordered at a micrdits well into a description based on a vortex-glass
scopic level. Deviations from the nominal oxygen stoichiom-transition?® The vortex-glass transition with exponents close
etry, Bi-Pb interchange, distortions of Cu-O polyhedra ando ours have been observed in epitaxial fitnsr single
polymorphism are among the most frequent microscopic decrystalé? by resistivity and nonlinear I-V measurements at
fects in the Bi-based superconductdtfue to the smallness relatively high applied fields. In agreement with the analysis
of the intrinsic coherence length, these deviations from th@resented in Ref. 21, we only observe true critical vortex
ideal structure manifest themselves through spatial fluctuaglass fluctuations abovk,, and no crossover to vortex-glass
tions of the critical temperature. The analysis of the Gaussiafsaussian behaviét could be identified. The dominance of
regimes indicates thak.(r) fluctuates in scales of approxi- the glass thermodynamics in the limit of small self-fields, in
mately 10 to 25 nm, which are one order of magnitude largecontrast to conventional flux creep descriptiéfis probably
than the intrinsic coherence length, but are much smalletlue to the validity of the phase glass mdd@in the case of
than the size of crystallites. This situation meets the mosstrongly disordered ceramic materials. This model represents
important requirement to characterize a microscopicallya dirty limit of the more general vortex-glass theory and its
granular staté,where critical behavior is equivalent to that properties are related to Josephson weak-link effects. It is
of classical granular systems. worthwhile to note that, starting from the phase glass Hamil-

As for to the 3DXY universality class, to which super- tonian and using a mean-field approach based on the Kubo
conductors are supposed to belong, disorder is expected to Bgrmula, the author in Ref. 9 found theoretically that fluctua-
relevant. Then, the critical exponents should differ fromtion conductivity is expected to diverge with the exponent
those predictel and observetf®in the homogeneous case. s=3. This reinforces the interpretation of this regime, as
In the critical region, the dynamical scaling thetrff pre-  well as for thes’=4 one, as being intrinsically related to

dicts that the fluctuation conductivity divergesTatas superconducting granularity. As an additional proof, one
could also notice that a vortex-glass type of dynamics was
Ag~gv2rzdtmn) (6) observed in transport and magnetic measurements at low

_ N fields in ceramic YBgCu;0,.%°
wheree=(T—T.)/T., vis the coherence length critical ex-

ponent,z is the dynamical exponent angtakes into account
the deviation from the Ornstein-Zernike behavior in the or-
der parameter correlation function. For granular supercon- We studied experimentally the fluctuation conductivity
ductors, it has been demonstrated that;.>° Ford=3 and  close toT, of disordered samples of the Bi-2212 and Bi-
assuming thay=0, the value\,=3.0 would correspond to 2223 superconductors. For the analysis of the data we de-
an anomalous relaxation with exponert3.2. This value is  vised a method based on the determination of the logarithmic
intermediate between the homogeneous meanfield and  derivative of the conductivity with respect to the tempera-
the value expected for a spin glass or a dirty ferromagneture. The results show clearly that the resistive transition is a
system, wherg=41% two-stage process, and the fluctuation regimes dominating

VI. CONCLUSIONS
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each stage could be analyzed separately. Below the bulk transition, classical granularity effects re-
In the normal phase, we identified the occurrence of dated to disorder at mesoscopic level dominate the regime
Gaussian and a critical scaling regime. Both are dependemescribing the approach to the zero resistance state. The fluc-
on the state of microscopic disorder in the sample. In theuation conductivity diverges with the exponesz 3, as ex-
Bi-2212 samples, the Gaussian interval is rather extend96ected for granular networks. A vortex-glass expong(nt
and correspond to a 3D fluctuation spectrum. In the Bi-2223- 4 hich is also related to granularity, is identified in some
samples, the Gaussian regime is consistent with 2D Opeasurements with relatively high current densities. As gen-

quasi-2D fluctuations, but may become 3D depending on @1y ohserved in granular superconductors, the scaling be-
heat treatment that modifies the state of microscopic dlsordeH

. avior of the conductivity belowT. in our samples is
of the sample. Because of the strong planar anisotropy of th y ¢ P

Bi-2212 and Bi-2223 superconductors, one could expect thatrongly dependenF on the c_urrent .O.f measurement and the
) ; . : . . applied magnetic field, and is modified or destroyed when
intracrystallite 2D Gaussian fluctuations would dominate in ; .

urrent or field exceed some relatively low threshold value.

these systems. Our results imply that the strong microscop[ig : .
disorder modifies the fluctuation spectrum and favors the 3 n the other hand, the hierarchical character of the granular-

behavior in the Gaussian interval, as it does in the genuin8Y N our samples is additional evidence to some earlier
critical regime. Closer td@, , in both systems, we observed a observationd*®?7 that the fluctuation spectra o_f the_dlsor-
scaling regime with exponent,= 3 that is typical of critical d_ergd cuprate superconductors should be defined in a self-
fluctuations in the conductivity of granular superconductorsSimilar space.

This A regime is extremely sensible to applied magnetic

fields. We propose that both Gaussian and critical regimes
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