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A well-defined temperature-independent slope of the current-voltage charactedi@®#€3 is a common
feature of granular high-temperature superconductors in the paracoherertgstate superconducting; inter-
granular regions normalBy analyzing the contributions of anisotropy and structural defects to percolative
conduction processes both in the normal state and in the paracoherent state, we quantitatively account for the
observed CVC slopes using only the normal-state resistivity values. In particular, from effective-medium
theory it is found that the CVC slope of nontextured granular X880, s (YBCO) should be equal to
approximately one-third of the normal-state resistivity extrapolated to zero temperature. Simultaneous mea-
surements of the CVC and normal-state resistivity on a batch of granular YBCO samples are also presented
that verify our predictions with no free parametdiS0163-18207)01902-4

I. INTRODUCTION ready here that the percolative nature of conduction caused

by microcracks and other structural sample’s defects acts on
Current-voltage characteristi¢d€VC) of polycrystalline the real intergrain resistivityp,, to yield a considerably
high-temperature superconductofsiTS’'s) show a well- larger apparent intergrain resistivigy, . Paradoxically, the

defined temperature- and low-field-independent slope foParacoherent resistivity), can be determined from the
current in excess of the critical current, a fact known since0fmal-state resistivity provided separation of inter- and in-
soon after the discovery of HTS'sIn contrast, in low- ragrain contributions and proper analysis of percolative pro-

d he | . in th esses, especially the current distribution, are made. As a
temperature superconductors, the linear regime in the CV sult, we will show that, for YBCOp, should be equal to

takes place only in the mixed state, the slope being stronglypproximately one-third of the normal-state resistivity ex-
temperature and field dependent, and has been interpreted tggpolated to zero temperature. Departure of the apparent in-
flux-flow dissipatior? The resistivity associated with the tergrain resistivityp, from the actual intergrain resistivifyy,
constant slope of CVC in copper oxides is commonly aswill be also correlated with the temperature slope of normal-
signed to the intergrain junctions because they are the wealstate resistivity. The validity of our results will be confirmed
est links in the conduction path, the grain themselves goin§y direct measurements of, on a batch of sintered
normal only at much higher curreitWe will allude to that  YB&CuO;_5 (YBCO) samples, no free parameters being
resistivity as the paracoherent resistivify. However, the involved in the numerical comparison.
important physically relevant resistivity of polycrystalline
materials for comparison with models or theories of junc-
tions, weak-link networks, etc., is th@veragg intergrain
resistivity p,, (Wl stands for weak linKs Since in the context In this section we describe and parametrize the main
of CVC only the intergrain network plays a role, it is tempt- mechanisms involved in the observed normal-state resistivity
ing to identify p,, with p,,, as has been in fact assumed in thepn, With both grains and grain junctions in the normal state,
literature?~® In addition this resistancg,, is taken simply as @nd also in the observed paracoherent resistjyityith the
a free parameter, i.e., without trying any quantitative corre9rains superconducting but the intergrain junctions still nor-
lation with p,,, the measured normal-state resistivity. mal. We will especially focus on the percolative factors that
The objective of this work is to analyze, on the grounds ofcontrol the effective length and effective cross section of
a simple empirical percolation model of granular superconurrent paths.
ductors, the relationship betwegg, p,, andp, and to pro-
vide then a quantitative explanation of the values measured
for p, in polycrystalline HTS’s. We will show in particular In electrical normal-state conduction in granular samples,
that in contrast with the common assumption alluded to beeurrent path frustration and/or meandering of current may
fore, the resistivity of the average intergrain junction cannotccur by two quite distinct mechanisms. One is associated
be determined solely from the linear portion of the CVC.with the orientational disorder of anisotropic grafh.de-
Identification ofp,,, with p, results, consequently, in an er- pends on the degree of texturization, and has its origin in the
ror. The importance of the proper interpretatiorpgfcannot ~ extreme anisotropy of the copper oxides, the in-plane resis-
be minimized since it has been used, for instance, as a keyity p,, being orders of magnitude less than the out-of-
ingredient to assess the validity of the theory of classicaplane resistivityp,.° The upper path in Fig.(b) marked in
weak links to grain boundaries in HTS'd.et us stress al- dark gray is an example of current frustration by grain mis-

Il. NORMAL AND PARACOHERENT PERCOLATIVE
CONDUCTION

A. Normal-state resistivity
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FIG. 2. Main underlying mechanisms of resistivity enhancement
in granular samples starting from the resistivity of crystallitese
text for details.

FIG. 1. Sketch of a granular HTS sample showiagthe me-  small metal particles! dc conductivity'? paraconductivity:
andering(lengthening and shrinkingof current paths caused by and critical currents in granular copper oxidéur main
cracks andb) a finer scale view. In the latter, the channel in light contribution with respect to the aforementioned studies is the
gray corresponds to a conducting normal-stgte path due to the gOQ-féparatior[cf. Eq. (2)] of sample-dependent effectstruc-
alignment of the grains. In contrast, the grains in dark gray form ayral factora,) from essentially sample-independent effects
nonconducting channel in the normal state due to the grains’ miS(grain’s misalignment or anisotropy factér). We will see
alignment(see the 90° tilt grain boundarjeswhile in the paraco- |ater that for nontextured sampldsis indeed very weakly
herent state this channel is a conducting one because of the loss Qémple dependent. This splitting will manifest itself as a use-
anisotropy pay=pc=0). Finally, the lower part ofb) is not con- | means to arrive at our final objective of accounting for
ducting due to structural defectsracks, not connected grajns the well-defined slope in CVC found in polycrystalline cop-

. . . er oxide superconductors.
alignment. Since we are assuming, because of the extren?e P

. . The normal-state resistivity of polycrystallinéwell-
conduction anisotropy, a total current blockage along pathbxygenateﬁi HTS's is linear in temperature. This linearity of

ways with misaligned grains, the current percolates throughn enables determination of the two sample parameters

the t_sampclje ?Iong gnotirs]t:ucteiﬂ fﬁaths’t _entalllng a cros indp,, . More precisely, on taking temperature derivatives in
section reduction and path lengtheninthat increases resis- Eq. (1) and assuming,, constarft'® one gets

tivity by a multiplicative factor that we will denote as
1/f(0<f=<1). A distinct source ofapparentresistivity en-
hancement comes from structural defects, from those on the =
scale on grains, as pores or isolating boundaries, to those on Pn
the scale of the sample, as microcracks. Figure 1 illustrates ) o o
possib|e actual current pathm ||ght gray in the magnified where the primes stand for temperature derivatives. Simi-
view). The corresponding effect on resistivity by the latterlarly, from Egs.(1) and(3)

quality-dependent factor will be written as dl}

!
_ Pap

©)

(0<ay=1). Besides the percolative processes, a series con- Pab

tribution to resistivity stemming from the intergrain “barri- Pwl:? Pn(0)= anpn(0), (4)
ers” is to be added. This contribution is but tk@verage "

intergrain resistivityp,, mentioned in the Introduction. wherep,(0) is the extrapolation of the normal-state resistiv-

Figure 2 summarizes in a flow-chart style the main stepsty to zero temperature, or simply the zero-intercept resistiv-
in “constructing” the observed resistivity that we write ac- jty. In writing Eq. (4), p,p, is assumed, based on single-
cordingly as crystal measurement§,to vary linearly with temperature
(php=0.5 uQ cm K1) with a negligible zero-temperature
intercept. For typical polycrystalline Y-based HTSig is in
the range 0.2-0.05 ang, in the range 15—-40@.() cm (see
also Table ). It is worth noting the low values a#, (in the
ideal casexn,=1), but also the fact that the intergrain resis-
tivity contribution p,,, is of the same order of magnitude as
the intragrain contributionp,,(100 K)~50 u{) cm. Note
and it may be referred to as the normal-state percolative fadhat the situation is quite different for low-temperature super-
tor. Note that & a,=<1. conductors. In that case the array (@bsephsonjunctions

Approximations in the line of Eq.l) have been success- may be fabricated by pressing together bulk metallic grains
fully used in the study of fluctuation-induced conductivity in in a matrix. Because one deals with good conducting isotro-

1
pn:a_ (Pabt Pwi), 1)
n
whereq, is a shorthand for

an="fag, 2
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TABLE I. Relevant parameters of the specimens used in this \aw& text for details

Sample Tei (K)  pwt (w2 cm) an pn(0) (u2cm)  fpn(0) (uQecm)  py () cm)

Y16D6a 91.2 370 0.087 4260 1420 1200
Y16D2a 91.4 65.6 0.064 1030 343 310
YieD2d 91.2 18.9 0.144 130 43 50
pic grains, the normal resistance of the junctions is simply ll. ANISOTROPY-INDUCED RESISTIVITY
the measured resistance of the asserhbly. ENHANCEMENT

Effective-medium theorfEMT), as applied to the study
B. Paracoherent state of the heterogeneous media, intends to find a homogeneous

Below the transition temperature and for a high enougHnedium having the same overall properties as the original
current level(greater than the critical current of intergrain cOmposite medium. Inhomogeneity, always understood as
junctions but not high enough to force the transition of themacroscopic inhomogeneity, may include multiphase media
grains themselvésan ohmic regime is reached. The main but also single-phase anisotropic materials in polycrystalline
difference between percolation in the normal state and in thi§orm. Granular copper oxides, and in particular the
paracoherent state is that in the latter the orientational disorf B&;Cus07_; (YBCO) family we will focus on, belong to
der is irrelevant as the grain resistivity becomes vanishinglyhe latter category. Although a general formulation of EMT
small both in theab plane and the direction, resulting in for anisotropic media exist$,application of it to our particu-
the loss of anisotropy. As an example consider again thér case would be much less transparent and cumbersome
upper current path drawn in dark gray in Figbl It is than the “first-principles calcula_tion” we work out here.
prohibited in the normal state since current cannot flow along In order to perform calculations on the grounds of the
the ¢ direction because of the extreme anisotropy. NevertheEMT, we must first model granulgnontexturegf HTS's in
less, once bulk grains go superconductibgt the intergrain  SOMe manageable but realistic way. Among the different
junctions remain normal nothing hinders conduction along Simple geometrical forms one can choose in modeling the
that path. In sum, only the structural quality factey, and ~ grains, we have selected an oblate ellips@ity. 4). There

the intergrain resistivity,, enter the paracoherent resistivity are several physical reasons that support this choice, the prin-
cipal one being the preferred growth along thle plane of

Py, 1€, g .
P HTS systems as observed in single crystals and in SEM pho-
1 tographs of polycrystalline samples. Moreover, in an oblate
Po=— Pwl (5 ellipsoid, thea and_b axes are geo_metrically.equivalent, a
str fact that agrees with their established equivalence in the

a relationship which through Eq§2) and (4) may also be

recast as 4_"""""""""
L 7 -

Figure 3 further illustrates the various resistivities involved [ & Z
in the analysis. Note the sequengg0)>p,>p,; - g i Z Z

In light of Eq. (5), it is easy to see that the crude approxi- a 2t - Z gi —
mation often maddsee Sec.)l p,=p,, is incorrect, i.e., in E I 2Tk Z Z
general ag,<<1. This is because structural defectsacks, a I /’p ©) Zslope:p“- P ;/
etc) obviously remain as path-frustrating mechanisms even =" o % fo, "7
with the grains superconducting. A possible better approxi- o p=fp(0) ©
mation is to sejp,,=0 in Eq. (1), i.e., ag,=a, . Again, this re—"
involves a conceptual error as grain misalignment restricts 0 'Mas."‘?"(,o) T N T
current flow with the whole sample in the normal state but 0 50 100 150 200 250 300
not when the grains are in the superconducting state, as T(K)

singled out above. With this notation, this meags< oy,
equality applying only for an(idea) perfectly textured FIG. 3. Schematic figure showing the main resistivities involved
sample._ . . . . .. .. in this work on a typical resistivity vs temperature curve for a

Predllctlon of values for the apparent intergrain re5|st|V|tygram”ar superconductgs,(0) is the extrapolation to zero tempera-
pp requires knowledge df andp,(0) as conveyed by Eq6).  yre of the normal-state resistivity, , pp is the resistivity of the
The latter is readily obtained from normal-state measureparacoherent statégrains superconducting; intergranular regions
ments. Only the factof, namely the resistivity enhancement normay, p,, is the average intergrain resistivitwl stands for weak
by the combination of anisotropy plus grain misalignment, isjinks), and p,, is the intragrain in-plane resistivity. The other two
left. A main contribution of this work is precisely to work relevant parameters are the structural faeigraccounting for po-
out an expression fof on the grounds of the effective- rosity, microcracks, etc., and the anisotropy fadtoarising from
medium theory. This is done in the next section. the anisotropy and misalignment of graifs,,,f<1).
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FIG. 5. Resistivity enhancement factodue to the combination
of grain misalignment and anisotropy calculated on the grounds of
the effective-medium theorya/c is the mean aspect ratio of the
grains. As can be seeff, is only weakly dependent oa/c. In
particular, for a typical variation of/c in YBa,Cu,O5.5 between
2.5 and 4.5f ranges only from 0.38 to 0.2@ashed bajs

FIG. 4. Geometry of a HTS anisotropic grain used in this work.
Note theab HTS planes stacked in parallel to thé sections of the
oblate ellipsoid.

physical properties of copper oxide HTS's. In sum, polycrys-
talline HTS’s(and in particular, YBCQis modeled as con-

sisting of grains taken as oblate ellipsoids, their principal . . L L
axes coinciding with the crystallographic axes, with a meaan our particular case this calculatlon_ is greatly simplified
' ecauser,~ o> 0,0 After some straightforward algebra,

aspect raticc/a and random orientations. and denotin =0,= one arrives at the expression
Consider an ellipsoidal grain in the heterogeneous me* Pap=0Ta= b P

dium surrounded by all other grains that one assumes are
replaced by an equivalent homogeneous medium of un-
known conductivity o.z. Let J" be the current density
through the reference grain when an electric fiElds ap-
plied to the composite medium, aldgs be the current den-
sity that would flow through the homogeneous medium only
Since the homogeneous medium represents a spatial averal

3n,—3
et =3, 5 Tab: (11

The factor in Eq(11) represents the resistivity enhancement
due only to the combination of grain anisotropy plus mis-
i ggnment(random orientations so it is directly the factof

the average of™" over all possible orientations of the refer- Eq.(), ie.,
ence grain, denoted 43"), should also givelg, i.e., 3n.—3
_ z
(I = Joy= o oh. @ “3n-5 12

This is the main statement of the EMT. The calculatiod'df
or equivalently the electric fiel&" within the ellipsoid un-
der the applied field is a classical textbook restit

It can be said that the anisotropy contribution is a sample-
dependent mechanism in that grain’s eccentricity enters
neatly the result in Eq(12). This is not quite so. First, this

, n. , -1 dependence is a very weak one, as can be seen in Fig. 5,
E}“= 1+ — (a}”—oeff) E;, with j=x,y,z, (8  which is a plot of the anisotropy resistivity factdéras a
Teff function of the aspect ratio of grains. Second, by simply
where a}“ are the principal values,, o,, and o, of the  estimating aspect ratios from many granular YBCO through
conductivity tensor and the; are the so-called depolariza- SEM micrographs published in the literature as well as from
tion coefficients, whose principal values for an oblate ellip-our own samples, we have verified that the range spanned is
soid are given bjf less than may be thought in advance: Most aspect ratios are
between 2.5 and 4.5. This is tleaxis band drawn in Fig. 5.
1+e? The important result is that the correspondingxis band
N33~ Nz~ es (e—arctage), greatly narrows and ranges only from 0.28 to 0.38. In sum,
(9 we conclude that as a rule of thumb for YBCO to within
1 about 20%, we can take the value 1/3 for the fadtor
N11=Ng=Ne=Ny=5 (1+n;), An interpretation of this number in light of Eq&2) and
(3) is pertinent. We are saying that for a nontextured granu-
wheree is the eccentricity of the oblate ellipsoid given by |ar, but otherwise structurally perfect, HTS samgiie pores,
e=/(a/c)?>~1. The main conditior(7) is written now, by  microcracks, other phases,).aq=1 and f~1/3 so that

Eqg. (8), as a,~1/3 by Eq.(2). From Eq.(3), p,=3p.,, i.e., this ideal
N 1 sample should have a temperature slope of resistivity about
Ueﬁ:< 1+ G_Jﬁ ("~ oreg) o_}n> (10) Z](r)egmtknjles that of single crystals, i.e., around 1.5
e .
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Based on the preceding discussion, the question naturally 0.5
arises as to the existence of granular samples of such high e
quality that they have resistivity slopes this low. The answer 0.4 X P
can come only from experiment: when studying dc conduc- T Fs °
tivity in nontextured oxide cuprates Halbritter and collabora- i
tors (Ref. 12 came across a subgroup of samples whose 0.3 o
(temperaturg resistivity slopes clustered at about 1.8 : ] &
1Q cm K1, which is 3.6 times that of single crystal, and o2 b ! Tma) .~ 59

o
o}
o}
O

V (V)

also had very low zero-intercept resistivities. As a further F
natural check, we have looked into our own resistivity data [ .
bank to find that the lowest slope value was 1.66
uwQcmK™L ie., 3.3 times the intrinsic resistivity slope of
the ab plane(in this case, however, the zero-intercept resis-
tivity had a medium value

These two numerical examples can be brought to an even
closer accord with our model estimates by realizing that,
however structurally perfect those samples may be, some 5 - .
degree of porosity is surely present. We want then to sub- ;<p— """""""""" L‘"sq
stract the effect of porosity from the obseryggvalues so as -
to compare with the value gf,=1.5 uQ cm K™* for ideal 1.5 ¢
samples. First-order correction for porosity may be obtained
simply by applying the classical results for composite media
one of which(air) is isolating (see, e.g., Ref. 19, Sec).9
Denoting byv ., the volume fraction of voids, the correction
to subtract the porosity contribution from the observed resis- 0.5
tivity is p—p[1—3/2v por]’l. A very typical value for porosity
is 10%, i.e.,v,,=0.1. Application of the above factor to the
numerical examples leads to temperature slope factor
changes of 3.6:3.1 and 3.3-2.8, which are yet closer to the
expected value of 3. J (Alem?)

There are then experimental and theoretical bases for the
fact that when microcracks or other path-frustrating mecha- FIG. 6. (a) Complete current-voltage characteristics of one of
nisms, other than anisotropy, are absent, the observed tenme samples YB#Lu;0,_; used in this work. Note the two linear
perature slope of resistivity in polycrystalline nontexturedregimes corresponding to junctions going norrftaétween a few
YBCO should be aroundprecision may be increased if the mA and 3.5 A and to the whole sample becoming norrfiat-4.5
aspect ratio of grains is well knowithree times that of the A). In the inset a detailed view of the intergrain transition is plotted.
intrinsic ab-plane resistivity slope. This result, by E(), (b) Resistivity vs current density equivalent to curf&. The two
amounts to stating finally that the paracoherent resistbgty well-defined resistivity plateaus corresponding to the linear regimes
should equal one-third of the zero-intercept normal-state reef (&) are clearly shown. The lower plateau corresponds to a para-
sistivity p,(0). Since both resistivities are easily measurable coherent resistivityp,=0.31 mf) cm. The value of 1.9 1 cm of

the experimental check is obligatory and it is the content ofhe higher plateau agrees quite well with the value of 2(1 em
the next section. extrapolated from the normal-state resistivity to the acira88.25

K.

Lo b

T=88.25K

p (mQcm)

&
O
Y16D2a o
o
O
O
O
O

Contact pads were made by silver evaporation onto the
samples. A subsequent annealing at 350° jna@nosphere

At the end of the last section some suggestive evidenceor 1 h reduced the contact resistivity to T6-10°° Q cn?
for the validity of our results was given. Here we want to use(typical contact area around 1 mimwhich corresponds to
Eq. (6) to determine in YBgCu;0,_ s the apparent intergrain high-quality contactd’ CVC curves were measured by using
resistivity p, associated with the linear regime of CVC from a specially designed cryostat that maintains the sample in a
normal-state resistivity and then make a comparison with théiquid-nitrogen bath, controlled in temperature by varying its
measured values. vapor pressure. All these experimental precautions ensured

The polycrystalline YBCO samples used for that purposethat heating in the contacts due to the use of relatively high
were prepared using the conventional ceramic procesgurrents was negligible. Measurements were made with di-
Samples were sintered in air at 930 °C for 6—24 h and themect current.
annealed in pure oxygen at 350 °C for 6 h. Quality of the Figure §a) shows the entire CVC for one of the YBCO
samples was verified by x-ray diffraction, which showed thatsamples. Notice how neatly the double transition, namely,
they are single phase within 4%. The high values of thehat of the intergrain junctions as well as that of the grains, is
inflexion-point temperature of the resistivity transitiéh; captured. We want to stress that their respective critical cur-
in Table ) provide an extra validation of their quality. rents differ(see the ins¢tby a factor of 2<10°. In this figure
Sample porosity as estimated from comparison with thehe well-defined slopéfirst linear portion of CVC so often
YBCO density(6.36 g cm®) is around 10-15 %. referred to in this paper is also clearly displayed. Note also

IV. EXPERIMENTAL VERIFICATION
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that CVC must be driven quite far in current to get a reliable S —
slope, as for instance the slope in the large scale frame is (a)

about 20 times higher than the slope extracted from the inset 1.2 sessssessece ]
(over the apparently linear portinnA linear behavior ofV C ot °* ]
vs | with a temperature-independent slope above a certain 'r ’,-" E
current entails a progressive coincidence at any temperature 08k & ]

mSlcm)

between the differential resistancg\(/dl) and the absolute
resistance /1) as current increases. Stated otherwise, at a = 0.6}
high enough current level the measured resistance should = (]
saturate to a temperature-independent value. This is in fact
what has been observed by some authors when studying the 0.2
“tail” of the resistance transitiorR(T) as a function of in

various families of copper oxide superconductors. 0

There is a second linear regirfle>5 A in the example of
Fig. 6(a)] that obviously should correspond with the whole
sample gone normal. Both regimes are better visualized on a 1.2 . ——

T

resistivity vs current plot as in Fig.(6). Here it is seen the %

two plateaus with well-defined resistivities, i.e., ohmic re-

gimes, corresponding to the intergrain network and normal Z 7 ,%
o 1

state, respectively. We have checked that indeed the higher 0.8F .‘,‘.’oaﬂ' _
resistivity value coincides quite well with the linear extrapo-
lation of the normal-state resistivity to the actual temperature

TTTT
00-
1

L

._.
o
w

p/fp (0)

o

N

1

[en}

(3]
anisotropy factor f

of 88.25 K. r e Y16D6a -
The current dependence of the apparent integrain network 04r £ s YleD2d ] o1
resistivity for the three samples analyzed here is plotted in 02k .: = Y16D2a 17
Fig. 7(a). Since(resistivity) saturation is reached at a differ- I A T = 88K (b) ]
ent rate for the various samplédifferent critical currents, 0 J A N B A 0
etc) we have given the figure a uniform look by scaling each 0 0.2 04 06 0.8 1
sample’s current density differently. As an example, for JT(au.)
sample Y16D2a of Fig.®), the current density as plotted in
Fig. 7 has been normalized by 225 A cfn This procedure FIG. 7. (a) Resistivity for our three granular samples as a func-

does not obviously change the saturation valugs,offhese  tion of current density obtained from their current-voltage charac-

three samples, whose main relevant parameters are showntaistics[cf. Fig. 6(b)]. For easier comparison, a scaling factor has

Table |, were chosen from a larger batch as representativdsen applied to the current density values of each safapketext

of low, medium, and high intergrain resistivitipg, as given  (b) Same curves normalized by the intercept resistipjf0) times

in the table. Note that indeed a factor of 20 separates th#ée anisotropy factof. The observed convergence towards 1 for all

extreme values of,, . Also shown are the normal-state per- samples is a no-free-parameter validation of our analysis. The

colative factora;,, and the normal-state zero-intercept resis-dashed band covers the limiting valuesfotorresponding to ex-

tivity p,(0). Both a, and p,; have been calculated from the réme aspect ratios of grains.

measuredp,(0) and p, using Egs.(3) and (4). The central  excellent agreement is a graphical representation of the last

point here is that according to our results in Secs. Il and lllwo columns in Table 1.

the normal-state intercept resistivity(0) times the anisot- It is useful to get back to the intergrain resistivjiy, and

ropy factorf should coincide with the paracoherent resistiv-its connection withp,. The experimental validation of the

ity pp. The fifth column of Table | shows the product for a relationship p,= fp,(0) provided in Table | is formally

value of f=1/3 as argued above. Finally, the last columnequivalent to the equality,=p,/as; in Eq.(5). We can then

displays the experimental values fpg. As may be seen putinto numbers the error involved in the identificationpgf

predicted values fop, agree with experimental data within with p,, . For the three samples in Tablep}, differs fromp,

20% and, even as importantly, with no free parameters. Iy factors of 3.2, 4.7, and 2.6, respectively. A partial conclu-

fact, we believe that the comparison could be still improvedsion is that unless such an error is acceptable the intergrain

if we knew the aspect ratio of the grains for each of the thredesistivity cannot be determined solely from measurements

sampleqcf. Eq. (12)]. below the critical temperature of the grains, i.e., in the para-
Figure Tb), a graphic version of the same comparison, iscoherer_n st,ate. Formally, above the cr|_t|cal temperature of

a plot of the ratio of the experimental resistivityto the ~ the grainsp, and p,(0) are the data available to determine

product of the zero-intercept resistivipy(0) and the anisot- the two unknownsy, andp,, [see Eq(4)]. On the contrary,

ropy factorf. For current high enough to reach the ohmicPelow that temperature, only, is a datum for the two un-

regime, we see how the resistivity of the samples converged'OWNSpw and ag [see Eq(5)].

to fp,(0), i.e., their plotted ratio goes to 1. The dashed band

in the figure corresponds to the extreme values of 0.28-0.38

for f, the central value taken as 1/3, associated with grain This paper has addressed the physical meaning of the

aspect ratios between 2.5-4($ee left vertical axis The  well-defined resistivity, measured from the current-voltage

V. CONCLUSIONS
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characteristics of granular high-temperature superconductogdace in electrical conduction in granular media. As an inter-
[see for instance Fig.(B)]. As advanced in the Introduction, mediate result we have derived the resistivity enhancement
arguments have been provided against identification used ljue to anisotropy in randomly oriented granular samples us-
different groups ofp, with the more physically relevant av- ing the approach of the effective-medium theory. Within the
erage intergrain resistivitp,, . The (averagg intergrain re- scope of the analysis here, simultaneous measurements of
sistivity p,, is not accessible from the ‘“superconducting” normal-state and paracoherent-state resistivities could pro-
state in spite of only intergrain boundaries being normal, butyide an effective and quick measure for the degree of textur-
paradoxically, it is accessible from the normal-state sideization (factor f ) of grains in polycrystalline samples, but
Furthermore we have shown that the apparent intergrain rehis issue is left for future work.

sistivity p, is also predictabléwithin about 20% from the
normal-state resistivity with no free parameters involved. In
concrete terms, for nontextured Y210, ; samplesp,
come out to be one-third of the normal-state intercept resis- This work has been supported by the Conmisiotermin-
tivity. An explanation for this fact has been put forward isterial de Ciencia y Tecnologi(MAT95-0279. A.D. ac-
based on the analysis of the percolative processes takingiowledges financial support from the Xunta de Galicia.
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