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Tunneling percolation model for granular metal films
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The evolution of conductivity in granular metal films, as a function of thickness and temperature, has been
modeled by percolation within the framework of the theory of stochastic transport in disordered systems. The
model was analytically worked out by means of the effective-medium approximation. The analytical expres-
sion obtained spans the entire range of resistance, from insulating to globally superconducting behavior, with
increasing thickness. Quasireentrant or local superconductivity was found in our results as a consequence of
tunneling junctions allowed in the model. Experimental data on tin films are considered.
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I. INTRODUCTION

The conditions for the onset of bulk solid behavior a
the development of associated phenomena, such us s
conductivity in ultrathin films, are important problems
condensed matter physics. Recently fine experiments1 have
been realized in ultrathin metal films that present granu
structure. The general behavior of sheet resistanceR(T) with
thickness resulting in these experiments was surprisingly
producible for a variety of soft metals such as Sn,2,3 Ga,4,5

Pb,5 Al, and In. The thinnest films exhibit strong insulatin
behavior and activated conductivity with no trace of sup
conductivity. Manifestations of local superconductivity fir
become noticeable for thicker films as a ‘‘kink’’ and before
local minimum inR(T). The latter behavior has been calle
‘‘quasireentrant’’ superconductivity because the resista
never actually drops to zero. Subsequent addition of mate
then leads to films that present global superconductiv
Quasireentrant superconductivity has also been observe
three-dimensional films of granular aluminum.6 However,
this particular behavior has not been found in homogene
films. Granular films result when glass or ceramic substra
are used. Homogeneous films are formed on amorphous
substrates. The resistance of homogeneous films is alwa
monotonic function of the temperatureT ~see Ref. 7 for a
review!.

A remarkable feature in thin films is the fact that glob
superconductivity is found when the normal-state sheet re
tance falls below a value close toh/4e2. This is a universal
observation uncorrelated with either structural or mate
parameters such as thickness or transition temperature.1 Very
much attention has been addressed to the role of Josep
junctions in the interpretation of the experimental data
thin granular films. A random array of Josephson-coup
grains was considered in order to explain the origin of
resistance minimum. This was theoretically treated by a b
percolation model8 and also experimentally studied.9 The re-
sistive transition was also treated by renormalization-gro
550163-1829/97/55~6!/3841~8!/$10.00
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analysis of the effects of zero-point fluctuations on t
vortex-unbinding scenario.10

Our aim in this paper is somewhat different. We w
present a tunneling percolation model for describing
film’s electrical behavior from quasireentrant~local! to glo-
bal superconductivity in the context of the stochastic tra
port theory.11 The stochastic transport theory maps the co
duction process in disordered media on a random walk
lattices with random transition rates. The randomness in
model is a crucial ingredient that mixes two different ph
nomena: the insulator-conductor transition at the meta
grain concentrationp̄ and the metallic connectedness perc
lation one at the concentrationpc . Analytical results are
done within the framework of the effective-medium appro
mation ~EMA!. The EMA is a powerful approach to stud
analytically diffusion problems and stochastic transport p
cesses in disordered media. The EMA was developed in
pendently by several authors.12,13Whether the approximation
gives exact results was analyzed recently.14

The random walk approach has been used to study
random two-component mixture of good and poor cond
tors. The limit case in which the poor-conductor species
infinite resistance is known as a random resistor netw
~pure ‘‘ant’’ limit !, and the limit case in which the good
conductor has zero resistance is known as a random su
conducting network~pure ‘‘termite’’ limit !. The ‘‘termite’’
behaves like an ‘‘ant’’ on the normal conductor, where
performs a random walk in steps of one lattice spaci
However, the clock is held still while it walks on the supe
conductor. The scaling properties of random resistor and
perconducting networks have been extensively studied
Honget al.15 who developed a scaling theory for the gene
two-component alloy.

The EMA has also been extended to study the fir
passage time problem in random media.16 The first-exit time
analysis is a useful tool for describing the problem of ‘‘te
mites’’ diffusion.17 Recently, the role of percolation in dif
fusion on square and simple cubic lattices with a rand
distribution of energy barriers has been investigated
3841 © 1997 The American Physical Society
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3842 55PEDRO A. PURY AND MANUEL O. CÁCERES
means of Monte Carlo simulation and the EMA.18 The ana-
lytical predictions of the EMA in this model are in goo
agreement with numerical results both in the asympto
long-time limit and in the whole transient regime. Thus, t
reliability of the EMA has been well established in th
framework of percolation processes. However, the unive
behavior at the percolation threshold cannot be descr
correctly by an approach like the EMA.19

The starting point for the stochastic transport theo
within the linear response approximation, is the generali
Einstein equation for the conductivity:11

s5
nq2

kBT
D, ~1.1!

wherekB is Boltzmann’s constant,n is the number density o
effective carriers, q is the charge of the carriers, andD de-
notes the frequency-dependent diffusion constant of the
ordered medium. To evaluateD in a disordered medium we
must know all the transition rates for the carrier between
pair of lattice sites. In the EMA, the problem of a particle
diffusion in a disordered lattice is replaced by a diffusi
problem on an ordered lattice with an effective transition r
veff that is frequency dependent:

D5
1

2d
Za2veff , ~1.2!

whered is the dimensionality of the system,Z is the coor-
dination number of the lattice, anda is the lattice constant
dc hopping conductivity is calculated in the zero-frequen
limit and corresponds to the long-time limit of the diffusio
process. For the resistance in a disordered media we
then

R5C
T

veff
, ~1.3!

whereC is a constant that depends on the carrier proper
n andq, on the lattice geometrical constantsZ anda, and on
the geometrical form factors of the sample. For growi
films the geometrical form factors are given by the effect
conducting cluster, and thus depend on the growth param
~thickness!. Moreover, on large length scales, only the car
ers on the effective conducting cluster contribute to the c
ductivity. Their densityn is therefore also proportional to th
thickness.

This paper presents a tunneling percolation model for m
tallic granular superconductors. In Sec. II the transport p
cess of the model is mapped on a random walk in a lat
and the basic quantities are constructed. The EMA is p
formed in Sec. III and the percolation thresholdsp̄ and pc
are calculated. Section IV provides the temperature beha
of hopping rates and the analytical expressions for the
resistance dependence in temperature and concentratio
metallic grains are given. Section V contains the fits to
experimental data of tin films reported in Ref. 2. The fi
with our approach suggest the relevance of the third dim
sion in the conduction process of the film. Section VI pr
vides a final discussion and some concluding remarks.
results endorse an explication of quasireentrant supercon
c
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tivity based on the geometrical interplay between tunnel
and metallic junctions in the film.

II. TUNNELING PERCOLATION MODEL
FOR GRANULAR SUPERCONDUCTORS

The present model is based on the nature of the con
ered films.1,2 The samples were grown by precisely co
trolled exposures of a cold substrate to the metal vapor fl
Depositions of increments of average film thickness of l
than 0.02 Å were reported as possible, and typically inc
ments between 0.05 and 0.2 Å were used in the evaporati
The vapor flux density was estimated to be uniform to be
than 1 part in 104 over the area of the sample. All films wer
grown on silica-glazed alumina substrates held between
and 18 K during metal deposition. The sample temperat
remained below the highest temperature during deposi
and annealing effects were avoided. The glaze provide
very smooth surface on atomic length scales with variati
occurring only at long wavelengths. In consequence, it
reasonable to assumeequivalent uncorrelated metallic
grains on the film, with a narrow grain-size distributio
across the sample in the successive depositions of meta

We simplify the growth process by considering the ins
lating substrate as a hypercubic regular lattice in t
~square! or three~simple cubic! dimensions. Each site of th
lattice can be occupied by a metallic grain with probabil
p or can be unoccupied~vacancy! with probability 12p. We
are not considering correlations between any pairs of si
We assume the probabilityp to be proportional to the nomi
nal thickness. Fortrue two-dimensional films,p is the areal
coverage and can be measured from digitized micrograph20

The lattice constanta is selected equal to the mean diame
of grains. In this manner, two nearest-neighbor grains
forming the smallest metallic cluster. This random manne
filling the space induces topological disorder on the s
scale, but also represents a situation of structural disorde
the cluster scale.

We assume that the electronic states arelocalized in the
metallic sitesand that the effective electronic transport pr
cess takes place by hopping among neighbor grains.
transport process is mapped in the conventional way o
random walk in the lattice,11,13and all the randomness of th
system is contained in the spatial distribution of hoppi
rates between sites. We assume hopping bonds betw
nearest-neighbor sites only.

There are three types of bonds between two nea
neighbor sites in the lattice. The bonds between two vac
cies are insulators~with hopping ratesv050), the bonds
between two grains are metallic junctions~with hopping
ratesvs), and the bonds between a grain and a vacancy
regarded tunneling junctions~with hopping ratesv t). For the
two-dimensional case, a given realization of the lattice
depicted in Fig. 1. Two metallic clusters will be joined in
only one cluster if they have at least a pair of nearest ne
bor grains, and will be connected by at least one tunne
path if each cluster has a grain nearest neighbor to a s
vacancy in the lattice. There are several possible config
tions of parallel tunneling paths between two grains acco
ing to the environment of them, which increase with t
dimensionality of the lattice. Thus, the model takes into
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55 3843TUNNELING PERCOLATION MODEL FOR GRANULAR . . .
count in an elementary way the variations in the bo
strength due to randomness in the tunneling distance
tween metallic grains, which is present in the experimen
samples.

The fractionsP0, Ps , andPt of insulating, metallic con-
ducting, and tunneling bonds depend on the concentra
p in the following way:

P0~p!5~12p!2,

Ps~p!5p2, ~2.1!

Pt~p!52p~12p!.

P0(p)1Ps(p)1Pt(p)51. These relations are complete
general and hold in two and three dimensions, included
nonhypercubic lattices. Therefore, we are dealing with
three-component system where the lattice bonds have
ping rates v randomly distributed with the probability
density21

P~v!5P0~p!d~v!1Ps~p!d~v2vs!1Pt~p!d~v2v t!.

~2.2!

From the different types of bonds we will obtain in Sec.
two critical concentrationsp̄ andpc . p̄ will be related to the
conducting~tunneling and metallic! bonds and defines th
percolation threshold where a insulator-conductor transi
occurs.pc will be related to the metallic bonds only an
defines the lowest concentration where an infinite cluste
metallic bonds develops~connectedness percolation!. For
p.pc the model will show metallic conductor
superconductor behavior.

In the past another related model for tunneling percolat
was proposed by Gefenet al.22 and recently reanalyzed i
Ref. 23. That model was found to be compatible with t
experiments on a discontinuous thin gold film near the p
colation metal-insulator transition. Recently, tunneli
across dangling bonds or between metal grains in rand
two-components mixtures has been considered in the dc

FIG. 1. A realization of the system into the square lattice. T
sites are occupied by metallic grains with probabilityp or are va-
cant with probability 12p. References: (d) metallic grain, (s)
vacancy, (5) metallic bond, and (2) tunneling bond.
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ac electrical properties of insulator-conductor compos
near the percolation threshold. Evidence for a new sca
law has been reported.24

A three-component model was developed for the cond
tivity of dispersed ionic conductors,25 but that case corre
sponds to interfacial conductivity instead of conduction b
tween domains as in our case. This and our model h
similar expressions for the bond fractions in the tw
dimensional case@Eq. ~2.1!#, but they are intrinsically differ-
ent in the three-dimensional case.

III. EFFECTIVE-MEDIUM APPROXIMATION

The EMA self-consistent equation for the coherent tran
tion rateveff is

13

K veff2v

112Q~veff2v! L
P~v!

50, ~3.1!

where the angular brackets indicate the average over the
tribution P(v) given in Eq.~2.2!. The EMA for stochastic
transport is outlined in full detail in Ref. 13. The reader
referred to this excellent reference for further details. In
zero-frequency limit and for hypercubic lattices we g
Q21522dveff . In the long-time or zero-frequency limit th
hopping problem becomes equivalent to the random-resi
system and the effective-medium theory for that model w
already given by Kirkpatrick26 in classical bond and site per
colation problems.

The self-consistent condition, Eq.~3.1!, reduces to a qua
dratic equation forveff :

@~d21!veff#
21B~d21!veff2C50, ~3.2!

where

B[v t$@12dPt~p!#1@12dPs~p!#t%, ~3.3a!

C[v t
2@d212dP0~p!#t, ~3.3b!

andt[vs /v t . The relevant root of Eq.~3.2!,

veff5
1

2 ~d21!
~2B1AB214C!, ~3.4!

is positive forC.0. Thus, the thresholdp̄, i.e., the lowest
concentration of metallic grain where conduction becom
possible, is a solution ofd212dP0( p̄)50 (B.0 for p in a
neighborhood ofp̄). This situation corresponds to percol
tion of a conducting path that is made of metallic and tu
neling bonds in series. The strong insulating behavior of
film for p* p̄ will be given by the thermally activated con
ductivity, characteristic of the tunneling junctions. We obta
p̄512A121/d, and thusp̄'0.293 ford52 and p̄'0.184
for d53.

For C*0 we getveff'(d21)21C/B, and then if the

e
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3844 55PEDRO A. PURY AND MANUEL O. CÁCERES
percolation threshold is approached from above (p* p̄),
veff approaches zero with a critical exponentm,

veff}~p2 p̄!m. ~3.5!

In our model, we findm51 independently ofd.27 The EMA
values for the critical exponents in the scaling laws are o
rough estimations.19

In the limit t@1 ~highly conducting metallic bonds!,
B'v t@12dPs(p)#t and

veff'
B

2 ~d21! F211sgn~B!S 11
2C

B2 D G ~3.6!

if BÞ0, butveff'AC/(d21) if B50. Therefore, the con
dition B50 separates two different conducting regime
veff}v t for B.0 andveff}vs for B,0. Hence, the thresh
old pc , i.e., the lowest concentrationp where an infinite
metallic cluster develops, is a solution of 12dPs(p)50.
The superconducting behavior of the film forp.pc results
from a divergence in the hopping transitionvs . We obtain
pc5A1/d, and thuspc'0.707 ford52 andpc'0.577 for
d53. The difference between both percolation threshold
almost independent ofd: pc2 p̄'0.4. In our model, the me
tallic fraction of bonds resulting forp5pc is given by
Ps(pc)51/d.19 This value can be compared with the critic
fractions for uncorrelated bond percolation:28 P51/2 in
d52 ~exact result! andP50.2488 ind53 ~series expansion
result!. Thus, in the limitt@1 we can write

veff'5
d212dP0~p!

~d21!@12dPs~p!#
v t ~ p̄<p,pc!,

Ad212dP0~p!

~d21!
Av tvs ~p5pc!,

u12dPs~p!u
~d21!

vs ~pc,p<1!.

~3.7!

This expression will allow us obtain the general behavior
R(T) with thickness. The particular behavior ofveff at pc is
y

:

is

f

due to the fact that the transport process is in the tenu
percolating backbone, while forpÞpc transport is in a ho-
mogeneous disordered metallic support.

IV. TEMPERATURE-DEPENDENT RESISTANCE

To compare our tunneling percolation model with expe
mental results of granular superconductors we have to in
duce a temperature dependence in the hopping ratesv t and
vs . We assume the simplest hypothesis, taking

v t~T!5Kt expS 2
U

T D , ~4.1a!

vs~T!5H ` ~T,Tc!,

Ks$tanh@a~T2Tc!#%
21 ~T.Tc!.

~4.1b!

The dimensional constantsKt andKs give the strength of the
bonds. In this manner, the tunneling junctions are therm
activated with activation temperatureU ~see Ref. 29! and the
metallic bonds become superconductors forT<Tc . The
temperatureTc is the critical threshold of the conducto
superconductor transition and will be the local transiti
temperature forp below the percolation thresholdpc . This
simple model enables us to consider only granular films w
constant local transition temperature, like Sn films.1 The pa-
rametera controls the temperature saturation range. With
this range the bulk metallic conduction reaches the hi
temperature behavior. From Eqs.~3.7! and~4.1!, the function
veff(T) results in being continuous inTc for p,pc and di-
verges forT<Tc if p>pc .

Equations~1.3!, ~3.3!, ~3.4!, and~4.1! give the analytical
expression for the temperature dependence of the film re
tanceR(T). In Eq. ~3.4! the hopping ratev t can be factored
out; therefore,veff turns out to be a function ofT through
t. Introducing the notationK5Ks /Kt and R05C/Kt , we
obtain from Eqs.~1.3! and ~3.7! the following behavior for
T,Tc ,

R~T!

R0
5H ~d21!@12dPs~p!#

d212dP0~p!
T expSUT D ~p,pc!,

0 ~p>pc!,
~4.2!

and forT*Tc ~i.e., in the limit t@1),
R~T!

R0
'5

~d21!@12dPs~p!#

d212dP0~p!
T expSUT D ~p,pc!,

d21

Ad212dP0~p!
TFexpSUT DK21tanh@a~T2Tc!#G1/2 ~p5pc!,

d21

u12dPs~p!u
T K21tanh@a~T2Tc!# ~p.pc!.

~4.3!
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FIG. 2. The evolution ofR(T) curves for a tin film. Solid lines are fits of Eqs.~1.3!, ~3.4!, ~4.1!, and~4.2! to the experimental data~open
circles! with common fitting parametersd53, Tc54 K, U512 K, anda50.2 K21. The small bold letters correspond to set B of Fig. 1
Ref. 2.K has no dimensions and the units ofR0 arekV/hK. The values ofp used are~a! 0.35, ~b! 0.4, ~c! pc , and~d! 0.7.
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For p&pc , under the conditionB2'4C we will find a
‘‘quasireentrant’’ superconductivity behavior inR(T), where
the resistant shows a nonzero minimum atTc .

For p>pc , as the critical temperature is approached fro
above (T*Tc), the resistance approaches zero with a criti
exponents,

R~T!}~T2Tc!
s. ~4.4!

We find s51/2 if p5pc ands51 if p.pc , both indepen-
dently ofd. Thus, we find a different scaling behavior in th
l

conductor-superconductor transition at the critical concen
tion pc than forp.pc .

V. DISCUSSION OF EXPERIMENTAL RESULTS

In this section we accomplish the fit to experimental d
of resistance versus temperature corresponding to a Sn
set reported by Orr, Jaeger, and Goldman in part B of Fig
in Ref. 2. The experimental data document the system
evolution of 11 stages, from insulating to metallic behavi
as the sheet resistance of the film is decreased by increa
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3846 55PEDRO A. PURY AND MANUEL O. CÁCERES
its thickness from 19.4 Å to 21.2 Å. Typical thickness incr
ments were 0.1 Å. Our choice of tin experimental data
based on the small dependence of the local transition t
peratureTc as a function of the normal-state resistan
@R(14.0 K)#. However, some of the thicker Sn films als
exhibit transition-temperature oscillations with thickness30

Moreover, on high-resistance Sn films,R(T) increases
sharply with decreasing temperature apparently with
limit, whereas on Ga~Ref. 4! and Pb~Ref. 5! films R(T)
appears to flatten out at the lowest temperature even w
there is a minimum. This fact suggests that the picture
tunneling junctions thermally activated must be modified
some manner for these films.

Four film growth stages are shown in Fig. 2. The sm
bold letters correspond to set B of Ref. 2. Digitalized expe
mental data are given as open circles and the solid l
represent fits to the experimental data using our appro
from Eqs.~1.3!, ~3.4!, ~4.1!, and~4.2!. We have use the fixed
valuesTc54 K, U512 K, anda50.2K21. The critical tem-
peratureTc is the average local transition temperature of
films. In our model we simplify the physical situation b
considering the parameterU constant as a function ofT. We
evaluated U from the superconducting regime a
U'2D/kB , whereD is the energy gap in the Sn superco
ductor. For the estimatea we have taken a saturation interv
from Tc in the globally superconducting stages equal
5 K. The parametersp, K , andR0 are the remaining fitting
constants. From our percolation model we associate the
experimental curve that presents globally superconducti
with a film at the critical thresholdpc @see Fig. 2~c!#. As one
can see from Fig. 2, we find good agreement between exp
mental data and the calculated curves in all stages of
growth despite our oversimplified assumptions given in E
~4.1!. The agreement is excellent in the quasireentrant su
conducting stage and nearpc . The fitted value ofK in Fig.
2~a! is rather artificial because forp!pc the film resistance
is driven by the tunneling junction and the only releva
strength constant isKt , as we can see from Eqs.~4.2! and
~4.3!. From the simple assumptions given by Eqs.~4.1! K
must be constant. We can assume the approximated v
K50.002.31 The parameterR0 is a function ofp because of
the thickness dependence of the geometrical form factors
the carrier densityn.

The most striking feature of these fits to the experimen
data is that all these were done withd53. For d52 our
model looks like for thed53 case~qualitatively!, but we can
neither fit well the local minimum in quasireentrant sup
conductivity @see Fig. 2~b!# nor fit all the film set with the
same parametersU and a. It is in apparent contradiction
with the fact that the whole electrical evolution for all th
films, experimentally studied, takes place over nomi
thickness intervals correspondingto less than one atomic
layer.1 However, it is important to keep in mind that the tot
average nominal thickness at which this evolution ta
place is about 20 Å or 30 Å,near to four atomic layers. For
typical metals in a free-electron approximation, bulk sup
conductivity is expected in isolated grains with characteris
size greater than 30 Å. The stated thicknesses of films
nominal in that they are determined from summing the ma
increments of material deposited on the thickness mon
during each deposition and using the standard bulk den
-
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The latter may be greater than the real film density; then
real thickness may be greater than the nominal thickn
Thus, the real film may present a disorder structure tha
not confined to the film plane. We are dealing with a~211!-
dimensional system. The extra dimension reduces both
colation thresholdsp̄ and pc but preserving the difference
pc2 p̄'0.4; then the relative difference becomes more s
nificant. This fact has a pronounced effect over the q
sireentrant superconductivity.

For a true two- or three-dimensional system we can
sume the probabilityp to be proportional to the nomina
thickness, but for a real~211!-dimensional film the relation
betweenp and the nominal thickness may be rather nonl
ear. In Fig. 3 the fitted values ofp versus nominal thicknes
of films ~assuming constant increments of 0.18 Å betwe
consecutive films in set B of Ref. 2! are plotted. Two differ-
ent linear regions are present with a breakdown nearpc .
This breakdown may suggest that the percolating backb
at pc is not in the basal plane.

Finally we want to make some remarks about nonlinea
in current-voltage (I -V) characteristics. At low temperatur
(T,Tc) the experimental I -V characteristics2 show a
‘‘quasi-particle-like’’ behavior for very thin~high-resistance!
samples with an upturn in current. Thicker samples ha
‘‘Josephson-like’’ behavior with an upturn in voltage. If th
current-voltage characteristic of each component~metallic
bond! contains a small nonlinear contribution, the nonline
ity is amplified because of the tenuous structure of the i
nite percolating cluster atp*pc and the sample as a whol
shows similar nonlinearity.22 This is the case for the
‘‘Josephson-like’’I -V characteristics. Nonlinear behavior fo
p,pc usually arouses the picture of some sort of tunnel
phenomenon.23 This behavior is associated with ‘‘quas
particle-like’’ I -V characteristics. At low temperature th
thermal activation mechanism of the tunneling junctions
frozen and only in the presence of a sufficiently strong lo

FIG. 3. The metallic grain fractionp as a function of the film
thickness. The small bold letters correspond to set B of Fig. 1
Ref. 2. We have assumed constant thickness increments of 0.
between consecutive films in the cited set B.
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field may the junction become conducting. At higher volta
the ‘‘quasi-particle-like’’ characteristic would be Ohmic.

In our model we have not included Josephson coup
between metallic grains. In consequence, we cannot des
the I -V characteristics in the first stages of glob
superconductivity.32 Moreover we cannot accomplish the d
scription for the ‘‘quasi-particle-like’’ characteristics with
the framework of linear response theory upon which
~1.1! is based. From Eq.~1.3! we only obtain the linear re
lation I5(1/CT)veffV. However, we can predict the thres
old voltageVc for tunneling conduction at low temperatur
If E is the tunnel energy barrier, we haveVc5E/e and this
can be evaluated if we assumeE5kBU. Using the fitted
valueU512 K results inVc'1 mV. This value is accordin
to that suggested by the experimental results~see Fig. 2 in
Ref. 2!.

VI. CONCLUSION

In summary, we have presented an analytical solution
tunneling percolation model for metallic granular films. U
ing the effective-medium approximation we have obtain
explicit expressions for the resistance as a function of g
concentrationp and temperature. Our results are in go
agreement with the expected behavior from experime
The agreement is excellent nearpc in spite of the oversim
plified assumption taken in the model@see Eqs.~4.1!#. The
fits suggest the importance of the film thickness in the
mensionality of the conduction process.
,

s

r,

B

.

.

e

g
ibe
l

.

a

d
in

s.

i-

In our model we have omitted the Josephson coup
between superconducting grains. We have considered
tunneling of single particles between metallic grains. An
portant question that might be asked is at which point in
film evolution do Josephson junctions span in the sample
drive the superconductivity.1 By working out our phenom
enological model we have obtained a strong indication ab
the percolation mechanism that governs the quasireen
superconducting regime, i.e., thermally activated hopp
tunneling. The Josephson junctions must percolate in
framework for p*pc and give the signature of the fir
stages of global superconductivity. The present work se
to strengthen the importance for the geometrical interpr
tion of quasireentrance based on the interplay between
tallic and tunneling bonds, instead of a quantum collec
effect supported by a Josephson network.
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