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We report on unique electronic properties in Fe-Sit@nocomposite thin films in the vicinity of the perco-
lation threshold. The electronic transport is dominated by quantum corrections to the metallic conduction of the
infinite cluster(IC). At low temperature, mesoscopic effects revealed on the conductivity, Hall-effect experi-
ments, and low-frequency electrical noigandom telegraph noise andf Ifoise strongly support the exis-
tence of a temperature-induced quantum size eff@&E transition in the metallic conduction path. Below a
critical temperature related to the geometrical constriction sizes of the IC, the electronic conductivity is mainly
governed by active tunnel conductance across barriers in the metallic network. Thefhiglisg/level and the
random telegraph noise are consistently explained by random potential modulation of the barriers transmittance
due to local Coulomb charges. Our results provide evidence that a lowering of the temperature is somehow
equivalent to a decrease of the metal fraction in the vicinity of the percolation limit.

INTRODUCTION percolation threshold. We performed magnetotrans{omth
magnetoresistance and Hall effeahd electronic noise mea-
The results of early studies on electrical properties ofsurements to probe the static and dynamical electronic prop-
metal-insulator composites or metal granular films were sucerties of a set of percolating channels. Hall effect and resis-
cessfully considered in the framework of percolation and eftance fluctuations undergo an unexpected temperature
fective medium theoriek:3 When the metal volume fraction transition at low temperatures. Our results provide evidence
X is less than percolation threshotd, the conductivity oc- for a temperature-induced QSE transition in the infinite clus-
curs via intergranular tunneling or temperature-activateder (IC) resulting in a crossover from tunneling to metal-type
hopping. Its temperature dependence follows the well-knowrconduction. In the vicinity of the temperature-induced tran-
T law, i.e., o(T)xexp(—\To/T).#*® As the system ap- Sition, we report on an astonishing random telegraph noise
proaches the percolation limit, the correlation lengthdi- ~ (RTN) which reveals temperature-induced changes in the IC
verges and the conductivity is mainly governed by the physiconductivity. We use a frequency-temperature analysis of the
cal properties of the infinite clusté¢tC) formed by metallic non-Gaussian noise to gain insight into the microscopic ori-
grains in contact. For 4 x<1, the granular film behaves like gin of the resistance fluctuations. A 100-meV activation en-
a macroscopically homogeneous disordered metal and tH¥gy for the fluctuating process has been inferred and the
conductivity at low enough temperatures is mainly governecRTN is interpreted in term of drastic current redistribution in
by quantum corrections due to weak localizafiowL) and  the overall connectivity of the metallic network. We attribute
renormalization of the electron-electron interactid®El), the temperature-induced transition in IC to thermally acti-
both revealed in several measureménte. vated cut off in the percolating path induced by quantum-size
Recently, the interest for magnetic and granular material€ffects. The magnetic contribution to the electronic transport
has been reinforced due to unique properties, which ar# the infinite cluster is also discussed.
r_nuch more pronounced in _the closg vicinity of the_ percola- EXPERIMENT
tion threshold. Let us mention, for instance, the giant mag-
netoresistance(GMR),'27° the giant extraordinary Hall Fe,-SiO, nanocomposite films are prepared by the ion-
effect’®” nonlinear transporf and optical propertiéS  beam sputtering technique in a vacuum chamber with a mo-
widely discussed in the literature. However the exact mechasaic target consisting of Fe and Si@ablets. The volume
nisms of these effects remain elusive. Even more, the physfraction of ironx varies between 0.3 and 0.9 and is controlled
cal origin of the famous 4/T law for the temperature depen- by x-ray microanalysis. The film thicknessare about 0.4
dence of the conductivity is controversially discussed withinum. Transmission electronic microscopitEM) has been
different theoretical concept€:?® Discrepancies between performed to estimate the iron grain size distribution. The
theories and experimental results mainly originate from varidistribution functionf(L) of grain sizes for a F£Si0,); _y
ous quantum effects such as single-electron transpofilm similar to those used for electrical measurements is
effects?* quantum interferencé® and quantum-size effects, shown in Fig. 1, with a Gaussian fit in solid line and an
which strongly affect the granular metal propertiéd®®1422  average grain size value around 4 nm. The distribution
and are not properly described by the classic theories of theanges from about 8 nm down to isolated atoms. Such a
electronic transport. widespread distribution toward the atomic scale is likely in-
The present paper is devoted to the study of quantum sizeerent to composites prepared by sputtefifighe resistivity
effects (QSE) on the electronic transport in keyx.-SiO,  dependence on the metal content exhibits a percolation tran-
nanocompositégranular metalfilms, in the proximity of the  sition atx.~0.56. The rather high value of the percolation
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FIG. 1. Grain size distribution functiofi(L) defined by TEM FIG. 2. Temperature dependence of the conductivity for

image on FESIO,); _ thin films. The solid line is the Gaussian fit g sj0, thins films, with x~x.. Above 70 K, the conductivity

f(L)>exd—(L—(L))%207] with the average valuéL)=3.8nm  follows a TS law. The inset plots the resistivity V&
and the dispersion =1.9.

threshold is due to the significant amount of iron in atomicfithm dependence. Our conductivity data are well described

samples in the very close upper percolation threshgld, K. Such signature oé-einteraction at rather high tempera-

H H 1 11,25
“XZ- In the hopping regime, magnetic and electronic IorOIO_ture is not unusual for granular metallic filmi&? the

erties have been presented befSr&he magnetotransport §trength of the EEI corrections being directly coupled to an

measurements, up to 40 T, are performed on patternefjcreased disorder.
samples into a Hall bar geometry of 7-mm length, 2-mm Below 70 K, a significant departure from the square-root

width, and a 2.5-mm distance between potential probeéfaw is observed with a much-pronounced increase of the re-
Electrical noise measurements are based on the standafgtVily- In any case, our results do not follow aTh(de-
four-probe d.c. technique from 4.2 to 300?kSpecial care pendence of the conductivity, even at low temperatures. It
was taken to ensure that spurious noise such as contact nofghes out any dimensionality change in the characteristic con-
does not contribute to our results. The experimental backdUctivity lengths, but it is a hint of a temperature-induced
ground noise is in agreement with the theoretical Johnsoffansition toward a more resistive regitfeTo go through
noise of the sample and we checked the square current gdetails of the electronic transport in the infinite cluster, we
pendence of the excess noise spectral derSjtf,) 12, 1/f focus on Hall effect, noise measurements, and mesoscopic

noise is measured with a current density lower tharfff€CtS on the conductivity. o _
102 Alcm? to prevent heating effects. The noise data we In Fig. 3 are presented the magnetic-field dependencies of
present correspond to the power spectral density of the volfh€ Hall resistance,(H) for several temperatures. All the

age normalized to the applied current and the resistance GUrves exhibit two well-defined regimes corresponding, re-
the sample. spectively, to the extraordinanR() and ordinary R,) Hall

effect. In low fields, the sharp increase of the Hall voltage is
RESULTS AND ANALYSIS related to the magnetization through the strength of the spin-
orbit coupling between the charge carriers and the magnetic
Figure 2 presents the temperature dependence of the comoments. In the high-field regime, the Hall voltage follows a
ductivity of Fec_x.-SiO, granular films representative of a linear and much weaker field dependefteThe high-
panel of results obtained in the very close upper vicinity ofmagnetic-field measurements of the Hall effect provide an
the percolation threshold. The conductivity continuously in-accurate estimate dROZﬁpHa“(H)/ﬂH|H>HS the ordinary
creases from 1.8 K to room temperature by a factor of 3. Thigya)| coefficient, well above the technical saturation of the
rather weak temperature dependence for a granular system
and the nonexponential behavior are consistent with a metal-
lic conductivity regime above the percolation
threshold?1%12.2% various laws of conductivity variations
with temperature have been suggested in the literature, rang-
ing from the logarithmic to a power-law behavidro(T)
«TA, B<1, to deal with disordered metallic systems and
nanocomposites in the metallic regiffié! They mainly re-
flect quantum corrections at sufficiently low temperature to
the conductivity process which originates from WL and
renormalization of the EEI in a random potential. In first
approximation, both processes are additive and in a three- 0 , , , ‘ ,
dimensional(3D) system, the conductivity corrections vary 0 5 10 15 20 25
as follow: Aa(T)~Aw TP2+AseVT.” Ay and A, are KoH (T)
constants related respectively to the WL and EEI. The FIG. 3. Hall resistivity of a FgsSiO, thin film measured in
exponent varies from 3/2 to 3 depending on the scatterin@igh-pulsed magnetic fields for several temperatures. The inset re-
mechanism. In 2D systems, both processes exhibit a logaorts the temperature dependence of the ordinary Hall coefficient.
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FIG. 5. Temperature dependence of the power spectral density
of the resistance fluctuations measured at 10 Hz. One notices a two
FIG. 4. Temperature dependence of ¥, ,(T) voltage com- orders of magnitude increase of the noise level aroyndrhe in_set
pared with that for overall resistivity of the sample. Th&/,, plqts the frequency dependenge of the power spectral density of the
temperature dependence reveals realignment of the infinite clustf©iS€ in @ log-log scale following a fliaw at room temperature.
The inset plots the local variation of the correlation lenigthin the
percolation path. ter (inset Fig. 4. 6L, clearly peaks af =T, with a 1 um
estimatedL . peak value assuming a negligible correlation
magnetization. Its temperature dependence is presented lgngth at room temperature. This striking mesoscopic effect
the inset of Fig. 3. An astonishing variation®f is observed strongly supports the assumption of a temperature-induced
around 70 K. Above and below of this “critical” value, the percolation transition in the metallic path ks theoretically
Hall voltage remains practically temperature independentdiverges at the percolation threshold. The results obtained on
From the percolation theohyand theR, values, we infer a distinct locations of the Hall pairs provide the similag(T)
rough estimate of the effective charge carriers density independencies.
volved in the percolating channels. At room temperature, To probe the microscopic origin of the conductivity and
Ne=~9x10%2cm~3 This is comparable to the bulk metal its temperature-induced transition, we measure the low-
value, which is consistent with granular systems with a mefrequency electronic noise between £0to 10* Hz. The
tallic fraction above the percolation threshold. Below 70 K, power spectral density of the noi§g(f) mostly follows a
the system behaves as if the number of carriers participating/f* dependence from 4 to 300 K, witt close to 1(inset
to the conduction is drastically reduced by one order of magfig. 5. The noise level versus temperature at 10 Hz reveals
nitude. The abrupt rise d®, reinforces the assumption of a a sharp variation by two orders of magnitude around 70 K
temperature-induced transition Bt~70 K. (Fig. 5. This spectacular behavior of the electronic noise
The geometrical misalignmedt;, of the Hall contacts in  occurs at the same temperatdieas the abrupt variation of
a patterned sample is one of the sources of nonzero Haihe ordinary Hall effect and the departure of the conductivity
voltage Vy, in zero-magnetic field. In an homogeneoustoward a more resistive regime. Below and above the jump,
sampleVy, is equal toRldy,/d, whereRandd are, respec- the noise levels are almost constant; only a slight increase of
tively, the resistance and distance between the resistance pire noise is noticeable above 130 K. The excess noise is
tential probes andlis the applied current. In our samples the commonly defined by the empirical Hooge's expressfon:
geometrical misfit is estimated to be abouut. However, S, (f)=»?y/Nf* wherey is the Hooge’s constant; the
it is well established that additionally to the pure misfit volt- applied voltage, andN is the charge carrier number in the
age, intrinsic inhomogeneities in the IC at a scale less thanoisy volume. From thé&,(T,f) values and the high-field
the correlation length, originating from the IC random na-Hall effect, we deduce/~300 at 300 K. This noise level is
ture, strongly contribute t()/Hp.27 So, in a general case, at least four orders of magnitude greater than normally found
Vip(T) can be rewritten as follows:Vy,(T)=RIldy,/d in well-crystallized metallic thin filmg® Nevertheless, it re-
+AVyp(T), whereAV,(T) is the local voltage arising in - mains rather small compared to thealues usually found in
the different percolation paths probed in between the twayranular systems dominated by the hopping regifrigelow
Hall contacts. From the above expression and assuming thatD K, the Hooge’s constant is significantly increased and
at room temperatur&/y,, originates from the geometrical reaches 2000.
probes misfits only, we can extract the volta®,,(T) In the close vicinity of the transition, between 50 and 65
which is of incoherent mesoscopic natéfesigure 4 repre- K, the resistance fluctuations are dominated by a large and
sents the temperature variation®¥,,(T) obtained for one unexpected non-Gaussian noiféig. 6@]. Random tele-
of the Hall probes location on the sample. The drastic temgraph noise is observed with resistance steps of the order of
perature dependence which significantly differs from the one\R/R~4x 10" at 50 K. The RTN has been theoretically
of the overall resistivity of the sample provides an evidencepredicted in percolating macroscopic systems with an intrin-
for IC realignment. The local voltagaVy,(T) can be ex- sic sporadic behavior over tinfé.In our case, the discrete
pressed as a function of the correlation lengthin the me-  switching events are sometimes barely resolvable above the
tallic network: AVy,,~2E L.,2" where E is the averaged background Gaussian fluctuations which prevents any statis-
electrical field over the sample. Therefore, the temperaturéical approach in the time domain. Nevertheless, the power
dependence oAV,(T) can be related to the temperature- spectral density of the time traces reveals thermally activated
induced changes of the correlation length in the infinite clusfeatures related to the non-Gaussian noise. Bjd,T)f

T(K)
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WW‘WWWMW 12K amisnspwmgan 63K enhancement of both the resistivity and its fluctuations as
PN 06 nx well as a RTN. These observations strongly suggest an
A s N VL P wox abrupt realignment of IC, i.e., changes in the percolating
Fdpeselbean™\ network, with a reduction of its effective volume.
In an attempt to understand the physical origin of the IC
cor o er breaks or realignment, it is of interest to deal with the par-
Time (s) a. . . .
ticular structure of the percolating paths as the metallic frac-
s L tion tends tox.. The main feature of the conducting chan-
16x107 . | nels is the existence of bottlenecks constituting conduction
— 110 T e 1] bridges between larger metallic parts. _If we assume that
L i DU those weak links correspond to geometrical constrictions of
- 8010 | 1000 () iron particles in contact, they should. represent a privileged
= location for quantum-size effec(®SE) induced by the elec-
40510 . tronic confinement. QSE result in the electronic level split-
615K ting within the constriction which induces an energy barrier
I RN R TR A for conduction electrons. Such geometrical constrictions
Frequency (Hz) b. have been observed in our sample by electronic microscopy

with an average size ranging up to approximately 3 nm.
FIG. 6. (a) Time traces of the resistance fluctuations for several In the simplest QSE model, the height of the barrier is
temperatures. A highly non-Gaussian noise is observed in the vicirapproximated by A= 1/[N(8F)|_3]~8F /(|<,:|_)3 where
ity of the transition temperaturé¢b) Frequency dependence of the N(sF)ocm3/28,1:/2/h3 is the electronic density of state at the
fxS,(f) at various temperatures corresponding to the non-fermj jevel and. is the size of a small granule connecting

Gaussian fluctuations. The inset plots the temperature dependenﬁ;@0 granules of larger sizé8 The above expression yields
of the frequency peaks théxS,(f) curves. They follow an 10 meV energy barrier for a 3-nm constriction.

Arrhenius law from which a 100-meV activation energy is inferred. At first, let us consider the conductivity(T) at tempera-

tures above 70 K. In this temperature rang€T) is strongly
spectra_ versus frequency shows bump whose frequencalffected by corrections due to tleee interaction. The con-

peaksf, shift with the temperature. These bumps are a cleaf uctivity variations with temperature caused by the correc-

signature of a well-defined fluctuating process responsibl Ao is of th £i hol | X hl
for the RTN3? The frequency-temperature dependence of the'ONSACIS O the order of its whole valuéa/o is roug v
bumps follows an Arrhenius lawf,,=foexp(—E./KT). E, equal to unity. On the contrary, the loffe and Regel criteria

. — 2 > _
is the activated energy of the fluctuating process &ndhe yields 71/(7ep)<3 10 “<1, wheresg and 7 are, respec

: - . tively, the Fermi energy and the electron momentum relax-
attempt frequency in a two levels model. The fit in inset Fig.

6() yields E,~100meV andfo~2.8<10"¥sL The at- ation time inside grains. As a matter of fact this apparent

tempt frequency is consistent with a phonon-assisted ﬂuctugontradwtlon comes from the strongly enhanced guantum

ating process. It is worth mentioning that the Dutta_Dimon_corrections in the close vicinity of the percolation transition
Horn modef® .mainly used to deal with noise in metallic (S€S: for instance, Refs. 9 and)3&ven more, the percola-

films is in obvious disagreement with our results arodhd tion threshold proximity itself provokes Anderson localiza-

- . tion in weak links or bottlenecks of the percolation
even if one involves the temperature dependence of thglusters

5,36 ; H H
. : >>2% Let us defines, as the electron kinetic energy
charge carriers number given by thg Hall voltage data. W%ver the top of the barrier induced by QSE in constrictions.
conclude that drastic changes occur in the nature of the flu

tuators and their coupling to the conductivity in the vicinitycrhe electron overcoming the barrier has a wavelengih

. . . : ~h/(2me,)Y?  much longer than the value\g
of T;. Fluctuating mechanisms with an activated energy cen-_ h/(2meg) Y2 characteristic for the IC “lakes.” For small
tered on 100 meV widely dominate the dynamic process er) . L
aroundT, . enoughe, values, i.e.A,>1~L, wherel is the electron

In addition, we performedsQuip measurements, high- MEan free path, electrons in the constriction are localized.

magnetic-field Kerr effect, and magnetoresistance to probghIS me_chamsm gives rise to Anderson I_ocahzatlon near the
ercolation threshold and was observed in@®d , granular

the magnetization and its influence on the conductivity. The’ atallic film<® with structure similar to our svstem
temperature dependence of the conductivity doesn’t exhibit" Y i

P : . e Now let turn to the discussion of the transition. Below 70
significant changes as a function of an applied magnetic f'el% the Hall effect demonstrates an anomalous reduction of
up to 30 T. The Kerr data and the ZFC-FC magnetization,’

obtained bysQuip, show the coexistence of two magneticn[he effective volume of conductivity. The direct consequence

phases, one is ferromagnetic and persists up to room tengf those local breaks in the metallic network is the reduction

perature, the other one is superparamagnetic with a blockin y one ordgr of magn|tu<_je of the available number of carri-
temperature distributed around 90 K. rs. It is of interest to notice that the temperature dependence

of the ordinary Hall effect is in qualitative agreement with
the Hall effect variation versus the metallic fraction nzar
predicted by Shklovskii® This model, based on a scaling
Our results reveal the existence of a peculiar temperaturdyypothesis with two different electrical conductivities consti-
induced electronic transition in the IC for which we con- tuting the system, gives rise to a sharp increase of the ordi-
comitantly observe a sharp increase of the ordinary Hall conary Hall coefficient as the metallic fraction is decreased
efficient, a peak of the -correlation length and andown tox.. Therefore, in the close vicinity of the percola-

DISCUSSION
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At low temperatures the constriction conductance is mini-
5 . mum and can be considered as a “switched off” one. How-
; S0y ever, starting from the temperatufe-T, =¢ /k, the con-
3 ductivity properties of the constriction begin to increase and
¢ its conductance rises. Formallg;—o at T=T, , so the en-
E a0t ergy &, <L 2 corresponds to an activation energy for the
o constriction of sizel. It means that, at a given temperature,
= only the contacts witt. >L; whereLt~kg *(e /kT)?® are
2 4 “switched on.” All constrictions of smaller sizes are
o x0T switched “off” at this temperature.

0 4 8 W 16 We argue that the temperature dependence of the IC con-
T2 (K™) ductivity is strongly affected by the above mechanism of
FIG. 7. Temperature dependence of the metallic conductance afonstrictions’ switching on under a temperature increase. In
the infinite clusteiG,(T) deduced from the difference between the the “open” (switched on constriction, the electron wave
experimental conductance and the one corresponding to the hoppiigngth \ , is long enough to satisfy the inequaliiy,>L.
regime (see the tet Gc(T)=[GexT)—GnoT)]. The solid  Thus, the conductance of such a constriction is defined by a
lines are guides to the eyes. weak electron localization and depends on temperature as

follows: g=gq+ const TY? where the parametey, is deter-
tion, a decreasing of the temperature affects the conductivityhined by the conditiong(T,)=0, that is g(T)«(T?

in the infinite cluster in the same way as a small reduction of— T3,

tion |ength LC (inset F|g 4.37'38'40 open constrictions:

However, the abrupt change of the Hall effect compared -
to the smooth one of the conductivity nedy cannot be GTocJ f(TO(VT—VT)dT, .
explained in the frame of a single mechanism of conductiv- 0

ity. Following the Shklovskii modet? we analyze the con-
ductivity and the Hall effect as a result of two distinct con-
ductancessc(T) andGpo(T) contributing to the electronic f(e) o[ NT(3G/0T) 1T rp k-
transport. G,(T) is the conductance through the IC and )
Gog(T) Corresponds to the hopping regime over isolatec!eNCe, if we extract the relevant part of the conductaee
granules, Gpod T) < exp(— T,/T). From our conductivity the_dlstrlbutlonf(sL) of constrlctlo_ns over the gctlvatlon en-
data, we deduce the temperature dependence of the two copgies can be inferred as _sh_own in Figstnall circles. _The_
ductances: th&; value is estimated around 12 K ag(T) noisy aspect of the curve IS m_her_ent toa second der|\(at|ve of
is inferred from the[G(T)— GpodT)] difference (Fig. 7. Experllmental dfata. _The dl_lcsjtlr}but!on is flr?ally approximated
The rather small'y value is in agreement with granular films y a log-norm functior(solid line in Fig. :
in the hopping regime close to the percolation. The tempera- 1n2 2
ture dependence d,-(T) (inset Fig. 7 reveals a drastic fley)=exi ~Ln(eL/20)/207],
crossover atT~60K, close toT,. At low temperatures, with eo=1.35meV andr=1. It means that the average con-
G c(T) is practically temperature independent and dominatestriction activation energy is equal (@, )=¢,exp(32/2)
the overall conductivity. Well above 60 KG,c(T) roughly =6 meV, i.e., 70 K, which is the transition temperature. On
follows the \T law in accordance with guantum corrections the same plot is shown the grains distributitfi/L®) over
to the metallic conductivity. Finally, the IC conductivity in their reciprocal volumeglarge circle$ which are propor-
first approximation can be represented @g=G, at T  tional to the activation energies . Excellent agreement be-
<T, andG,c= \/T at higher temperatures. tween those two distribution functions is evident. The energy
We interpret the occurrence of the two clearly defined(e )=6 meV corresponds to an average grain size
conductivity regimes by the predominant role of the QSE af{L %)) ~*® of 3 nm in accordance with the theoretical esti-
low temperature T<T,) leading to sizeable energy barriers mation. In addition, the inset of Fig. 8 shows the integral
in the smallest granules which contact clusters of bigger sizaistribution functionF (T) = [§"f(s,)de, , equivalent to the
For T>T;~A the barriers are smeared out by the temperafraction of switched on constrictions at a given temperature.
ture, the conductivity is metallic, while at low temperatures, The larger the fraction is, the more developed is the metal
electrons can tunnel through the barrier and the conductivitgluster and the more the Hall conductivity channel is
is temperature independent like the barrier transmittance. shunted®® As a consequence, the Hall voltage drops with
At a given temperature, the conductamd@) of the tun-  temperature and such a temperature dependence has simili-
nel constriction is defined by thermal activated tunneltude with the increase of the functié(T) (compare Figs. 3

Therefore, we can write

transitions* and 8. On the other hand, our noise data might also be
interpreted as a direct consequence of QSE in the smallest
g(T)ocexp(—L/INy) (wkT/ e )/sin(wkT/e|), granules.

Electrical low-frequency noise in an infinite cluster can be
where  Ay~h/(2mA)Y2  and & =A(MA,/L)~h?  modelled in term of slow charge carriers exchanges between
mL%(keL)Y2. The cited relation is valid & T/e, <1. the percolation path and isolated particles in the vicinity of
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UL (hm™®) fore randomly lowered or increased. So the barrier conduc-
0 011 023 034 045 056 tance is alternatively switched “on” and “off” according to
' ' ' ' ‘ the local random electrical field fluctuations. In the vicinity

o8 "mluull""""" : of the transition, a little amount of barriers is activgee

£ 06 II|||Ilu|..u""‘ distributions, Fig. 8 and, consequently, affected by the local
= potential fluctuations. Then, singular events are expected on
K the IC conductivity, giving rise to current redistribution and
ool _ non-Gaussian noise. We also have demonstrated that the
PR number of active barriers in the IC is temperature dependent
» and significantly increases below 60 (Kig. 8. Therefore,
decreasing the temperature reinforces the amount of effective
barriers modulated by the local electric field fluctuations.
That unambiguously implies a drastic increase of the number
of activated fluctuators with a wide energy distribution re-
lated to the iron grain size and energy barriers distribution
FIG. 8. Distribution functionf(e) of tunnel barriersassoci-  (Figs. 1 and 8 It consistently explains the temperature-
ated with constrictions of ICover their activation energigsmall induced change from RTN to a largef Ifoise we observe
circles and distribution functiorf (1/L3) of grains over their recip- pelow 60 K. Let us mention that transition from RTN td 1/
rocal volumes(large circles. Solid line is the fit of experimental  yagjstance fluctuations due to a temperature-induced increase
curve by the log-norm functiofi(s, ) = ex —In*(e, /eq)/20°] With ¢ yhe number of active fluctuators with a wide energy dis-
go=1.35meV,o=1. The inset plots the integral distribution func- i1, jion has been previously invoked in submicrometer sili-
tion F(.T). of tunnel parrlers showing the fraction of “switched on” con inversion Iayeré? The noise model we propose, based
constrictions at a given temperature. on random potential modulation of the barrier transmittance

) ) . ) due to local Coulomb charges strongly support the concept
the metallic network’ Both the carriers number fluctuations of QSE transition in the IC.

and the mobility fluctuations contribute to the electrical noise  Finally, we point out that an applied magnetic field on the
and a wide distribution of hopping energies or tunneling dis-granular Fe-Si@films in the very close upper limit of the
tances gives rise to fliresistance fluctuations. This mecha- percolation has little influence on the electronic transport
nism can be reasonably invoked to explain the slight temproperties we describe and the low temperature electronic

perature increase of the noise level above 130 K in thgransition. So, we rule out any magnetic contribution to the
metalliclike regime. However, aroun and below, the ran-  temperature-induced QSE transition.

dom telegraph noise and the drastic increase of theekis-
tance fluctuations necessarily imply physical changes in the
IC. Even if the power spectral density of the noise is normal- We examined the electronic transport properties of
ized by the charge carrier density deduced from the HalFg,_,.-SiO, in the very close upper percolation limit. The
measurements, the intrinsic noise level, i.e., the Hooge'semperature dependence of the conductivity, the high mag-
constant, increases by almost one order of magnitude as thtic field Hall measurements and the electrical noise behav-
sample is cooled through;. The enhancement of the fluc- ior strongly support a temperature-induced transition in the
tuations is not only resulting from a reduction of the effec-metallic percolating network. The transition undergoes a sig-
tive volume of conductivity. A noisier mechanism different nificant decrease of the effective volume involved in the con-
from the one encountered in the metallic regime of the IC isductivity. We argue that the electronic confinement in the
active at low temperature. The most relevant aspect of theritical bonds of the percolating channel are responsible for a
resistance fluctuations is the random telegraph noise in thguantization of the electronic levels. A direct consequence of
close vicinity of the temperature induced QSE transition,such quantum-size effects is the formation of energy barriers
which provides an insight into the noise sources. From thevhich, at sufficiently low temperature, induced a cutting up
temperature dependence of non-Gaussian noise, we foundo the percolation. It's worth to underline that our results
100 meV activation energy of the fluctuator responsible forprovide evidence that in the very close vicinity of the perco-
the RTN. This activation energy should be related by anyation network, the temperature effects may induce QSE
manner to the mechanism switching on or off of the energyransition (resulting in a crossover from tunneling to metal-
barrier of the conductivity cuts off. However, 100 meV, type conductioh in the same way as a metallic fraction
which is consistent with long relaxation times, is muchvariation near.
higher than the estimated 10-meV energy barrier. So it is

unlikely that 100 meV is the energy barrier responsible for
temperature-induced QSE transition. Nevertheless, the 100- We are grateful to Professor B. Shklovskii and Professor
meV activation energy for the fluctuator is favorably com-A. Lagar'kov for fruitful discussions and M. Sedova, who
pared to the Coulomb energy needed to charge isolated irgorovided us with samples. This work was supported by the
particles in the insulating matrix. Slow charge exchanges ofRussian Foundation for Basic Resea(Phoject Nos. 99-02-
nanoscale granules located close to the constrictions modd6955 and 00-02-17191and the PICS Russian-French
late the potential of the barrier transmittance which is thereFoundation(Project No. 98-02-22037
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