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We have performed a detailed characterization of both magnetic and transport properties of
Lag 7Y «Ca 3MnO3 (x=0, 0.05, 0.10, and 0.3®ompounds. These measurements provide clear evidence for
three temperature intervals in which the magnetic and transport properties are altered. The most notable is an
intermediate regime called the clustered st@ites T<T", of phase coexistence involving the presence of both
ferromagneticd FM) and antiferromagneti€AF) clusters and remnants of the high-temperature paramagnetic
(PM) phase. The results further indicate a strong connection between spin cluster formation and the colossal
magnetoresistivity effect. This magnetically clustered regime was observed to be altered by both magnetic field
and disorder. The metal-insulator transition temperalyreand the width of the peak gf(T) were found to
change linearly with increasing disord€Y conteny and application of magnetic field with negative and
positive derivatives, respectively. This indicates that disorder and application of magnetic(figldsould
cause the same effect but in an opposite way. We argue that correlated disorder effects influence both the shape
and the magnitude gf versusT curves, as predicted theoretically. We have also inferred, from the computed
excess of conductivityor resistivity decreage\p under decreasing and application of, that the electronic
conduction process in the clustered state is described by a hopping mechanism. This result suggests two
contributions to the electrical conductivity in the clustered stdiea semiconductinglike contribution arid)
hopping of carriers between FM metallic clusters.

DOI: 10.1103/PhysRevB.71.054404 PACS nun®er75.47.Lx, 75.47.Gk, 72.20.Ee

[. INTRODUCTION incomplete. Based on the transport data of these manganites,
several attempts have been made in order to gain further
The R,_,AMnO; perovskite manganiteévhere R is a  information about the nature of the electronic conduction at
rare-earth atom and\ is divalent metgl exhibit interesting  high temperatures. The strong distortion of the Mnigta-
physical properties because of the strong interplay betweehedron contributes to the idea that the carrier transport at
lattice, charge, and spin degrees of freedom bringing aboutigh temperatures is caused by the motion of the small-size
the colossal magnetoresistance effd@MR).3 Recent lattice polaron$. De Teresaet al® have shown, through
experimentdt® and theoretic8l” developments suggest a small-angle scattering experiments, the occurrence of FM
unified picture that confers a prominent role to the intrinsicclusters within a PM matrix which grow in size but decrease
inhomogeneities. These studies have indicated that the prop? number with the application of magnetic fields. Thus, the
erties of these materials are related to intrinsic inhomogeneé=MR effect was believed to be due to the confinement of the
ities due to disorder caused by the chemical-doping processharge carriers into finite FM clusters in the temperature in-
widely used to control the hole density and the average hoperval Tc<T<1.8T¢.° Indeed, studies have indicated the ex-
ping amplitude. Such an intrinsic disorder would induce spaistence of three regimes as a function of the temperatye:
tially separated phases with different electronic and magneti@ high-T regime, where the system is PM ap’) has semi-
properties appearing far above the ferromagng@iM) tran-  conductinglike behaviorf2) an intermediate regimé-<T
sition temperaturd@c.” Within this scenario, the large differ- <T with preformed clusters but with uncorrelated order pa-
ences observed in the ground state of manganites are relateameters giving a globally PM staté3) a FM regime, for
to the existence of two different mechanisms leading to théf <T¢, in which clusters from(2) coalesce and percolate
phase separation. The level of disorder is the key variable@pon cooling to form a FM phase with metallic behaviot!
defining the length scale of each phase and the metal- A better understanding of the mechanism governing both
insulator transition is treated in a percolative frameworkthe magnetization and electrical resistivity and their evolu-
where the conduction through metallic or insulating phasesion with doping should give better insight into the phase
alternatively dominates the transport properties below andeparation picture and be essential to the understanding of
above the metal-insulating transition temperaturg,, re- the microscopic origin of the CMR effect. Based on these
spectively. Magnetoresistive properties in these systems agrguments, we have studied a series of samples with compo-
also explained as the result of altering the initial equilibriumsition La, ;.Y ,Ca MnO; (0<x=<0.15 by using electrical
between phases, the applied magnetic field favoring and emesistivity, magnetization, and magnetoresistivity MR mea-
larging the FM and metallic domains at the expense of thesurements. The results obtained in this work clearly indicate
insulating ones. the presence of an intermediate regime in which magnetic
The understanding of both the electrical transport and thelusters[FM and antiferromagnetic AFdevelop and coexist
enhanced CMR effect in the paramagnetic state PM is stilwith PM regions. The results further reveal a strong connec-
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L FIG. 2. Temperature dependence of the coercive field obtained
FIG. 1. Temperature dependence of the dc magnetization takeﬁom M(H) measurements for the sample wits0.15. The inset

unge(; (1)55 kOe.TCt.: 2?0’ 23% ;L.GS,d andt:O K fqr:O, 00ﬂ5 (3.'10’ f shows an expanded view of hysteresis loops taken at 120 K. Lines
and 0.15, respectivelfic is defined as the maximum inflection o are guides to the eyes.

M vs T. Lines are drawn as guides to the eye.

netic moments. The occurrence of broad magnetic transitions

tion between spin cluster formation and dramatic magnetids believed to be associated with a large distributio gf

field effects. Particularly, the preformation of the clusters, A careful inspection of theM(T) data in the low-

defining the clustered state, and its observation via macrdemperature regime also indicates that increasing Y results in
scopic measurements, was found to play an important role i# gradual reduction of the saturation magnetization. This

the semiconductinglike regime of these materials. suggests either an incomplete ferromagnetic Mn moment
alignment or the existence of an extra magnetic phase with a

smaller saturation moment. On the other hand, it is plausible
Il. EXPERIMENTAL DETAILS that such a decrease may be related to the development of
: _ nonferromagnetic clusters which may be paramagnetic or
Polycrystalline samples of ka-YxCa,MnO; (x=0.0, even antiferromagneti€AF) in nature due to the disorder
0.05, 0.10, and 0.1)5were prepared through a sol-gel . ; -~
method'2 Powders prepared through this chemical routemtroduced by the partial substitution of La by Y. There are
. everal experimental observations indicating the presence of

have better chemical homogeneity and smaller particle Slzéistinct magnetic phases beldl in these compounds. We

than when using the standard solid-state reaction method. . .
ave observed a paramagnetic component down to 20 K in

The powders were heat treated at 1000 °C and 1100 °C in WIe o substituted L@ o 1Cay MnO;  through Mossbauer

for 30 h, subsequently pressed into pellets, and subjected to a . L ;
final heat treatﬂwent gtp1200 °Cin Zir for 30 h. Thga crystaISpeCtrOSCOp% In addition to these findings, and important

structure was refined by the Rietveld method usingrilie ];2; fzg':iqfrm?;csr?tzl?r?,s:mthlisdv?/ﬂog r;f_:_l}fgsesplgreac;able
prof program®2 All the patterns were found to be similar in- 9 P !

dicating single-phase materials space grdmmal® The inferred from the data shown in Fig. 1. This temperatiire

oxygen contents of the samples were found to be constaiy cI_ose toT¢c~260 K of the L@_7Cao_3MnO3 sample,_sug-
through the series, in agreement with previous reddilts. gesting the development of ferromagnetism, even with short-

MagnetizationM(T, H) measurements were performed in arange order, at high temperatures in these specimens. Infor-

) . : . mation on the development of short-range FM order can be
commercial superconducting quantum mterference .d?\{'cgbtained through the Curie-Weiss law when it deviates from
SQUID magnetometer. Four-probe electrical resistivity

(T.H) measurements in applied magnetic fields up to 5 1Ihe expected linear behavior. Howevgr! as a function of
P PP 9 P temperature was found to be nonlinear over the entire studied

were performed with a Linear Research LF-400 ac resistancg,, temperature rangérom T to 380 K). Indeed, devia-

bridge operating at 16 Hz. tions from the Curie-Weiss behavior occur at temperatures
much higher than measured hei@00 K for the pristine
lll. RESULTS AND DISCUSSION sample, for examp)e’

In order to further investigate the development of short-
range FM order, we have performed hysteresis loops in the

It is known that in mixed-phase manganites, metallic por-sample withx=0.15 under small magnetic field&500 O¢
tions of the samples originate from the FM arrangement oin the so-called paramagnetic regime. At 300 K, the curves
spins that improves the electron conduction. Therefore, it igxhibit features of a PM state as inferred from the linktar
expected that the fraction of FM-metallic clusters increasesersusH dependence and the coincidence betwdeversus
asT decreases. The temperature dependence of the dc méag-curves taken upon increasing and decreasinglowever,
netization on a logarithmic scale for these samples is disbelow 250 K the curves display a small remnant magnetiza-
played in Fig. 1. The FM transition broadens with increasingtion and an intrinsic coercivity. Figure 2 shows the tempera-
Y content andT is shifted to lowefT suggesting a weaken- ture dependence of the coercive figlig and the inset dis-
ing of the double exchange interaction between the Mn magplays an expanded view of the hysteresis loops taken at 120

A. Magnetic properties
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1wk ' ' T s F o Cooing ] than Ty, ~ 110 K, suggesting that the coupling strength be-
* w0 tween electrical and magnetic properties has been changed.
0k W em s 3 Increasing Y content results in large magnitudesp6T)
N % " m close toT,, notably for thex=0.15 sample in whiclp(T) is
10't 5 A Tompenure ® 3 close to four orders of magnitude higher when compared
with p(T=350 K). In the low-temperature regime<50 K,

the magnitude op(T) increases with increasing We sug-
gest that this result is closely related to the observed decrease
; ; . . . . in the saturation magnetization with increasing Y discussed
0 50 100 150 200 250 300 350 above and shown in Flg 1.

Temperature (K) The p(T) data, taken under both increasing and decreasing

FIG. 3. Temperature dependence of the electrical resistivity fortempera‘tures for the sample wik0.15 and displayed in

Lag +..Y ,Cép MNOs. Ty =265, 240, 175, and 110 K for=0, 0.05, the inset of Fig. 3 exhibit large thermal _hysteresis, a feature
0.10, and 0.15, respectively. All curves were taken during increash"f1rd|y detected in the(T) curvg pelonglng to .the sample
ing temperature. The inset showsvs T for x=0.15 taken during With X=0. The thermal hysteresis is a general signature of the
increasing and decreasifig first-order phase transition. The existence of a magnetic first-
order transition usually gives an indication of the coupling of

K_ In the multilavers of spin valve and permalloy materisis the spin system with the inhomogeneous electron-density
. Y P P y ' _distribution® It suggests that the electronic structure of this

wherein the FM layers are coupled to AF layers, the hyster- . . L ; .
esis loops reflect the extent of the exchange coupling b sample is determined by the combination of the regions with

tween the FM and AF layers. The coercivity of the FM Iaye:al bo C?rlllg Pelgnhaeigiihaé?;rdg?jgylggz le;/rltsi);?hce?rtrhe;?]tlsoirrf ?ng
increases due to the coupling with an adjacent AF layer, y 9 9 X part, Py Dy

Since the phase-separated compositions of the manganittehse average charge density. It is probable that charge arrange-

contain both FM and AF regions, they would be expected tqments in the charge-inhomogeneous state are expected to
show similar behaviol? Indeed, results obtained by Garcia- luctuate in shape, especially at high temperatures where the

Hernandezet al20 in La,j:CaysMnOs evidence FM and AF clustering is'dynamic. Moreet 'al.6 haye considered diﬁer-
domains within a paramagnetic matrix correlated to the an-e.nt geometries for the FM region which can be classified as
isotropic lattice distortions above the FM transition. More- e'trllr?r:dtgﬁﬁ)snOtrocllrjlzt:ersadnr;ﬁleés'one can observe that the
over, it was proposed that the reported lattice distortions idth of the MI transition ATg ' becomes narrower with
were attached to the presence of AF correlations, a result of . = M . o

a weakened double-exchange interaction operating along tHr%creasmgx, and consequently the electrical re§|3t|V|ty drop
locally distorted Mn-O-Mn paths. We suggest that these wat Twr 1S sharper fox=0.15 than fox=0 (see Fig. 4 Re-

i 6
ordered components FM and AF are the precursors of thos%ardIng the sha'lpe of the(T) curves, Moreoet _al. haye

clearly observed in the low-temperature regi@ The proposed that disorder plays an important role in aItermg the
width of hysteresis loops shown in Fig. 2 increases Withcharacter of the FM clusters and their dependence with tem-

decreasing temperature reflecting the effect of phase sepafaerature. To infe_r about efiects caused b.V. disorder, we have
tion. The gmallpdifferences in thg coercive fiel(li)fl;c+ and P compared the width of both the Ml transitianil, and the

Hc) may be due to the pinning of a small fraction of AF _FM transitionAT¢. As depicted in Fig. 1, the FM transition

interfacial spins to the FM domains. These results providés.,;‘.Q’hh".’lrpe"rfo.r the §rer11r_nplebW|ﬁF(?['and broad?ns S|gn|f|cantly f
macroscopic experimental evidence of the phase separati lnc(;eaSIrégxt. i 'f 0 Sfrt\;]a lanMsugge? N aS ltncreasiﬂo
above the FM transition, and are in agreement with neutror. € random distribution ot the coupling between Min

powder diffraction experiment.Furthermore, they indicate |o;]1§.hI-!O\;\;]everATM[tdec;re:?]s?s with |nchrﬁ§as1|_|7r(]gsee F'%' g
the existence of an intermediate regime theoretically pre\—N Ich 1S the opposite of what occurs 1Arc. Thus, we have

dicted by Burgyet al Another indication of the existence determined the width of the MI transition as a function of

of correlated FM regions is the large temperature-dependeH—ﬂW" ATy has been defined as being the full width at half

magnetoresistivity effect that is observed in thesgion dis- maximum of the MI tran5|t|on.be!ong|ng o the(T) curve
cussed here as shown below taken in zero applied magnetic fi?l From the results of

Fig. 5, one can observe thatT,, decreases linearly with
decreasind,, or more appropriately, with increasing disor-
der.

We now focus our attention on the temperature depen- Because of the relative variation of phases and the perco-
dence of the electrical resistivip(T) of this series, as shown lative character of the MI transition in manganit@s,, is
in Fig. 3. All the p(T) curves have similar behavior and ex- expected to increase with increasing applied magnetic field, a
hibit a typical MI transition at different temperatures, in feature clearly observed in our magnetoresistivity data. The
agreement with previous resufsThe shape and width of inset of Fig. 5 shows thaT,, as a function ofT,,, which
the MI transition,AT,,, are systematically altered with in- was now varied by the application &f for the sample with
creasing Y content. As is clearly showhy, coincides well x=0.15. These results indicate that the shapiglth) of the
with T¢ in samples with low Y content. On the other hand, resistive MI transition changes linearly with increasing dis-
for the sample withk=0.15,T-~ 90 K is significantly lower order andH and with both negative and positive derivatives,

p (Q cm)
%DDD

B. Electrical resistivity and magnetoresistivity
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FIG. 5. ATy, vs Ty, of each sampléincreasing disorder The

p inset showsA Ty, for the sample wittk=0.15 as a function ot

600 I nI* ~/26° K] which was now varied by increasirtg.
wr 0 .‘\”"';"M- . . . . .
200 [ M emperatura (K) ] terplay between lattice distortion/vibration and transport
ofp——/——— properties. In addition, since the conduction band is rela-
0 50 100 150 200 250 300 350 tively narrow, with a bandwidth of about 0.1 eV, the local-

ization phenomenon in manganites is important. On the other

hand, optical measurements have indicated the opening of a
FIG. 4. Temperature dependence of the electrical resistivity unf€@l gap in the paramagnetic range of parent compot/ists,

der applied magnetic fields for=0 (@), 0.10(b), and 0.15(c). The ~ the VRH mechanism cannot be applied. Therefore, the po-

inset shows the MREp(T,H=0)-p(T,H=3 T)]/p(T,H=0) vs T  laron model has been applied for the whole insulating regime

for the sample withk=0.15. of each sample. The electrical resistivity as a result of hop-

ping of adiabatic small polarons is given by

Temperature (K)

respectively. Namely, whereasT,, and T, are decreased
by increasing disorder, the magnetic field increases the mag- Wp
nitude of both. These observed results suggest that effects @-)
arising from both disorder and application bf in these

samples are essentially the same, but they behave in an oghere W, is the activation energy ankk is Boltzmann’s
posite manner. Thus, we infer that changes in both magnieonstant. We have found that this model fits ti€) data of
tude and shape gf(T) curves close td ), reflect a compli- the sample withx=0 very well, as shown in the inset of Fig.
cated combination of size, shape, and resistivity changing d. On the other hand, samples witk0.10 and 0.15 were
FM regions along with disorder effects as a result of Y sub-found to exhibit two different regimes in the(T) curves
stitution. In fact, both the shape and the magnitude of theboveT,,. For example, from Fig. 6 one observes that the
peak atTy, in p versusT curves have been related to the p(T) curve of the sample witk=0.15 deviates from linearity
disorder strength in these mangan#ésn addition, thep  of the model atT"~260 K. Such a deviation indicates a
versusT curves shown in Figs.(d4) and 4c) are certainly  crossover from activated carriers to another transport mecha-
well reproduced by Monte Carlo simulations when correla-nism. This constitutes clear evidence of changes in the trans-
tions in the quenched disorder are taken into accétithas  port mechanism occurring near the temperature where the
been suggested that the disorder can be propagated due to its
cooperative nature through Mg@ctahedra. Also, elastic in-
teractions may be responsible for the appearance of super-
structures in temperatures aboVg, as stripes, in the clus-
tered state of these manganité&rom our results, it seems
that the disorder strength, altered here by the partial substi-
tution of La by Y, may vary the correlation of the quenched

p(T) = AT exp( (1)

[ x=0.15 B,

1000/T (K™
285 300 315 330 345 3.6

disordered state.
We have also observed that th€el) data forT> T, dis-

play a thermally activated form for all samples. Such behav-
ior has been tentatively described by using three different

In(p/T) (Q cn/K)

In(p/T) (@ cnvK) =

PN

s o
Z

2l x=0

5

models: the simple Arrhenius lai#,the VRH modeP® and 1000/T (12-1) TR
the polaron modél As an approach to determine the mecha-
nism responsible for the transport properties of these manga- FIG. 6. Polaron model fitting for the sample wit+0.15. The
nites, we have excluded the Arrhenius activated model of ouihset indicates that the polaron model fits very well the electrical
analysis. This was done because it may be considered a vergsistivity data of the sample witk=0. The lines are guides to the

crude approximation in these materials due to the strong ineye.
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pristine samplgx=0) undergoes the MI transition. Another W
important result that corroborates the results described above Tntermediate-T
is extracted from the MR measurements shown in the inset FL 1 Range

of Fig. 4(c). This figure displays the MR data, defined as
MR=[p(T,H=0)-p(T,H=3T)]/p(T,H=0), for the sample
with x=0.15 in the insulating regime, or more appropriately
above Ty,. The results show thap(T) is magnetic-field- .
independent in the temperature interval ranging from 350 K WE e H=15T
down to~260 K, as indicated by small changes in the mag- SV
nitude of MR. On the other hand, the MR effect is clearly 60 150 200 350 300 350
observed below-260 K. The relevant point here is that the Temperature (K)

MR effect is H-dependent belowl” ~260 K for samples ) ) ) )
with x=0.10 and 0.15. Moreover, it seems that both the F!G- 7. p vs T for the sample witx=0.15 in the insulating

change in the slope gf(T) curves shown in Fig. 6 and the regime at several applied magnetic fields. Thg(T) curve corre-
5fonds to the extrapolated IoWveontribution of the polaron model

High-TRange |

o— % Extrapolated

p (Qcm)

T*=260K

appea_rance of the MR effect are related to the occurr_epce (ﬁted from 350 K down to 260 K. The excess of conductivity
metallic clusters. The occurrence of these clusters, originate Lined ashp(T,H)=pag(T) - p(T, H), is also indicated.

from short-range FM order, is in excellent agreement with
M(T,H) data shown above. These results indicate that the N -
transport mechanisms at high temperatures in samples wiffdt@ shown in Fig. 4. The(T) data are magnetic-field-
high Y content can be separated at least into two temperatuf8deépendent in the high-temperature range T'. On the
ranges:(1) from ~350 K down toT" ~260 K, T>T"; and cher handp(T) starts to. chgnge appre(*:lably from_ the zero-
(2) from T* down to Ty, Ty <T<T . Hereafter, we con- f|elq p(T) curve by gpphcatlon oH at T, from which we
centrate on the transport data of the sample witt0.15, define the intermediate temperature range, as shown in Fig.

where these effects are more pronounced, as discussed be- This result indicates a strong connection between spin
low. cluster formation and dramatic magnetic field effects. In

_ o X other words, the development and presence of spin clusters
1. Electrical resistivity for T>T strongly amplify the effect of magnetic field on the electronic

The presence of small polarons implies the existence oproperties of these systems. Indeed, this clustered state is
local lattice distortions that localize charge carriers. In ourargued to exhibit the colossal MR effect. Moreover, it was
samples, the partial substitution of La with Y certainly causesuggested that the combination of phase competition and the
local lattice distortions due to the large difference of ioniceffect of correlations in quenched disorder creates the CMR
radii. Moreover, not only the Y substitution effect but also effect in manganite$!
the Jahn-Teller distortion about the fnion is expected The MR results along with the deviation from the linear-
from its d* configuration in an octahedral environment. Con-ity in the polaron model at", and the formation of magneti-
sidering only theT range fromT" to 350 K, the polaron cally ordered clusters &t, strongly suggest that a change in
model resulted in the best fit of théT) data. It is important the transport process takes place at temperatures b'E”lOV}/
to point out that, in this temperature range, @) curves 260 K. Thep(T) in this insulating region increases drasti-
are essentially magnetic-field-independgsee Fig. 4c)]. cally (see Fig. 7and there is no obvious easy phannel for the

The W, values obtained from the fitting were 140, 145, flow of charge between clusters. The reduction of the elec-
170, and 190 meV for samples witt=0, 0.05, 0.10, and trical resistivity under applied magnetic field may reflect a
0.15, respectively, and are in good agreement with previougaPid enhancement in the effective field experienced by lo-
reported value® The prefactorA in Eq. (1) is expressed as calized charges when the magnetic clusters become mutually
A:kB/npezwopaf,, wheree denotes the electronic chargs, aligned by a magnetic field. In any event, the transport prop-
is the hopping distance of the polaron, is the polaron erties in such a clustered region are certainly complex. How-
concentration, andy,, is the optical phonon frequency. If €Ver, in order to gain further insight into the transport prop-
one assumes,,~10* .8 and the polaron concentration erties of thgsg manganites, we have studied both qualitatively
to be equal to the concentration of carrierg=1.2 and quantitatively the behavior of the(T,H) curves be-

X 102 m~3, then the polaron hopping distance can be estitweenTy, andT". Therefore, we analyzed the behavior of
mated from the fitting parametea=7x107 Qcm/K at the conductivity exces®r the electrical resistivity decregse
room temperature to ba,~ 6.5 A. This estimated value is (Ap) in the clustered state. First, we mention that two well
comparable to the lattice parameters of these manganites aggtablished features of these manganites are relevant: the vol-
supports the conduction mechanism via polaron. Indeed/me fraction of the FM metallic clusters or cluster size can
x-ray and neutron-scattering measurements directly demorpe altered by either decreasing temperature or by applying
strate the existence of polarons in the PM regime ofmagnetic fields. Within this context, we defidgp as the

Lag 7Cay MnO5.2° difference between the extrapolated values of the electrical
_ o resistivity expected from the polaron behavior at low tem-
2. Electrical resistivity betweenfi and T peraturese,((T) and the measureg(T,H) curves(see Figs.

The discussion involving thg(T) behavior betweefy, 6 and 7. Following the definitionAp(T,H=0) is due to the
and T" requires consideration about the magnetoresistivitformation and increasing volume fraction of FM metallic
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20K _ . . — Based on the above discussion, we argue that changes in
8t vivv . the behavior ofp(T) at T'~260 K are due to the develop-
sk x=0.15 °°o°°°°o ] ment of FM metallic clusters within an insulating matrix. At

this temperature, there is a smooth decrease in the electrical
1 resistivity as a fraction of the material becomes metallic.
This result is in qualitative agreement with neutron-
scattering measuremeftsvhich suggest thal™ represents a

Ln(Ap) (Q cm)

0 v :j‘I’ST ] phase transition from a polaronic liquid to a polaronic glass
2 o H=30T | and atT. the polaronic glass dissolves forming a long-range
4 H=50T FM ordering and this behavior should track the electrical

0.0;66 0.072 0.078 0.!;84 0.1;90 0.096
1mKy"”

resistivity. Theoretical studié%3¢ have also revealed a tem-
peratureT” much higher thaic where uncorrelated clusters
are formed and they claim that it is an expected feature in
FIG. 8. Temperature dependence of theplotted by I{Ap) vs intermediate and low bandwidth manganites. Therefore, as
T2 in the intermediate range of temperature Fbr0, 1.5, 3.0, the volume fraction of the metallic phase increases with both
and 5.0 T. decreasingl and increasindd, these clusters begin to inter-
act with one another via hopping of carriers. At sufficiently

. low temperatures, the volume fraction of the metallic phase
clusters when the temperature is lowered, termed thermor%fttains the percolation threshold, and the sample undergoes
sistivity. On the other hand\p(T=constH) is related to the P ’ P 9

increasing volume fraction of FM metallic clusters induced? metal-insulator transition aly,. Such a picture is also

by application of magnetic fields, termed magnetoresistivityl" @dreement with - theoretical predictions in which

It is worth mentioning that when the temperature is variegintermediatet clusters have much better electrical conduc-
and H is maintained constantyp(T,H) includes these two tance than the insulating matrig.
contributions.
Considering the behavior afp(T,H) as a function ofT,
we have found that it is essentially zero in the temperature IV. CONCLUSION
range above~260 K and increases appreciably with de-
fr:gzzs'n%tlgoa’;’)?amghg .rgr;?gk;hb?et(?gnsﬁ;a:‘glrﬁ) vi\sloalutt;]%r: of  The effects of disorder through the substitution of La by Y
p. . ; ", in polycrystalline samples of la_.Y,CaMnO; (x=0,
mally activated behavior. Further evidence of such a mech 3.05, 0.10, and 0.95have been studied. The change in the

nism comes from the fact thatp is finite and appears simul- ) . I
taneously with the occurrence of magnetic clusters. To bettgfonduction process, magnetic susceptibility, and the develop-

clarify this point, we have attempted the following plots for ment of magnetoresistivity were found to be related to the
the temperature dependence/y: In(Ap) versusT-* with ~ formation and interaction between FM metallic clusters. The
a=1,1/4, and 1/2which represent the semiconductor con-results clearly indicate an intermediate state<T<T,
ductance in crystalline semiconductors, the variable rangtermed a clustered state, that is more pronounced in samples
hopping conductance in_amo_rphou; semiconductors, and tumith a higher content of Y, indicating that disorder plays an
neling conoductance in insulating granular systemsimportant role in the general physical properties of mangan-
respectively’® From the results shown in Fig. 8, which dis- tes. In this state, clusters with different magnetic properties
plays the liiAp) versusT " data, a linear trend is observed. e\ and AP coexist within a PM insulating matrix ampli-
The fitting procedure witlw=1/2 wasfirst derived by Sheng fying strongly the effect of magnetic field on the transport

31 i i - . . . .
et al>* when a tunneling process for the electrical Conduca?ropertles. It can occur by generating huge effective fields
tance in insulating granular systems is considered. In th

case, the main point related to this mechanism is that tha®en by the_ Carrier_s and through I(_)cal coalesgence qf _the
conduction electrons can flow by tunneling between metallic?IUSterS* which mamfest_themselves in th_e electrical res_l_st|v-
granules. The morphology of either single crystals or pon-'ty of the system. The width of the metal-insulator transition
crystalline manganite samples is actually granular. It can béhanges linearly with increasing disorder and magnetic field
considered as comprised of FM metallic clusters embeddedith negative and positive derivatives, respectively. This in-
in an AF/PM(insulating matrix, as experimentally observed dicates that disorder artd have the opposite influence @n
through Lorentz electron microscopyBy taking into con-  Furthermore, we have observed that the conductivity excess
sideration the granular nature of manganites, a tunneling pradp, in the rangeT,, =T=<2.3 Ty, under decreasing and
cess between FM metallic regions is expected to occur aapplication of magnetic fieldBl, is described by a hopping
temperatures below.%233 Based on the results described mechanism in the clustered state. This result suggests that
above, we suggest that a similar mechanism occurs in thiere are two contributions to the electrical resistivity)
clustered state. The tunneling process is also magnetic-fiel®ne associated with semiconducting properties, @ne
dependent due to high spin polarization of these half-metallicelated to hopping of carriers between metallic clusters.
materials. Thus, with increasing applied magnetic field, theMoreover, we have shown that the occurrence of these fea-
magnitude of the tunneling process is enhanced due to itsires can be inferred from an accurate analysis of macro-
spin dependence natutt. scopic data such as magnetization and magnetoresistivity.
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