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Linear and nonlinear electronic transport in weakly insulating double layered manganites
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Polycrystalline La,Sr; gMn,_,Cr,0; (0<y=<0.25) is a weakly insulating ferromagnet with Iolwther-
mopower of metalliclike values. This combination of properties indicates electronic transport through perco-
lating paths embedded in an insulating medium. The temperature dependence of the resistivifly atdbthe
nonlinear conductivity obtained from pulséd/ measurements over a wide range of currents are consistent
with inelastic tunneling through intergrain or intragrain weak links that disrupt the percolating paths. Ther-
mopower and resistivity measurements on two weakly insulating single crystals gi.gvin, g-Crg 1:0;_5
and thel-V measurements on the more resistive crystal exhibit features very similar to those found in the
polycrystals. In single crystals the nonlinearity of conductivity is pronounced under much lower electric fields
than in polycrystals.
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. INTRODUCTION resistivity and thermopower of aSr Mn;_,Fe0; (y
=0.16-0.18) exhibit the features of mixed-phase state and
The metal-insulator mixed-phase character of the mangasf percolating electronic transport discussed above. Puised
nites and the percolative electronic transport associated witi measurements carried out on this system in the Tow-
it, are supported by experimehtand models and lead to a regime showed that the current densif) increases faster
rather simple and intuitive explanation of their remarkablethan linearly with electric field; the excess current density
magnetotransport propertiésThe temperature dependence AJ=J— o€ (where o is the Ohmic conductivity obeys a
of the resistivity[p(T)] of an optimally doped manganite power-law dependence dh At 20 K AJx£23%1 was ob-
exhibits a crossover from a negative temperature coefficiertained for all samples. Foy=0.18 we obtainegh<T P (p
above the Curie temperaturg& ), to a positive temperature ~4/3). This behavior is consistent with the theory of
coefficient belowT.. Departure from optimal doping or Glazman and Matveé{GM) for tunneling across thin amor-
various partial substitutions for Mn byd3ions affect mostly  phous films; for inelastic tunneling via two localized states it
the resistivity in the lowF regime. Away from optimal dop- predicts that\| <\V"® and that the excess conductancg*>.
ing the maximum ofp(T) observed close td. degenerates The GM model was shown to fit remarkably well the results
gradually into a bend at the crossover from a high to a lowof transport measurements carried out individual grain
negative temperature coefficient. The most remarkable fedoundariesin a manganité. Surprisingly, our results for
ture of the lowT regime is the combination of high resistiv- polycrystalline Lg-SrsMn;_,Fg0O; indicated that this
ity, weakly dependent on temperature, with small, metallic-model may be extended also to a network of weak links. We
like values of the absolute thermopowe8)( Since the tentatively identified the weak links with grain boundaries.
thermopower is a very sensitive probe of the conducting The polycrystals  and single crystals  of
component of the mixed-phase material, and is little affected.a,_,,Sr, , ,,Mn,_,Cr,O;, investigated in the work re-
by geometry and grain boundariéghis behavior indicates ported here belong to naturally layered manganites,
that electronic transport is carried through a percolating netR,A),,, 1Mn,,O3,.1 (R rare earth;A alkaline earth ions
work of high conductivity channels embedded in an insulatwhich are presently intensively studied due to their two-
ing medium. However, unlike the thermopower, the resistiv-dimensional nature. Since the publication of Ref. 9, interest
ity is dominated by weak links distributed along the has been focused on double-layered manganites?) and,
conducting paths. in particular, on La,Sr gMn,0,.1° Below T, the ratio of
This “weakly insulating” regime is interesting, since its the resistivities measured perpendicular to the planes and in
main features have been observed in the past in a number tfe planes of a single crystal is about 100. Thus, polycrystal-
systems, some of them unrelated to the mangahifise  line material of this type is expected to be weakly insulating
advantage of studying this regime in manganites is the aburiue to the large resistivity anisotropy; with the conductivity
dance of relevant information. Recently we studied polycrystensor’s axes of the crystallites pointing in random directions
talline La /SrpMn; _,Fg,05 (y=0.16-0.18)° its parent in space, even the optimally doped material appears as if it
material Lg /S MnO; is a pseudocubic, optimally doped were phase separated. And indeed, in the FM state, the resis-
manganité. The temperature dependence of magnetizationtivity of polycrystaline La ,Sr gMn,O; is high®! partial
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substitution of Mn by Cr induces in the FM state a mono-platelets with four-probes attached to them. Special care was
tonic increase ofp as a function ofy.! Therefore, the taken of the quality of the current contacts and the voltage
La, ;51 gMn; _,Cr,O; system seemed to us very suitable for probes in order to prevent Joule heating at the current con-
the study of percolative, linear, and nonlinear electronictacts and to eliminate electric-field inhomogeneity at both
transport in a phase-separated medium. One of the main oypes of contacts. At low currents dc measurements were
jectives of this work was to compare the transport propertiegarried out using an XYY recorder. At high currents, the
and nonlinear conductivity of the polycrystals with thdse  measurements were carried out using single current pulses of
thea-b plang of weakly insulating single crystals of similar gyrations in the millisecond range, from a Keithley 237 high
composition. _ voltage source. The time dependence of the voltage drops
We carried out a systematic study of the temperature desanyeen ground and each of the voltage probes, were re-

pendence of the magnetization, resistivity, and thermopoweg, jeq ysing simultaneously the two channels of a Tektronix

of polycrystaliine La;SngMn;_,CrO; (0<y=<0.25). 55515 digital storage oscilloscope. The current was checked
These measurements showed that while magnetization dahring a second pulse by the voltage drop across a small

creases and resistivity increas@y orders of magnitude resistance in series with the sample. Beyond the finite rise

W'th .Cr doping, the lowt thermopower remains aimost time (in the microsecond rangethe measured voltages
'de”t'c?" for f”‘” samples. T showed no time dependence during the current pulses. The
We investigated the therm(_)powe_r and t_he resistivity in the1ower current range of the pulsed measurements overlapped
ab plane of two weakly msulat!ng single crystalg .Of the dc measurements. The differences between the dc and the
L8y 4Sty My g:Clo 1807 5. They exhibit features Very Simi- hlsed measurements become significant already for current
lar to those of the polycrystals; although the |Gwresistiv-  jongities as low as a few A/émnegative differential resis-
ities of th_e two crystals differ by up to two orders oflmag.ni- tance was obtained from dc rﬁeasurements with currents in
tud_e,.th(_aw thermopowers are very low _and aImo;t |d¢nt|calthe range where, in pulsed measurements, the nonlinearity of
This indicates that electronic transport is percolative in bothy, o |_v/ traces was barely observed. In percolative current
the polycrystals and in single crystals. _For all the investi-ﬂOW the local current density is much higher than theer-
gated samplegpolycrystals as well as single crystaishe ;0 o rent density; accordingly, the local temperature may

experimental results indicate that electronic transport at |°Wbe far above the average temperature of the sample. The only

T is governed by similar mechanisms. The detailed analysigy|iapie test for the absence of Joule heating is the time in-

of the results is consistent with transport dominated by tuny. andence of the voltage drob during the current pdfses
neling through weak link6WL), which may be of intergrain P g P ¢ P ’

and/or intragrain origin.

The sample preparation and experimental techniques em-
ployed in this work are presented in Sec. Il. Our efforts to
eliminate spurious Joule heating effects in thé character- A. Polycrystalline samples of La ,Sr; gMn,_,Cr,O;
istics are emphasized. The results are discussed in detail in (y=0, 0.1, 0.15, 0.2, and 0.25
Sec. Il A for polycrystals and in Sec. IlI B for the single
crystals. The experimental results and the conclusions drawn
from their analysis are summarized in Sec. IV.

IIl. EXPERIMENTAL RESULTS AND DISCUSSIONS

1. Temperature dependence of magnetization, resistivity,
and thermopower

The magnetization M, measured at 0.05 T, the Ohmic re-
sistivities p, and the absolute thermopow&rof samples of
compounds prepared in this work are plotted as functions of

High quality ceramic samples of LaSr; gMn,_,Cr,O;  temperature in Figs. (&—-1(c), respectively. The points
(y=0, 0.1, 0.15, 0.2, and 0.25vere prepared essentially marked by bold squares in Fig(dl represent . [defined as
according to the original protocdt;the grinding-annealing T(#*M/dT?=0)]. In agreement with Ref. 1T, is the low-
cycles were repeated until the x-ray powder-diffraction specest fory=0; for 0.1<y=<0.25 it is practically independent of
tra showed no traces of impurities or foreign phases. Th€r content. For 12&6T<200 K M (y=0) is almost con-
lattice parameters fit well earlier repolfsSingle crystal —stant; deviation from the Curie-Weiss law abdNehas been
(SO platelets were separated from a boule grown from abserved in the past and was attributed to the presence of
Lay ,SH gMn; 7:Crg <05 rod by the floating zone method, as short-range ferromagnetistr® Apparently, Cr doping sup-
described in Ref. 12. The platelets selected for measuremenpsesses this short-range order but has little effect on the onset
(SC1 and SCpbelong to the same region of the rod. Energyof long-range order. With increasingthe maximal magne-
dispersive spectroscopy spectra obtained from severdization M., at 0.05 T decreases at a moderate r(@be
spots of each of the platelets confirmed their chemicatrapolation shows thail ,,,—0 for y=1). In polycrystal-
homogeneity and determined their composition adine Cr-free La ,Sr gMn,0;, the magnetization measured at
La; 4Sh gMn; g:Crg 107 _ 5, slightly different from that of 5 K and 6 T[see inset in Fig. ()] is about 1/2 of the
the starting material. Magnetization, resistivity, ther- saturation magnetization measured in the optimal orientation
mopower, and pulsetlV measurements were carried out asof a single crystal ¥l c).* In view of the strong anisotropy
described in Ref. 5. of the crystallites this well represenk$ averaged over all

For p(T) and I-V measurements we used bar-shapediirections. Fory=0.25 the saturation magnetization is fur-
polycrystalline samples and rectangular single crystallingher reduced by about 40%.

IIl. EXPERIMENT
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FIG. 1. Temperature dependence of magnetizat@nresistiv- o® —o— a2 V]
ity (b), and absolute thermopowés) of polycrystalline samples of 0 o1 0.15 02 0.25

Lay ,Sn gMn,_,Cr, O, for various values of. TheT.’s are marked y

by bold squares ifia). The inset shows magnetization vs magnetic G 2 T q q ¢ resistivity of Dol
field fory=0, 0.1, and 0.25 at 5 K. The solid and dot-dashed lines _FI - 2. (2) Temperature dependence of resistivity of polycrys-
talline samples of LgSr gMn,_,Cr,O;, on a log-log scale. The

:2 (b) represgnt fits at high temperatures to a power law or to Mott Sdashed lines at low temperatures repregert -2 As in Fig. 1(b),
w, respectively. . . ) .
the solid and dot-dashed lines represent fits at high temperatures to
a power law or to Mott’s law, respectivelgh) Equivalent circuit of

In Fig. 1(b), p(T) plotted on log-linear scale exhibits dis- two weak links in serie$WL1 and WL2 and parameterEq. (2)]
tinct high- and low-temperature regimes, each with a differ-of the fitted curves in Fig. (2), as a function of composition; ET
ent temperature dependence. In the narrow range of temperstands for elastic tunneling and IET for inelastic tunneling. The
tures between 150 K and room temperature, both a powefines in(b) are guides to the eye.
law dependencep(T)=T P and Mott’s law for variable
range hoppinty (VRH), pxexp(T,/T) fit the experimental La, ,Sr; gMn,0O; (see Fig. 4 in Ref. 16 except for the maxi-
data almost as wellsee solid and dot-dashed lines at themum (S,,,,) around 200 K, which is slightly higher foy
right of Fig. 1(b) and Fig. Za)]; a difference is distinguish- =0.25. The cusp o8(T) that marksT . (see Ref. 1pappears
able only between extrapolations of fitted lifég-he cross- on our S(T) plot for y=0, but is smeared out for other
over from the hight to the lowT regime is more pro- compositions. At lower temperatureXT) for all samples
nounced in the log-log plot op(T) shown in Fig. 2 that ranges betweer-1 and +2 wV/K, while the resistivities
focuses on the low- regime and will be discussed in detail increase by about four orders of magnitude witincreasing
below. from 0 to 0.25. The lowS (comparable with that of metal-

S(T) for the various compositions is plotted in FigiclL liclike single crystal of similar compositidf) indicates that
Above T the S(T) data fory=0.1 are almost identical with at low temperatures the Cr substitution has little effect on the
Sap (S measured in theab plang of a single crystal of electronic structure of the conducting component of the ma-
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terial; it seems that its main effect is on the microstructure ofC; andA, for y=0.25. The fitting parameters are plotted in
the material. Fig. 2b) as functions ofy. A; drops rapidly with increasing
We focus now on the resistivity in the low-temperaturey and apparently a metal-insulator transitjan(T=0)—0]
regime. With increasiny the log-log plots ofp(T) in Fig.  occurs at 0.2y.<0.25. The characteristic temperature of
2(a) become steeper. At the lowest temperatures the negatiwg/L 1 for the crossover from the predominantly resonant tun-
slope is slightly less than 4/3 for=0.2, and slightly more neling to the regime of inelastic tunneling via pairs of states
for y=0.25, (see dashed lines near the correspondingrz(l):(Al/Bl)3/4, decreases witly from ~12 K for y
curves. As shown below, this slope is significant and leads=0 to 0 K for y=<0.25. This behavior is probably due to the
to a possible interpretation of the results. changes in the density of localized states aroBadand in
According to the GM model,for eV<kgT the tempera-  their spatial extent within the barriét.
ture dependence of the conductartgeacross a thin amor-
phous film is given by 2. J-€ characteristics
* I-V measurements were carried out on polycrystalline bar-
G=(Gy+Gy)+ X, b, T 20+, (1) shaped samples with typical cross sections of MB? and
n=2 lengths of 5-10 mm; the distance between voltage probes
The ﬁrst two terms in Eq(l) represent e|astic tunne“ng was 2'3 mm. Detai|edi-V CharaCteriStiCS were Obtained fOI‘

processes: direct tunnelings¢) and resonant tunneling via {€mperatures up to 120 K. At higher temperatures, non-
one impurity G;). The T-dependent terms represent inelas-QOhmic behawor was observed only close to the upper limit
tic, multistep tunneling vim=2 impurities; the power index Of the available fields.

for n=2 is 4/3, forn=3 it is 5/2, etc. As temperature in- _ 1he J-& characteristics of a Cr-free sample and a Cr-
creases the contribution of processes with highiecreases. doped sample witly=0.25 are plotted on a log-log scale in
Above a characteristic temperatufg, the contribution of ~ Fig- 3@b (for 20 K-and 100 K. Full and open circles rep-
n-impurity chains toG exceeds that afi— 1 impurity chains. ~ "esent dc and pulsed measurements, respectively. In the
The “effective” power index increases with increasing tem- 'ange of our measurements, the current through the Cr-free
perature, eventually leading to a VRH-type behalishus ~Sample is Ohmic over several orders of magnitudd ¢he
conductance<T*3is a signature of inelastic tunneling across SIOP€ is 1; for the doped sample, due to its high resistivity,

a thin film via two localized states. At low temperatupdd) e Ohmic range is much narrower. The effect of Joule heat-
for y=0.2 andy=0.25 seem to carry the fingerprints of such N9 IS seen best at the top of.the dc trace for the undoped
regime. Our confidence in the applicability of the GM modelS@Mple at 100 K; the portion of the trace abode

for the interpretation of the above measurements rests alsg 10 V/cm maps the temperature dependence afbove

on our previous resulfs. 100 K: a Qr_op in the slope af(€) due to positive tempera-

In order to model the system we assume the presence §fre coefficient aff <T. is followed by an accelerated in-
bundles of percolating “metallic” filaments, their resistivity crease inJ and negative differential resistivity due to nega-
dominated by WL that behave like thin amorphous films.tive temperature coefficient op(T) at T>Tc, as local
Presumably there is a distribution of WLs along each coniémperature of the conduction channels increases.
ducting filament, with various characteristic temperatures Nonlinearity of the pulsed-¢ characteristics becomes
T,. In a first approximation, the complicated network of Prominent foré>10 V/cm. As in Ref. 5 we calculated the
percolating filaments in our samples is modeled using onlygXcess current densithJ=J—Jonmic [Jonmic=0€ is the
two types of WLs(WL1 and WL2, with different character- €xtrapolated value of the Ohmic current density at high
istic temperature3,(2)>T,(1) as in the equivalent circuit fields—see dashed lines in FiggaBand 3b)]. The data of
shown in Fig. 2b). This simple model is applicable far be- AJ (marked by trianglgswere plotted as functions df, it is
low T, where the ratio conducting/nonconducting material isS€en that they fall on steep straight lines, which follow the
constant, that is, where the magnetic microstructure is froPower law AJ<&®. Only data from pulsed measurements

zen. Thus the measured resistivity is decomposed as follow¥ere used for fitting; these usually cover a range of two to
three orders of magnitude iaJ [as in Fig. 3b)]. For the

1 1 doped sample at 20 K the extrapolation of the fitted line
p(T)= 73 572 + 3 : passes through the dc data. In the two insets of Fig. 3 the
Art BT G Agt Bp T - (2y data for the doped sample at 20 K and for the undoped
sample at 100 K are plotted on linear scale that emphasizes
where the denominators represent the contributions of corthe top decades af andAJ.
ductances with elastic and inelastic tunneling acting in par- The four straight lines in Figs.(8,b) representind\J vs £
allel. The WLs with T,(i)>T contribute a constant A{  are almost parallel, showing that the values of their power
term to the sum of E¢2), that is, a temperature-independentindicesa are very close, this, in spite of large differences in
term. In Fig. Za) the solid lines at low temperature representcomposition and temperature and therefore large differences
fit of Eq. (2) to the experimental curves using the data ob-in the Ohmic conductivities. The results may be summarized
tained below 25 K(where the magnetization is almost tem- in terms of two parameters, the power indexand the char-
perature independenEach calculated trace is based on onlyacteristic fieldE, defined asAJ(&,) =o&,. The parameters
three fitting parameter#\;, B;, andA, for y<0.2 andB,, a and &, as functions of temperature for various composi-
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highest for an undoped samp280 V/cm and lowest for a

1074
35 006 sample doped with 3 0.25 (46 V/cm), but depends weakly
3 5:0""‘ ony in the range 0.£y=<0.25. The values of obtained in
E I this work are practically identical with those found for the
10",§ I o quasicubic LgSrpMn;_,Fg0O; (Ref. 5, but here thes,
= 3 T=20K § are _about one order of magnitude higher than those of the
2 3 g earlier system.
= 1 <« » According to the GM model,for eV>kgT the I-V de-
107 rs pendence of a thin amorphous film is given by
- ",' ®
1 4 | =(Go+GyV+ X, aynti-2ord), &)
1073 ¢ n=2
e |
Ay Again the first two terms in Eq3) represent elastic tunnel-
2 :\215 I ing, that is, direct and resonant tunneling via one impurity.
1 s - The nonlinear terms represent inelastic, multistep tunneling
10°3 8100 560 300 10° > via n=2 impurities; the power index far=2 is 7/3 and for
Sl € (Viem) N n=3 it is 7/2. All values ofa found in this work are very
% 1 T=100K p 3 %’ close to 7/3 at lowl and do not deviate much from this value
=] # F B, at higher temperatures. This indicates ttest in the case of
10”3 ‘ .«' 107 Lag /St aMn; _,FgO3) the nonlinear conductivity of
3 o’ i La; ;51 gMn, _,Cr,O; is dominated by inelastic tunneling
» . . . : .
3 ,.- A 0259 E across WLs(weak linkg via pairs of impurity states. Our
» 4"0 ’ E measurements were carried out at>T,(1) [T»(1)
(00 IS AR AN L =(A,/B;)¥*—see discussion abojethus WL1 are short
107 10° 10 circuited by inelastic tunneling activated thermally and by
€ (Vfem) weak electric fields. It seems that the nonlinearity of the
3 e . . . . . characteristic is due to other weak linkepresented here by
(AP W wea. _
o §--F-8 8% A lower limit of the distancd between successive WL2
23 H ] may be estimated from the inequal@l&,>kgT. At 20 K,
N IR © where a~7/3, we obtainl>6x10"° cm for the Cr-free
{eoo mooo ] sample and>4x10"° cm fory=0.25.
194x 01 a4 025 °
E o © ° 4 {400 ™ B. Single crystals of Lg ,Sr; gMn gCrg 07— 5
o-f ° ° . ﬁ 20003 1. Temperature dependence of resistivity and thermopower
] ¢ 7 [2)
13 % i % H\’> 2 Figures 4a) and 4b) showp(T) andS(T) for two single
i . . ; ; . crystals of La ,Sr; gMn, g=Crp 1£07_ 5 that grew in the same
20 40 60 80 100 120 region of the original ingot. The single crystals, labeled SC1
T (K) and SC2, are platelets of dimensions xZB19x 0.036 and

o . 0.37x0.12x0.08 cn?, respectivelyp(T) of SC1 resembles
FIG. 3. J-& characteristicdleft y axis) for a Cr-free sample of  that of the polycrystals witly~ 0.2 [see Figs. (b) and 2a)],
Lay 251 Mn, -, Cr,0; (y=0) and for a sample witly=0.25 and  pyt js Jower by about two orders of magnitude. The resistiv-
the correspondind J() (righty axis) atT=20 K (&) and at 100 K jty of SC2 is even lower and it exhibits clearly a dip associ-
(b). Full and empty symbols represent dc and pulsed measurements; 4 \vith theT,. Both traces show a steep upturn at tem-
respectively; dashed and solid lines represent the Ohmic regimes ?)feratures below 50 K. For SC1. between 50 and 100 K. there
‘]E? hasnfdo pciv\(/)e;éa;\t/ ;'?Ktﬁ]‘:j(fg' iegp;cltl(\)/glig OTnhZ l'i?]Z‘:szzloeW is a slight hysteresis but the main features were preserved
grap V=" y= " during several cooling-heating cycles; the magnitude of the

(c) Fitting parametergr and &, for various samples as functions of hvsteresis decreased with repeated cveling indicating an ad-
temperature. Pairs of full and empty symbols denote different ystere ecrease epeated cycling cating ag

samples of the same composition from the same batch, except fé?g process. Temperature-dependent memory effects in a
the two undoped samplesy€0) that belong to different single crystal of (Lg4Pro125n gMN0; were recently

batches. The dashed line represents the sample averagafa rgp(.)r.tgdl.g The low-temperature and low magnetic-field re-
function of T. sistivities of that crystal are in the range @bf our SC1 and

SC2 crystals.
tions are shown in Fig.(8). With increasing temperature The S(T) traces of the two single crystals differ from
rises from 2.2-0.2 at 20 K to 2.530.23 at 120 K; in this those for the Cr-doped polycrystals in only minor details: for
narrow range of valuesy shows no correlation with compo- the single crystals, the temperatures of the zero crossing and
sition. &, rises superlinearly with temperature; at 20 K it is of the maximum are slightly higher. The tracesS{fT) for
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FIG. 4. (a) Temperature dependence of resistivity of two single
crystals of La ,Sr; gMn; gCr 107 _ 5, crystal SCl(upper traced )
and crystal SCZlower traceO). The low-temperature portions of
p(T) are replotted in the inset on a log-log scdle). Temperature [
dependence of the absolute thermopower of the two crystals. 10 — — ——r

the two single crystals are almost identical in spite of the € (Viem)
?rllz('arr(lacr)lc?teor‘:] n;;);te rteha;gs%?e 't'oerge:t Osfegqn?gnt';:?eaget}gg?g FIG. 5. AJ(€) of single crystal SC1 at various temperatures,

Irlow P U ISUVILES. - during first cooling(a), and after several cooling-heating cycles
S(T) probes only the conducting component of the material

Empty and full symbols represent dc and pulsed measurements,

irrespective of the metal/nonmetal ratio or the density Ofrespectively.
weak links.

~Here agr?\in th_e log-log plot gf(T) shown in the ins_et of  tween~0.1 Vicm atT=10 K to ~0.4 V/cm at 40 K, that
Fig. 4@ brings into focus the low-temperature regime (5 more than two orders of magnitude lower than the lowest
<50 K). '[rlleggsolld line in the upper tradéor SC) repre- 565 ofe, obtained for our polycrystalsee Fig. &)]. AJ
sentspT ™ the negative power index, slightly higher \q ¢ gptained for SC1 during its first cooling cycle, and after
thap 4/3 may be assomateq w!th inelastic tunneling withggyera) cooling-heating cycles are plotted in Fige) @nd
mainly n=2 and some contribution from=3. ;I/'hilower 5(b), respectively. The results for the virgin sampleg.
solid line (for SC2 represents=(0.2+0.0257 94 for 5(a)] are simpler; the trace for 11.5 K exhibits a weak inflec-
this sampleT,=4.7 K, which is comparable to that for the {jon at low fields and straightens up for the upper three de-
Cr-doped polycrystals witly=0.2. The similarities between ca4es ofA J while that for 30 K is a straight line over more
p(T) of the polycrystals and the single crystals are remarkihan 5 decades. At high fields the straight lines are parallel
able and indicate a similar mechanism in both types ofyih siopes that are close to the theoretical valuerfer2
samples. The shiny single crystdishich are flat under the ¢ ' ,~7/3). Above&~5 Vicm thel-V characteristics for
electron microscopedo not contain grain boundaries. The ¢ yirgin sample became erratic, although on the scale of
weak links that govern their low-temperature resistivity arem;jiseconds the pulses remained flat. After repeated thermal
probably of intragrain origin. The presence of domaincycjing the erratic response disappeared; this seems to be
boundaries would account for the hysteresis. related to the decay of the hysteresispifil). This erratic
behavior reflects the fragility of the WLs network in virgin
single crystals; each high-current pulse can make and Break

Measurements of-V characteristics over wide ranges of part of the conduction paths. Reproducibility is eventually

currents could be carried out only on sample SC1 at lowachieved upon aging.
temperaturegthe resistivity of SC2 was too low for these  The main feature of the graphs in Figbbis an inflection
measurements The J-£ characteristics are very nonlinear between the two regimes; at low fieldsdecreases from 3.1
already at relatively low fields; the values 6f range be- at 10 Kto 2.6 at 40 K, at high fields it decreases from 2.1 for

2. J-£ characteristics
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10 K to 1.6 for 40 K. This behavior may be modeled in termstransport along percolating paths embedded in an insulating
of the equivalent circuit in Fig.(®) that represents two types matrix, with the percolating paths disrupted kptergrain
of WLs connected in series. At low fields the WLs with the and intragraiin weak links. Analysis of the temperature de-
highest resistances are probed.&igcreases these are short- pendence of resistivity andV characteristics indicates that
circuited by their field-activated inelastic tunneling, andthe linear and nonlinear conductivities in both types of
other typés) of WLs now dominate the-V characteristic. weakly insulating media are governed by inelastic tunneling
The low value ofa at the upper limit of the trace for 40 K through weak links, in accordance with the model of
indicates that at this temperature the transition from one typ&lazman and Matveévfor inelastic, multistep tunneling
to other typés) of WLs is far from being completed, even at across an amorphous thin film. The values of the parameter
the highest fields. We assume that the network of WLs in ther in AJ(=J—o&)=£, obtained here for bilayered manga-
single crystal consists of planar defects, such as domainites, are practically identical with those found for the qua-
boundaries. The presence of a domain structure wasicubic Lg ;S Mn;_,Fg0; (Ref. 5, in further support of
visualized! in the magneto-optical image of a single crystal our earlier conclusion that the model for a single weak link
of composition close to ours (LagSr, ¢aMn,0;). In poly-  may be extended to a network of weak links, irrespective of
crystalline manganites, the linear and nonlinear conductivithe dimensionality of the system. In the polycrystalline lay-
ties are probably governed by both intergrain and intragrairered manganites the characteristic field for nonlinear conduc-
WLs, while in single crystals only by the latter. Irrespective tivity &, is roughly one order of magnitude higher than in the
of their origin, the behavior of the WLs is well explained by quasicubic manganitésOn the other hand, in the single
the GM model. crystalJ(€) becomes nonlinear already at comparatively low
electric fields. This is probably due to much lower density of
IV. SUMMARY weak links in this crystal. The measurements¢T) andl-
i ) 'V characteristics in polycrystals are highly reproducible,
We reported here a_systematlc study of_ linear and no”_“n\'/vhile in the single crystap(T) exhibits hysteresis at loW
ear transport properties of ferromagnetic, polycrystalline;q jis1-v characteristic is erratic at fields above 5 Vicm.
Lay ;Sr gMn, ,Cr,O; (y=0, 0.1, 0.15, 0.2, and 0.28n  However, reproducibility is achieved upon aging.
which low-T magnetization and resistivity are controlled by
the Cr content. Linear transport measurements were carried
out also on two weakly insulating single crystals of
La; 4Sr MNn,O;_5; pulsed |-V characteristics were mea-  This research was supported by the Posnansky Research
sured only on the more resistive one. The results obtaineBund for HTSC, the Center of Absorption in Science, the
from the measurements on the polycrystals as well as on thdlinistry of Immigrant Absorption, and by the Fund for the
single crystals are consistent with the model of electronicPromotion of Research at Technion.
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