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We substitute Ga for Mn in the LaSr;sMnO; compound to see how magnetic and atomic disorder affects
the properties of this system. Ga doping gives rise to minor structural effects in $hpSr,gMn; _,Ga O3
(0=x=0.5) series. However, the Curie temperature and the temperature at which the resistivity changes its
behavior from insulating- to metallic-like both decrease drastically with increasing Ga content. In addition,
these transitions do not occur at the same temperatusexf6r02. Ferromagnetic long-range order is observed
for samples withx<<0.3. Forx>0.3, the system is in a spin-glass-like state. We obtain rather high values of
negative magnetoresistancexs 0.2 samples, which likely arises from spin-polarized tunneling.
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[. INTRODUCTION decrease of the temperature corresponding to both magnetic
and resistivgfrom semiconducting to metalliclike behavjor

Physical properties of manganitésixed oxides of Mn  transitions. On the other hand, effects of disorder on the
and rare earth®), in particular the colossal magnetoresis- properties of manganites have been calculated by several
tance, have attracted a lot of attention in recent ybdise ~ groups™ ?*They found that the Curie temperature decreases
introduction of a divalent catioA (A=Ca, Sr, Baonto the With increasing disorder. An uncoupling of magnetic and re-
trivalent R site gives rise to a mixed valence of Mn atoms. SiStive transitions for sufficiently high degrees of disorder
Above some critical value of, R; ,A,MnO; undergoes a has _be_en also foreseé%ﬁz W'.th _the am of venfymg this
paramagneti¢PM) to ferromagneti¢FM) transition coupled prediction and to gain some insight into the behavior of the
with a sharp decrease in resistivity upon cooffrithe high- LaggSryysMn; -, G3,0; system, we have performed a careful

est transition temperaturd@ ) is observed fox~1/312The study of this series for<0.5. We have measured magnetic

double exchange interaction is considered the main mech§-nd electrical transport properties in a broad range of tem-

. . . - ‘perature and magnetic field. Our results show that, indeed,
nism controlling both the magnetic and transport propertie he magnetic and resistive transitions are uncoupled in the
in manganites.However, there are some puzzling phenom-0.05$x$0'2 range.
ena in their behavior, which are not well understood. Addi-
tional mechanisms such as electron-phonon couflitiee
average ionic size of cation®R( A),>® the size mismatch

betweerR andA cations or atomic disorder contribute to the  The samples of LgSr,Mn;_,GaO; (x=0, 0.02, 0.05,

physical properties of this system. In order to account for they 08, 0.1, 0.15, 0.2, 0.3, 0.4, and D\ere prepared by a
role of disorder in the Mn sublattice, several groups havesolid state reaction. Stoichiometric amounts of,Qg,
studied the effect of substitution of Mn ions with other ele- SrCQ;, MnCO;, and GaO; with a nominal purity of not
ments. Some have used magnetic eleméntsh as Fe or §r  |ess than 99.95% were mixed and heated in air at 950 °C for
in their studie€~'2 However, in this case it is difficult to 18 h. After grinding, they were pressed into bars and sintered
separate new magnetic interactions from disorder effect$n air at 1250°C for 18 h and at 1500°C for 48 h with
Other have used nonmagnetic elements but with a large sizéatermediate grindings. The oxygen content was analyzed by
mismatch that could induce microscopical strain and latticdodometric titration. All samples were stoichiometric within
distortions™>* Among several alternatives, the introduction the experimental errojoxygen content of 3 0.015).

of the nonmagnetic G4 onto the Mn sites seems to be the  Step-scanned powder diffraction patterns were collected
best way to minimize lattice strain since ®nand Ga* between 19° and 140(in steps of 0.03°) at room tempera-
have similar ionic size&’ Such a substitution has been stud- ture using a D-max Rigaku system with a Cu rotating anode.
ied earlier in the LgsCa;Mn;_,GaO; system, where a The device was working at 40 kV and 80 mA with a counting
sharp decrease af with the increasing content of Ga has rate of 4 sec step. A graphite monochromator was used to
been found®'” The FM long-range order disappears be-select the CK, radiation. The crystal structures were re-
tweenx=0.1 and 0.25 in this system. Only a few studiesfined by the Rietveld method using tReLLPROF program?®
have been devoted to the investigation of Ga doping in the Magnetic measurements were performed between 5 and
Lay/sSr;,sMnO; compound. Some have focused on the study380 K and up to 5 T in a commercial Quantum Design su-
of heavy doped manganites L3Sr,Mn;,G&,;,03, looking  perconducting quantum interference device magnetometer
for the correlation between the MA concentration and provided with an ac experimental setup. Resistivity measure-
changes in structural and magnetic propertigS.Properties ments on the same samples were carried out using the stan-
of LaysSrsMnggMo103 (M=Ga, Ni, and Fg were re- dard six-probe ac method in the temperature range from 4 to
ported in Ref. 9. The Ga-substituted compound shows a large00 K and in magnetic fields of up to 5 T.

Il. EXPERIMENT
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TABLE |. Structural parameterdattice parameters, volume, fractional atomic coordinate and isotropic displacement)faothisome
reliability factors(defined as in Ref. 23for Lay;sSr,sMn; ,Ga O3 (x<0.5) at 300 K. Digits in parentheses refer to standard deviations.

Sample x=0 x=0.02 x=0.05 x=0.08 x=0.1 x=0.15 x=0.2 x=0.3 x=0.4 x=0.5
aA) 5.50011) 5.49951) 5.49941) 5.49911) 5.49781) 5.49671) 5.49452) 5.49121) 5.48661) 5.48371)
c (A 13.35932) 13.35682) 13.35173) 13.34742) 13.34692) 13.34272) 13.34172) 13.33622) 13.32882) 13.32371)

Volume (A3) 349.991) 349.841) 349.7G1) 349.551) 349.371) 349.131) 348.8%2) 348.261) 347.491) 346.981)
La at(0 01/9:

B (A?) 0.491) 0.261) 0312 0661 0.351) 0.351) 0.351) 0461 0381 0.471)
Mn/Ga (0 00):

B (A?) 0.251) 0.102) 0152 0451 0.162) 0.122) 0.192) 0222) 0182  0.321)
O (x 01/4:

X 0.54086) 0.54067) 0.54049) 0.54026) 0.54017) 0.54018) 0.53997) 0.540@7) 0.540Q7) 0.53947)

B (Az) 1.187) 0.637) 0.999) 1.027) 0.667) 0.998) 0.567) 0.897) 1.098) 0.697)

Rup(%)/Reragd %) 8.6/3.9 11.4/5.2 11.6/4.2 9.3/4.0 10.2/4.1 11.3/43 9.9/4.0 9.9/4.3 10.2/4.8 9.9/3.8

. RESULTS Mn3* ion in high spin state usually shows Jahn-Teller dis-
tortion that is absent in metallic manganit&s.herefore, the
] ] ] _addition of the tabulated ionic radii must only be considered
X-ray powder diffraction studies revealed that a uniquegg 5 rough approximation in the present case. MRh® dis-
phase could be formed over the rangexdfetween 0 and 0.5 (ances, shown in Fig. 1, decrease almost linearly with
in the L&;SnMn,,Ga0; system. Only thex=0.5  the |g,.Sr,Mn, ,GaO; series with a rate of-0.012 A
sample showed an impuriaround 1% of LaSrGf;) that  per Ga atom. This finding, and bearing in mind the ionic
was included in the refinement as a secondary p?f‘a‘she size5 for Mn3", Mn**, and GA* (0.645, 0.53, and 0.62 A,
diffraction patterns obtained can be successfully refined fOFespectiver, lead us to conclude that &areplaces MA*
all samples in the frame of thR3c space group, very com- in the manganite lattice. In addition, we found that the oxy-
mon for slightly distorted perovskite@t corresponds to an gen stoichiometry, determined by iodometric titration, is not
a a”a” octahedral tilt scheme with equal rotations about allaffected by Ga doping. This leads to an increase of the
three pseudocubic ax&s A monoclinic cell, thel 2/c space  Mn**/Mn3* ratio as the content of Ga does.
group, has been claimed far= 0.5 on the basis of an elec- Finally, theM-O-M bond-angle slightly increases as the
tron diffraction study"® Since the additional distortion corre- Ga content increases, varying between 166.8°xfel0 and
sponding to this structure is very smalindistinguishable by  167.25° forx=0.5. This curve shows a plateaulike behavior
x-ray diffraction and both space groups give accurate Ri-for 0.1<x=<0.3. Nevertheless, the structural changes are
etveld fittings, we have also analyzed the 0.5 sample in  very small as expected for the substitution of Mrwith an
the rhombohedral group. Structural parameters obtainegn of a similar ionic size.
from Rietveld analysis are summarized in Table I.
The volume of the refined unit cell decreases as the content B. Magnetic properties
of Ga increases in LaSr,sMn;_,GaO5. This decrease is
almost linear withx, and amounts up to approximately
—6.2 A% per Ga atom. The variation of the lattice parameter
with x is more complex. The rate at which the lattice con- 1885 7 1] 1675
stant, corresponding to tleaxis, decreases withis almost : ]
uniform. However, the rate for theeaxis varies strongly with
composition: it is small fox<0.1 and large fox=0.1. The
inflection point coincides with the conductivity character
change in the LgsSr;;sMn; _,Ga 053 system which, at room
temperature, is metallic up t0~0.08 (see below. Figure 1
shows the refinedM-O distances M =Mn, Ga and the
M-O-M bond angles as a function of the Ga content. The 194
M-O length decreases with increasin@s expected for the
substitution of MA™ by G&*. It varies between 1.952x(
=0) and 1.945 A x=0.5). We note that th&-O distance FIG. 1. InteratomiaM-O distancegcircles andM-O-M bond
found for the undoped compound is slightly below the cal-angles(triangles for LaySr;,sMn; _,Ga0; samples withx<0.5.
culated one from the tabulated ionic radii.956 A. The M refers to Mn/Ga.

A. Structure at room temperature

Figure 2 shows the temperature dependence of the in-
é)hase ac susceptibilityy{) for x<0.3 compounds. Tha
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FIG. 2. The in-phase magnetic susceptibility for FIG. 4. Magnetization vs fieldt® K for (from top, highesM,

Lay;3SrsMn; _,Ga 05 samples X<0.3). to bottom: x=0, 0.02, 0.05, 0.08, 0.1, 0.15, and 0.2 samples. Inset
(a): Saturated magnetizatiofpointy and Mrf*/(Mn3" +Mn*")

=<0.2 samples clearly show ferromagnetic transitions. Theatio (solid line) vs x for LaysSrsMn;_,Ga O, samples. The dot-
critical temperaturf ¢, defined as the inflection point of the ted line shows a linear fit while vertical broken lines are posible
Xac CUrve, decreases as the Ga content incredgevaries  limits for different magnetic phases. FM and SG denote ferromag-
from 365 to 152 K ax goes from 0 to 0.2, respectively. The netic and spin-glass regions, respectively. Iniet Magnetization
Yac (T) variations, measured at different frequencies of thevs field at 5 K for(from top, highesM, to botton x=0.3, 0.4, and
ac field, are shown in Fig. 3 fox=0.3 compounds. These 0-5 samples.
curves peak at a low temperature between 49.5 and 15.5 K as
x varies from 0.3 to 0.5, respectively. The maximum ofx=0, is higher than the expected one for the spin-only con-
xadT) decreases in amplitude and shifts to higher temperatribution with g=2 (3.67ug/fu). The similar finding has
tures as the frequency of the ac field increases. Such a béeen reported earliéf.Nevertheless, the agreement between
havior can be attributed to a dynamic spin freezing andgalculated and experimentd¥ig values (2.8Zg/fu and
likely, the FM long-range order is not achieved in these2.90ug/fu, respectivelyis excellent forx=0.2.
samples. In fact, neutron diffraction experiments did not The magnetic properties of the=0.3 compound are
show any FM ordering for the= 0.5 sample?® None of the  noteworthy. This sample shows a large spontaneous magne-
samples studied obeys the Curie-Weiss law in the temperdization, but its saturation is not achieved at §ske inset
ture range studiecbelow 400 K. (b)]. The magnetic moment at 5 T is 1/g/fu, far below

Magnetic loops were measured & K for all samples the expected one for a fully polarized Mn sublattice. More-
studied. The results are displayed in Fig. 4. All of theover, the magnetization curve has a positive slope at high
Lay5Sr,sMn; _,Ga,0; samples show a spontaneous magnedmagnetic fields, indicating the presence of either a canted
tization at 5 K. However, the samples witl<0.2 behave as ferromagnetic arrangement or a secondary paramagnetic
soft ferromagnets. Magnetic saturation is already achieved @hase. An inhomogeneous magnetic state cannot be dis-
magnetic fields of approximately 5 kOe. The obtained satucarded as well, bearing in mind the dynamic behavior shown
rated magnetic momeiM g decreases almost linearly with by xadT) in this sample(see Fig. 3. Neutron experiments
in this composition range with a rate ef4.6ug/Ga atom are desirable to shed some light on this subject.
[see inseta)]. Mg varies between 3.7 /fu and 2.9Qug /fu Samples with a higher Ga content exhibit smaller sponta-
asx changes between 0 and 0.2, respectively. The value dieous magnetization values. The positive slope of the mag-

the magnetic momen¥ s found for the parent compound, netization curves at high magnetic fields in addition to the
low magnetic moment at 5 T is consistent with lack of the

00012 ] 0.008 long-range FM order in these materials. Both sampbes (
r ] =0.4 and 0.5 are likely in a(spin or clustern-glass state at
- 0 i 1097 low temperatures as proposed recentlyXer0.5 from neu-
© o008 | 1o & tron diffraction experiments’
& . ] 0008 5 -~ 3+
H : ] g The substitution of Mn by Ga changes the M#AMn
o, 000061 1 0.005 "é ratio in Lay3Sr;sMn; _,Ga,0; samples. This is shown in the
R o000 | ] RS inset of Fig. 4, where Mt /(Mn** +Mn3") is plotted ver-
0004 | ] 0.004 L 4+ 3+
‘ ] susx. FM ordering is observed for Mi/(Mn** +Mn3*)
o021 11 1 gpo3 up to approximately 0.47.
0 20 40 60 80 100

TX)
. . . C. Current transport properties
FIG. 3. The in-phase magnetic susceptibility for
LaysSrsMn; _,Ga 0, samples (0.8x<0.5). Samples withx How the resistivityp of the L&;sSr;;sMn; - ,Ga O3 series
=0.3 and 0.4 were measured at different frequencies of the altevaries with temperature is shown in Fig. 5. As the content of
nating field(1, 10, and 100 Hz Arrows indicate the frequencyf § Ga increases, the material studied becomes more resistive.
increase. We have noted that the repeated annealing of the bars re-
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FIG. 5. Resistivity vs temperature for the 48r,;Mn; _,Ga 03 s 004
(x=0.3) samples. Inset: Variation of the activation energy with the o 0' o 0 10 m s 300 0 4;}()0.02
content of Ga x<0.3). The broken line is a guide for the eye. T(K)

duces their electrical resistance significantly but without FIG. 6. Comparison betweep(T) and x'(T) curves for

changing the shape of tszhg(T) curves as reported earlier for LagsShsMn, _,GaO; samples witha) x=0 (continuous lingand
La;_«SKMnO; samples:” Here, we present results for y_g 05 (dotted ling, and (b) x=0.05 (continuous ling and x
samples prepared at the same conditi@mealing for 48 h  —¢ 1 (dotted ling.

at 1500 °C). Thex=0 compound exhibits a sharp drop of
the resistivity below 360 K, close to thE:, in agreement

with the previously rep;c;rgted results for the polycrystalline|gads to a broadening of the magnetic transition. For high
L&y/3SrsMnOs systent” Forx up t0 0.2,p(T) shows a  gnough doping, the long-range magnetic ordering is lost and
maximum whlch we ascribe to the resistive transition be+the magnetic curve shows a peak typical of cluster or spin-
tween insulating dp/dT<0) and metallic §p/dT>0) con- 555 systems. The resistive transitiGhexisting) in such
ductivity regimes. The temperature for this transitidiyy,  systems is observed either at the magnetic peak or at the
decreases as the content of Ga increasesx®@&3 compo-  |oy-temperature onset of the magnetic transition. The
sition is semiconducting in the whole range of temperaturgresent case shows significant differences: First, the mag-
studied. ForT>Ty,, the resistivity ofx<0.3 samples fol-  netic transition remains sharp for all the compositions show-
lows the Arrhenius lawp=expEa/kT). We plot the activa-  jng the resistive transition which for 0.85<=.0.2 takes
tion energy Ea) vs composition in the inset of Fig. &£o  place well belowTc. In addition, the resistivity exhibits
increases with the increasing content of Ga and tends to satdpme anomalies at the magnetic transition such as o ke
rate at a value of approximately 140 meV for largeThe  thex—0.05 curve in Fig. &)] or a clear peakx=0.1 in Fig.
observed behavior could be attributed to both the diminutiony )], The kink atT is hardly visible in theo(T) curve for

of hopping paths when Ga replaces MA" (the former,  ther compositiongsuch asc=0.2, not shown hejebut it

with a 3d*° electronic configuration, does not participate in appears in the first derivative. We note that0.2 and 0.15

the4+elec§r+onic_ conduction and the change in the paye rather high electrical resistivities in their “metallic”
Mn*"/Mn*" ratio. hase.

In Fig. 6 we compare the magnetic and resistive behavioP Finally, we find that the resistivity of all

for various Lq,3Srl,3Mnl,lea.1K03 samples. First, we note LaysStysMn; _,Ga,0; samples studied show a minimum at
that Tc and Ty almost coincide for the low Ga doping ( |ow temperatures. The temperature corresponding to this
<0.02), as expected for coupled transitioffSig. 6@].  minimum increases as the Ga content increases. This feature
However, for the higher doping«&0.05) the resistivity has  might also be related to the polycrystalline nature of the
a maximum at temperatures much lower tian[Fig. 6(b)l.  samples because the minimum in the resistivity is not ob-
A similar behavior has also been observed in other substiserved in single crystals of LgSr,s;MnO;.%” However, the
tuted manganite¥***'The difference betweefic andTy  dependence on the content of Ga suggests an intrinsic char-
can sometimes arise from the procedure used in defifiing  gcter.
Some authors defing: as the temperature corresponding to

the inflection point in the magnetization curie criterion

used hergwhereas others prefer to extrapolate the maximum

Usually, replacing Mn with other elements in manganites

D. Magnetoresistance

slope of the magnetization curve to thexis. However, this The uncoupling between magnetic and electrical transi-
is not our case aS. and Ty, differ by more than 30% in tions leads to the following question: how are they affected
some compositions. by an external magnetic field? In order to answer this ques-
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FIG. 7. Resistivity vs temperature at different external magnetic
fields (continuous ling and temperature dependence of the magne-
toresistancédotted ling for Lay;Sr,sMny Ga&) 103. The values of
the magnetic field aréfrom top to bottonx: 0, 5, 10, 30, and 50
kOe. The magnetoresistance is defined as MREX)OX [ p(H
=0,T)-p(H=50kOeT)]/p(H=50 kOeJ).

tion, we have focused this part of the study on #we0.1
sample, where both transitions are clearly distinguishable.
Resistivity variations at different external magnetic fields are
shown in Fig. 7. The resistivity decreases as the applied field
increases. It is clear that the anomaly associated with the
magnetic transition shifts towards higher temperatures with
increasing magnetic field. The resistivity maximum, how-
ever, remains almost at the same temperature. On the other 0
hand, the shallow minimum at 30 K shifts towards lower
temperatures upon applying a magnetic field. The magne-

toresistance, defined ~as  [p(H=0,T)-p(H FIG. 8. (a) Field dependence gf(H)/p(H=0) at the tempera-
=50 kOeT)]/p(H=50kOe), is also displayed in the yres indicated in the figure for LaSr,sMny (Gay 105 . Inset: Tem-

same figure. Two contributions to magnetoresistance argerature dependence of the low-field magnetoresist4nE#R)

clearly seen: One at high temperatipeak shape arising  and the best fitsee Ref. 2¥ of the form LFMR (T)=a+b/(T
from the shift ofT¢, and another belowWc likely related to 4+ ¢) (dashed ling The fitting parameters ara=—0.18, b

the grain boundaries. In Fig. 8 we sh@{H)/p(0) versusH =103K, and c¢=248K. (b) Magnetic resistivity,
and [p(H)-p(50 kOe))/p(0) versus [M/M (50 kOe)? [p(H)-p(50 kOe)l/p(0), vs [M/M(50kOe)? at different tem-
curves for thex=0.1 sample in the temperature range from 5peratures for the same sample.

to 300 K (p(H)-p(50 kOe)|/p(0) is some measure of the

magnetic resistivity At low fields, the resistivity drops core spin, andiv) an on-site electrostatic perturbation. The
sharply in the ferromagnetic region. This drop is larger atjatter is a consequence of the fact that the average valence of
lower temperatures and reaches values close to 25% at 5 lhe Mn-Ga-Mn sublattice 43.3) is higher than that of

In the same field range, the magnetization increases sharplg s+ Holes cannot hop onto Ga sites, but they stay longer
The variation of[ p(H)-p(50 kOe)l/p(0) is almost linear  at the Mn ion which neighbors with G The disorder is not
with the square of the normalized magnetization in this reonly enhanced by the random substitution of Ga atoms for
gion. At higher fields, the resistivity still decreases, thoughyn put also by lattice distortions arising from the different
magnetic saturation has been achieved. Thus, two regimegnic sizes of the dopant. All these factors affect the proper-

are observed in the variation of the resistivity in the ferro-ties of the system studied. We discuss some of them below.
magnetic region. On the other hand, in the paramagnetic re-

gion the magnetic resistivity varies almost linearly with
[M/M (50 kOe)}? in the whole range of fields studied. A. Structural properties

The structural changes related to the Ga doping are minor,
as expected for the substitution of Mfhwith an ion of a
similar ionic size. Only a small decrease of #eO distance

Ga doping in the LgsSr,sMn; _,Ga 05 system gives rise in addition to a slight increase of thd-O-M bond angle,
to several effects(i) an enhancement of the disordér) a  are found. Consequently, the Md ®andwidth should not be
decrease of the conduction paths for electrons a5 Gans  directly affected by the local stress induced by*Géons but
do not participate in conductiofiji) a partial suppression of solely by dilution. It has been found that some manganite
both the ferromagnetic double-exchange and superexchanggstems undergo a structural transformation on cooling that
antiferromagnetic interactions since Gaons do not have a  affects their band structuf@.In order to check this in our

[P(H)-p(50 kOe)]/p(0)

I R

0 0.2 I 0.4 -
[M/M(50 kOe)[®

| TR BT

0.6 0.8 1

IV. DISCUSSION AND CONCLUSIONS
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system, we have collected x-ray patternsxXer0.1 down to L o e LA B e B B
77 K. No structural changes have been detected except thi 350
typical thermal contraction. Therefore, any contribution from

a structural transiton can be discarded in 300
Lay/5Sr,sMn; _,Ga0O; for the range of Ga content studied. ~ 259

= 200
150

B. Magnetic properties

SPG 1

The substitution of Ga for Mn leads to a weakening of the
FM interactions in Lgs;Sr,sMn;_,GaO; as evidenced by 100
the decrease of both; and Mg and the subsequent loss of

T T T T T T T T T T T

the FM long-range order at~ 0.3 (this composition might 50 .

be considered as a transitional one between ordered and nor 0 Moo e
ordered samplgs The substitutional disorder, through a 0 0.1 0.2 03 0.4 0.5
diminution of the number of Mn-Mn paths and an increase of Ga content x

.the Mr'f”/Mn“. “”!“0' promotes competitive magnetic FIG. 9. Phase diagram for the 45r,Mn;_,Ga0O; series.
interactions. This, in turn, contributes to the magnetic PMI, FMI, FMM, and SPG refer to paramagnetic insulator, ferro-

frustratlor? that can give rise to the spln-glass-.hke behaworm,jgnetiC insulator, ferromagnetic metal, and Sluster) glass
in the x>0.3 samples. We note that the doping range forfyhases, respectively.

which our system orders ferromagnetically(®=<0.3) is

quite large in comparison to other doped mangariités.his . ) .

may be attributed to the strong FM interactions between 1h€ behavior of the magnetoresistandéR) in the
neighbor spins of the undoped compoung 41, MnO;, as  L2ShsMn; ,Gg0; system is mainly determined by its

suggested by Alonset al?2 granular nature. The low-field magnetoresistaideMR) in
manganites is attributed to either spin-dependent scattering at
C. Electrical transport properties the grain boundarié$ or spin-dependent tunneling between

grains?’ Nonlinear current-voltage characteristics, obtained

Disorder arising from doping tends to localize the currentiy, o manganite bicrystal grain boundary, seem to point to
carriers and to decreadg,. The increase of the activation the latter mode?® An applied magnetic field, which aligns

325:8;8\’:2 ?ﬁ;?g;ﬁ?\g%;?gﬁg;?Llf?;;'l?r'eﬁr?r:ﬁetgesteﬁqrains ferromagnetically, gives rise to larger electron tunnel-
b y ng and negative MR. Taking into account the magnetic field

studied is consistent with these predictions. In addition, OUL - endence of the interarain ling ener ne finds that
studies show that, indeed, magnetic and resistive transitio P 9 coupling energy, one s tha

n o : . i
do not occur at the same temperaturexer0.05. However, Ep/po“_m /T in the f(la_rro(;nagnhenc region, Wflj{a r'ls t;]e
the magnetic transition is also clearly visible in théT) magnetization normalized to the saturation vailghe be-

curves, although a metalliclike state is achieved well below?@vior of the MR found in our sampl¢&ig. 8b)] is consis-
Te. tent with this prediction. LFMR also depends on the grain

The resistivity behavior in the system studied qualita-s'ze-28 Following the procedure used in Refs. 27 and 28, we
tively follows the predictions of Ref. 22. It also agrees have estimated the temperature variation of LFMR by find-
roughly with the results of a model for La,SrMnO;-type ing theH =0 intercept of the extrapolated high-field MR and
compounds based on the double exchange mechanism afdbtracting it from 1. We find that the LFMR increases with
diagonal disorde?® However, a more direct comparision be- decreasing temperature, as expected. The temperature depen-
tween these models and experimental data is difficult, sincgence of the LFMR for th&= 0.1 sample, shown in the inset
it involves too many arbitrary parameters. Our preliminaryof Fig. 8, can reasonably be fitted by the funct@ b/(T
calculations show that the resistivity behavior for different+c). On the other hand, the field dependence of the HFMR
values ofx in Lay3Sr,sMn;_,Ga0; can be explained as is alike for temperatures beloW, . Its contribution to the
well in the framework of a random-resistor percolation-total MR at 50 kOe is comparable to or even larger than that
network modef! In this model, a sampléphase separated of the LFMR. It can be attributed to a tunneling process
near Tc) is represented by an effective resistance correacross a noncollinear surface layer at the grainsowever,
sponding to a parallel connection of resistances which reprenore studies of LgsSr3Mn;_,GaO; samples with differ-
sent the ferromagnetic conducting and paramagnetic insulaent grain sizes is needed to confirm this conclusion. In the
ing phases. At present, we cannot discriminate between theg@ramagnetic region, carrier scattering by thermal spin dis-
models. order seems to be responsible for the obsep@d) varia-

Our experimental results can be summarized in the phasiéon (Ap/p,*1—m?).
diagram shown in Fig. 9. We should point out that there is no  Finally, we briefly discuss the low-temperature resistivity
true phase transition between FM metal and FM insulatominimum observed in the system studied. This minimum
regions. The dashed line in Fig. 9 merely divides regionsshifts towards lower temperatures under an applied magnetic
with metalliclike and insulatinglike conductivities. Neverthe- field and becomes shallower with increasing fields. The larg-
less, the magnetic ordering and the change of electrical beest drop inp(T,H) for this region occurs at€H=5 kOe.
havior are uncoupled for 0.82x<0.3 samples. Tunneling between antiferromagnetically coupled grains can
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once again be responsible for this behavio&uch a model tions in the system studied. Our results also show that the
accounts fairly well for the resistivity minimum behavior in presence of grains and grain boundaries significantly modi-
Lag ¢St ,MnO;. %8 fies the electrical transport properties of this polycrystalline
To summarize, our experimental results obtained for thenaterial in the presence of an external magnetic field.

Lay;sSrsMn, _,Ga O3 system show that doping with Ga
drastically affects the magnetic and electrical properties of
this system in various ways. As both the MdMn®" ratio
and disorder increase with an increasing dilution of the mag-
netic sublattice, the Curie temperature sharply decreases and We thank J. L. Alonso and F. Guinea for fruitful discus-
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