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Magnetic transitions and electrical transport in lanthanum strontium
manganite: Effects of substitutions and high pressure
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The observation of a substitution-induced ferromagnetic ordg=200 K) is reported in
antiferromagnetic LggSr,4MnO; (Ty=130 K) when 0.05 of La is replaced by yttrium. Important
results of ferromagnetic resonan@eVR) and high-pressure transport studies are as folldiys.
Data on FMR linewidth and resistivity provide evidence for the presence of microscopic magnetic
inhomogeneities, possibly gSry {MnO; (ii) For zero external pressure, a resistivity peak at 130

K due to intergrain tunneling, a secondary peak clos&tpand magnetoresistan¢®IR) on the

order of 30% are observedii) At high pressures, the resistivity peaks shift to higher temperatures
at the rate of 24—26 K/GPa and MR values decre@ggAn internal pressure of 3 GPa due to Y
substitution is inferred from high-pressure transport studies2001 American Institute of Physics.
[DOI: 10.1063/1.1388872

This study was aimed at the nature of magnetic interactransport studie a 3 GPa internal pressure due to Y substi-
tions in lanthanum manganites through substitutions and theution.
application of an external pressure. The perovskite Polycrystalline samples of lg@Sry ;MnO; (LSMO) and
La; _,Sr,MnO; exhibits a variety of magnetic phaseSThe  LaggsY 055 MNO; (LYSMO) were prepared by the stan-
end membex=0 is an antiferromagnetic insulator due to dard ceramic techniques. The samples were found to be
the superexchange between Mnions?! The substitution of single phased and orthorhombic. Yttrium substitution re-
Sr leads to a ferromagnetic double exchange interaction, métlited in a 0.6% decrease in the unit cell volume. For static
tallic conductivity, and a large magnetoresistarisee Ref. magnetic characterization, a Faraday balance was used. Low
4). The appearance of ferromagnetism is reported xor field susceptibilityy was measured for a field =50 Oe and
=0.1 and metallic conductivity fox=0.17%? saturation magnetizatioll s was measured withl =5 kOe.

The strength of DE interactions depends on the bondigure 1 shows the temperature dependence fof powder

angle and bond distance and these structural parametet@mples of LSMO and LYSMO. The susceptibility data for
could be controlled either with partial substitutions for La or SMO is reminiscent of expected behavior for an antiferro-
by applying external pressure. Trivalent substitutions such afi2gnet with a Neel temperatufig, of 130 K. We did not

Y3 are preferred since mono or divalent ions change th@pbserve ferromagnetism in LSMO reported in earlier

average valency of Mn and affect the strength of DEince fStUd'esl' Yttrtl_um sut()jsnturt]lon n LSMO _Iez:g Sto dthe_ ontset of
there are three types of A—O bond lengthsrresponding to erromagnetism and a sharp increase in the ordering témpera-

A=La, Sr, Y) and two different Mn—-O bond lengths ture to 200 K. The measured low temperatuvk; for

(Mn**—0 and MA*—0) substitution induced changes are LYSMO is 95 emu/g and is in very good agreement with the

somewhat uncontrolled. With external pressure howevere xpected value of 100 emu‘?g.
’ P ' ' Additional evidence for ferromagnetic order in LYSMO

one can introduce a controlleq change. Studies on _h|gh- as obtained from FMR studies at arband on a 10Qum
pressure effects are thereforg ideal for an understanding ick disk with the static magnetic field applied parallel to
the nature of the ferromagnetic DE.

Here we report on the effects of yttrium substitution and
high pressure on magnetic and transport properties of
La;_,SrMnO; with the composition of interest, ie., 3
x=0.1 since an antiferromagnetic to ferromagnetic transition
and a rapid increase iM. with x are reported fox values
around 0. When 0.05 of La is replaced by Y, we observed
a 0.6% reduction in volume and an antiferromagnetic
(Ty=130 K) to ferromagnetiqT,=200 K) transition. Both
ferromagnetic resonand&MR) linewidth and electrical re-
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sistivity data provide evidence for the presence of magnetic® 0 L L L M—
inhomogeneities, most likely antiferromagnetic clusters with 50 100 150 200 250 300
aTy=130 K. Atunnel-type giant magnetoresistaribR) is TEMPERATURE (K)

observed in the sample. We inferred from high pressure

FIG. 1. Susceptibility vs temperature data fory k81, ;MnO; (LSMO) and
Lag gsY 0.0551.1MNO3 (LYSMO). The arrows indicate the magnetic transition
¥Electronic mail: srinivas@oakland.edu temperatures] y=130 K for LSMO andT.= 200 K for LYSMO.
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FIG. 3. Temperature dependence of the zero field resistivity and the mag-
TEMPERATURE (K) netoresistancéVIR) for LYSMO for zero applied pressure. The MR values
are for an applied magnetic field of 4 kOe. The arrows indicate the low
FIG. 2. Ferromagnetic resonance linewidtii and resonance fielti, at temperature aT,, the shoulder aT, andT,.
9.2 GHz for a 10Qum thick disk of LYSMO. The arrow indicates the Curie
temperature.

La, _,Sr,MnO; shows such a behavior at ony>0.1752 It
is very likely that Y with an ionic radius of 0.089 nfwersus
the sample plane. Both the linewidtfH and the resonance (.112 nm for Sy causes local distortions that enhances the
field H, were measured as a function of temperature and arg|ectron—phonon coupling and the onset of metallic conduc-
shown in Fig. 2. As the sample is cooled from room temperatjgn.
ture,H, andAH remain constant in the paramagnetic state.  The most important features in Fig. 3 are the peakat
The resonance field corresponds t@ aalue of 2.01, eX-  and the large low temperature MR. A similar low tempera-
pected for Mn ions. With the onset of ferromagnetism belowtyre peak and tunneling assisted MR were reported for the
200 K, Hr decreases primarily due to contribution from the granu|ar L@.85SI'0.15N|I"IO3 with the average grain Siz®
shape anisotropy. The linewidth increases rapidly fffm  ranging from 50 to 200 nrif Resistivity data folD =50 nm
down to 130 K and then stays constant with decreasing temshowed a broad peak at 225(kT,) and a shoulder at 280
perature. K (=T,). As D was increased, the peak Bf was progres-
Consider the temperature dependence\bf in the or-  sjvely suppressed and it finally disappeared for the bulk
dered state that shows a 300% increase relative to the pargample(with a very largeD). In order to account for these
magnetic state. An increase ikH is predicted due to va- observations, the authors proposed a model based on the fol-
lence exchange which involves the transfer of electronsowing assumption. The fine grains could be divided into
between MA* and Mrf*, slow or fast relaxing impurities, surface and bulk regions, with the surface spins subjected to
porosity, anisotropy, and eddy curreffs.However, the a relatively weak magnetic interaction due to lack of nearest
300% increase il\H Fig. 2 could only be due spin wave neighbors and, consequently, a much lower ordering tem-
scattering by inhomogeneities. Data on linewidth as a funcperatureT, = T, compared to the interior of the grain with a
tion of temperature is useful for extracting information on Curie temperature 6f,. Theoretical estimates of bothand
the chemical homogeneity of lanthanum manganite films an®iR based on this model were in excellent agreement with
polycrystalline sampleSAny chemical defects can be mod- their data'® We propose a similar phenomenon in the present
eled as spreads ifi; andMg. The linewidth is then the sum LYSMO sample in which magnetic and/or chemical inhomo-
of the intrinsic part and broadening due to spread§mnd  geneities with an ordering temperatife are present. We
M. Thus microscopic impurities, most likely LSMO, cause further argue that the impurities are most likely antiferro-
the broadening of the FMR linewidth in Fig. 2. The most magnetic clusters of LSMO based on the following observa-
significant observation is the sharp dropAid from 130 to  tions. (i) The resistivity peak occurs &t =Ty for LSMO;
200 K, the ordering temperatures for LSMO and LYSMO, (ii) earlier discussion on impurity assisted line broadening of
respectively. Further evidence for LSMO-like impurities FMR (data in Fig. 2 indicate LSMO-like chemical defects in
were obtained from transport data. the sample. The peak in0) at T, in Fig. 3 isnotdue to a
Resistivity (p) measurements were done with the stan-metal—insulator transition. FOF>T,, tunneling of charge
dard four probe technique for an excitation current giA  carriers between the ordered LYSMO regions across the
at 10 Hz. The magnetoresistance MRo(H)—p(0)]/p(0) paramagnetic impurities becomes possible, leading to an
was measured fad =4 kOe. For LSMO, the low tempera- overall decrease ip. Furthermore, the large low temperature
ture p(0) was on the order of P00 cm, p vs T behavior was MR is also an indicator of tunneling assisted electrical
insulator-like, and MR values were quite small. Temperaturdransport.®
dependence g#(0) and MR are shown in Fig. 3 for LYSMO. High-pressure transport measurements were carried out
With Y substitution,p(0) decreases by eight orders of mag- on LYSMO samples to study its effect on magnetic interac-
nitude and a metallic conductivity is observed. With increastions and for an estimate of the internal pressure due to
ing T, a peak inp(0) appears al ;=130 K, and the shoulder chemical substitutions. A Cu—Be liquid pressure cell was
observed aff,=185 K is close to the Curie temperature of used to achieve pressuéss high as 1 GPa and obtain data
200 K. The MR at low temperatures is large, about 30% foras in Fig. 3 for a series of pressures. Three important effects
a static field of 4 kOe and it decreases with increa3inghe  are observed at high pressuréb: p decreases with increas-

observed metallic conduction is of interest sinceing P, (2) the peak afl; and the shoulder af, are broad-
Downloaded 09 Sep 2001 to 141.210.161.192. Redistribution subject to AIP license or copyright, see ﬁttp://ojps.aip.org/aplo/aplcr.jsp
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220 T T T T the present system, however, the ordering temperature in-
- creases from 130 to 200 K when Y is substituted for La.
£ 200 —— T Since the strength of DE is much more sensitive to variations
%‘ 180 b o - T 2 i in 0 t_han any changes.ldMn_o_, it is I|kgly that Y substitu-
= - tion in LSMO results in an increase in bond angle and a
E 160 L R decrease in the bond length, effects similar to the application
g T, of external pressure. One could infer from the data in Fig. 4
Hoq40 | ) . that the 70 K increase in the ordering temperature for
. LYSMO corresponds to 3 GPa of external pressure.
120 . L L L In conclusion, Y substitution in LgSry sMnO; results in
° 0.2 0.4 0.6 08 1 aferromagnetic metallic state. Ferromagnetic resonance and
PRESSURE (GPa) resistivity data show evidence for microscopic inhomogene-
ities, most likely antiferromagnetic LSMO, that causes FMR
FIG. 4. Variation of T, and T, with applied hydrostatic pressurésfor  |ine broadening and a low temperature maximum in resistiv-
LYSMO. The data were obtained fro_m res_lstlylty data as in Fig. 3 for pres-ity.
sures up to a maximum of 1 GPa with a liquid pressure cell.
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