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Paramagnetic anomalies above the Curie temperature and colossal magnetoresistance
in optimally doped manganites

S. L. Yuan! J. Q. Li2 Y. Jiang! Y. P. Yang! X. Y. Zeng! G. Li,* F. Tu! G. Q. Zhang' C. Q. Tang' and S. Z. JiA
!Department of Physics, Huazhong University of Science and Technology, Wuhan 430074, People’s Republic of China
Department of Physics, Wuhan Automotive Polytechnic University, Wuhan 430070, People’s Republic of China
3Structure Analysis Centre, University of Science and Technology of China, Hefei 230026, People’s Republic of China
(Received 5 April 200D

MagnetoresistancéMR) and paramagneti¢PM) resonance experiments for (LgY,),:Ca,;sMnO; (X
=0.15 and 0.2 show that associated with PM anomaliesTat T,,,se, the MR becomes observable, espe-
cially, both MR and resonance linewidth exhibit similsdependent behavior in the temperature range of
Tc<T=<T,.ser» SUggesting the evidence of the same underlying origin for both MR and PM anomalies. We
argue both PM anomalies and sizable MR to be due to a substantial increase in the volume fraction of the more
conductive ferromagnetic domains.

The discovery of colossal magnetoresistaf€dR) in magnetic fields oH=0 and 5 T for both samples. From the
mixed manganese oxides 13B,MnO; (B=alkaline-earth  zero-field curve, it can be seen that each sample at high
cation has aroused renewed interest in these systditsas  temperatures exhibits an activated insulating behavior and
been generally found that for the optimally doped oxidesundergoes a transition to metallic behavior at low tempera-
(x~1/3), the largest CMR effect appears near the insulatortures. The transition temperatlife is approximately deter-
metal(IM) transition, while the transition is accompanied by Mined to be~127 K and~91 K for samples ok=0.15 and
a simultaneous paramagnetic-ferromagn@®il-FM) transi- ~ 0-2, respectively. The application of the magnetic field
tion at almost the same temperatiie., the Curie tempera- clearly shiftsT¢ to a higher temperature and causes a sub-
ture Tc). Therefore, one believes that both the IM transitionStantial reduction |n.re3|stance. This re;ults in the so-called
and the CMR are magnetic in origin. Traditional understand-C'vIR effect. We define the magnetoresistafié®) as
ing of transport and magnetic properties is generally based
on the double exchang®E) mechanisnt. However, theo- R(T,H=0)—R(T,H)
retical consideratiorfsndicate that the DE mechanism alone MR= R(300 KH=0) (1)
could not quantitatively account for the observed transport '
properties, and other effects should be included. Electron-

phonon coupling, small polarons, magnetic polarorfs and 200 —1200

spin polaron$ have been commonly invoked in discussing

the transport behavior in the manganese perovskites. Nevel 150 150

theless, understanding the cause of CMR is still a matter ol ~

controvery. In the present work, we report magnetoresistance< 190 100 E

measurements along with electron paramagnetic resonancs

(EPR experiments for (La ,Y ,)3Ca,sMnO; (x=0.15 50 50

and 0.2. It is found that in the anomalous PM regime, the

MR shows aT-dependent behavior similar to that for the

resonance linewidth against temperature, providing an im- ge} . . . . . %500

portant clue to the understanding of CMR. 700 x=02 g
Ceramic samples with nominal composition of - — 2000

(Lay —«Yy)23Ca,sMn0O3 (x=0.15 and 0.2were prepared by 600 .

the standard solid-state reaction. The phase purity for eacl. 5%°[" - 1500

sample was checked by x-ray powder diffraction and no spu-£ 400 |- 1 g

rious phase was found. Resistar{i& as a function of tem- :’ 300 - — 1000 %

perature was measured in applied magnetic fieldsl ef0 200 - 1

and 5 T by thestandard four-probe method. EPR experi- : 500

ments were performed at 9.46 GHz using a BrukeR- 1o T

200D-SRQ reflection X-band-type spectrometer at various 0 . o

constant temperatures by sweeping the magnetic field from ( 0 5o 100 150 200 250 300

to 6000 Oe. The temperature for each measurement was con- T

trolled to an accuracy of0.1 K using the Bruker ptem- FIG. 1. R versusT curves of (La_,Y,)2:CasMnO 5(x=0.15

perature controller. and 0.2 measured in magnetic fields of 0 and 5 T. The MR as a

Figure 1 shows thé&-versusT dependence measured in function of temperature is also showmght-hand axis
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FIG. 2. EPR spectrum as a function of temperature for

FIG. 3. MR as a function of temperature together vAtH , ,(T)
(Lal,XYX)Z/SCQ/SMnO?, (X:O].S and 02

obtained from EPR experiments for (LgYy)23Ca,sMNO 3 (X

The thus obtained MR as a function fis also plotted in 1% and 0-2

Fig. 1 for the field ofH=5 T. We can notice that the MR
becomes observable only at the intermediate temperature re-180 K (=2T) for x=0.2, respectively. For each sample,
gime nearT: and negligible outside this range. At the inter- the resonance spectrum at high temperatures consists of a
mediate temperature regime neéig, the MR substantially single line with a Lorentzian line shape. With decreasing
increases upon cooling, reaches the maximum @, and  temperature, the resonance field remains constant, the deriva-
then sharply decreases upon further cooling. The largest MRve signal intensity greatly increases, and the peak-to-peak
values are estimated to be2x 10°% and~2.3x 10°% for  linewidth AH,, becomes narrow. The symmetric signal with
x=0.15 and 0.2, respectively. One can also notice that théhe Lorentzian line shape is maintained at the temperature
MR showsT-dependent behavior similar to that for the zero-Tonser. Below this temperature, some distortions in reso-
field R againstT, suggesting the same underlying physicalnance behavior occur: the signal does not keep symmetry
origin for both the CMR and the IM transition. any longer, the resonance line broadens substantially, and the
Since the IM transition is shown to occur near the Curieresonance field clearly shifts to a lower value. These obser-
temperaturé there is every reason to believe that the transivations suggest that the real PM region corresponds to a
tion is of magnetic origin. Previous investigations on mag-temperature range dt> T, s, but in the temperature range
netic properties have generally placed emphasis upon meaf Tc<T<Tg,se, the anomalous PM phenomena occur.
surements of magnetization below and susceptibility abov&imilar anomalous PM behaviors were previously also
Tc. From these measurements, one concludes that the opI:ibserve&i“’15 below ~1.04T - and ~1.2T for both samples
mally doped system shows PM behavior abdye. How-  of Lay;sSrsMnO; and Lg;CaysMNnOs, respectively.
ever, the question of the ground stateTat T¢ is subtle. It One can notice that the only difference in systems men-
has been commonly proposed that the Mn-based oxides witlioned above is the averagesite ionic size(r ) which in
perovskite-related structures can accomplish a dynamiturn controls the bandwidtfW) of the conduction band. Our
phase segregation that may creat domains of short-range FMsults along with the previous observations on both samples
ordering within the PM matriX. As a result, the magnetic of LaysSrMnO; and LgCagMnO; seem to show that
heterogeneity would be introduced into the system. The medhe relative onset temperaturé,(,se/ Tc) for the occurrence
surement of scanning tunneling spectrosc@®yS directly  of PM anomaly increases substantially with narrowig
domenstrates the coexistence of PM and FM regions neddn the other hand, the MR is commonly shown to increase
T .2% Experiments, such as neutron scattefridand small-  substantially with narrowingV. Also, it is interesting to no-
angle neutron scatteriigmeasurements, give an evidencetice that theT,,se; determined from the anomalous PM is
for the presence of magnetic heterogeneity abbyef this  almost the same as the temperature below which the MR
is present, it can be checked with the help of the EPR techbecomes observable. These facts indicate some correlation
nique because of its sensitivity to magnetic heterogeneity. between the MR and the PM anomaly. Such a correlation
Shown in Fig. 2 are EPR spectra measured at variousecomes clearer if one plots both MR ahi ,, as functions
constant temperatures for both samples. It seems that theoé temperature in the same figure, which are shown in Fig. 3
exists a distinguishable temperatdig,s.;. This temperature for both samples studied here. It can be found thét,,
is estimated to be~220 K (=1.7T¢) for x=0.15 and decreases almost linearly with decreasingind reaches a
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minimum atT,,ser- 1tS physical origin has been discussed inregime. It is reasonable to suppose the conductivity to be
Ref. 16: it is explained as being caused by both spin-latticenetallic within the FM domains and insulating in the “PM”
and exchange-narrowing spin-spin interactions. When terregions. When temperature is decreased, the volume fraction
perature is decreased frofnser, One finds thatAH,, in- of the more conductive FM domains increases, SO fchat they
creases anomalously with decreasing temperature. On tfieuch to each other beloWc. As a result, a transition to
other hand, a substantial increase in MR occurs in the temhetallic behavior occurs beloWc . NearTc, applying the
perature range of c<T<Tgneer It iS interesting to find that  field accelerates the growth of the domains in size, resulting

in the anomalous PM regime, the MR show3-dependent in CMR. The feature mentioned here is in agreement with
behavior similar to that fodH,,, againstT, indicating the STS experiments. STS measurements directly demonstrate

evidence for the same underlying origin of both CMR andthat both metallic and mslulatlng regions coexist in 'ghe Sys-
PM anomaly. tem nearT., and a considerable fraction of insulating re-

Manganese perovskites contain both ¥nand M gions can be converted into metallic regions on the applica-

ions. Because of the DE, Mh ions are ferromagnetically tion of magnetic fields® .
. . o In summary, both MR and anomalous PM behaviors have
coupled to adjacent M ions to form Zener pairgi.e.,

“Mn 3*-Mn**” pairs). At high temperatures, these pairs are been experimentally studied for (18,Y)z5Ca,sMnOs (x

isolated and hence the system is still PM as a whole. Good?o'15 and 0.2 We explain both the MR and the PM

enough and Zhducalled it superparamagnetiéPM” for anomalies observed beloly,,s.:t0 be a result of substantial

shor} to distinguish it from conventional PM systems. As is m;;i?jsgn 'g_rtgee):m;?imeenirsacé'onl ?Io thﬂ:fegmed&g%ns‘
well known, manganese perovskites can accomplish a dy- P : ' P

namic phase segregation that makes Zener pairs conden@%. dye to a perc_olgtlon Of metallic FM domains. .To our
into FM domains within the “PM” matrix. As long as no opinion, however, it is also likely to explain the experimental

magnetic correlation exists between the domains, the syste servations on the t_)a_5|s of a network pf magnetic coupled
is still “PM.” On cooling, the FM domains grow in size, or junctions, each consisting of a PM region sandwiched be-

equivalently, the separation distance between adjacent déﬁ%}aﬁ\g I;,r\g ((jj%@?(l)ntsr;;n;\bljccza ﬁﬁr]enggg&;gen?g:eég?ndam\sﬂ
mains becomes shorter. On cooling beldyhse:, the FM ping '

domains themselves are no longer isolated, and one needséfgd the MR is due to the increase in the FM coupling be-

consider the FM coupling between them. Because of the co ween the domains that is favorable for the charge carriers to

pling, the system does not show “PM” behavior any longer, unnel from one domain to next.

leading to the occurrence of some distortions in the reso- This work was supported by Trans-Century Training Pro-
nance behavior. On further cooling below, the domains gram Foundation for the Talents by the Ministry of Educa-
tend to touch, so that the system enters a long-range FMon.
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