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Systematic studies on Pry ;Srg3-,Ca,MnO3, PrySro.4—,Ca,Mn0Os, ProsSros_.Ca,
MnOs, and Cr-doped Pry Srg.4(Mn, Cr)Os reveal distinct origins of the magnetoresistance
in Pr-based manganites. For Pry 7Srg3-,Ca,MnOs and Pry¢Sry.4—,Ca,MnOs, the sharp
enhancement of the magnetoresi stance ratio (MR) around the ferromagnetic transition temper-
ature (T.) indicates apercolative field-induced transition. For Pry 5Sry 5_.Ca,MnQOs, the MR
peak appears & the charge ordering temperature instead of T, and the low-field MR shows a
different behavior from those of Pry 7Sry 35—, Ca,MnO; and Prg Srg.4—,Ca,MnOs, suggest-
ing that the relaive population of ferromagnetic and antiferromagnetic domains governs the
temperaure dependent MR behavior. For Cr-doped Prg ¢S4 (Mn, Cr)O3, the metd-insulator
transition is shifted to alower temperature with an enhancement of MR. Remarkably, it retans
a weakly temperature-dependent character, which may be correlated with the spin scattering
mechanism due to the presence of Cr-impurities.

PACS. 75.50.Cc — Other ferromagnetic metals and alloys.
PACS. 75.50.Gg — Ferrimagnetics.

I. Introduction

The (Re, A) MnOs (Re = rare earth dements, A = Ca, S, Ba) perovskites exhibit compli-
cated magnetic and structure phases depending on the doping concentration [ 1]. The coincidence
of the ferromagnetic trangtion temperature (T;) and the insulator-metd trangtion temperature
(Twm) was explained by the double exchange model, which was improved later by incorporating
the Jahn-Tdler effect [2]. On the other hand, the discovery of the colossal magnetoresistance
(CMR) in these compounds has raised interes regarding its potentid gpplication for magnetic
sensors or devices However, several obstacles have been encountered during the past decade.
Fird, the high magnetoresstance ratio (MR) is only available at low temperaures, and attempts
to incresse T, dways lead to a reduction of MR [3]. Second, the high coercive fidd (> 1 T) of
CMR oxides makes them less promisng for low-field sensors [4]. Third, their strong temperature
dependence character reaults in an unstable dectronic Sgnd for magnetic devices [5].

Many efforts have been made to overcome these obgades It was reported that poly-
crystaline samples with larger grain Sze exhibited a higher MR than those of single crygals [6].
Magnetic field dependent studiesreveaded that the grain boundary effect was especid ly sensitive to
low fidds [6, 7]. However, the underlying mechanism for the grain boundary effect, i.e. whether
it is spin tunneling [6] or spin scattering [8], remains unclear. On the other hand, based on the
percolative character exhibited in CMR oxides [9], an enhancement of room temperature MR was
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achieved [10]. Composites such as Lag7Sro.3MnOs/glass [11] and Lay 3511 ,3MnO3/Ce0; [12]
have been made to demonstrate a field-induced percolative transition. Other methods, such as
the tunndling junction were also invented to demonstrate the spin tunnding effect [13]. For these
devices, high quality CMR films are demanded for further improvement. To date, although various
CMR mechanisms have been proposed, a complete modd is gill lacking for the description of a
universd reation between the underlying effects and the corresponding compounds

Here we report on a sysematic study of four series of Pr-based manganites Our results
indicate that the MR behavior for different sysems can be classified into three kinds. Fird,
for Pro.7Sr0.3—2Ca;MnO3 and Pro¢Sro.4—yCa,MnG;3, the MR vs. temperature (T) releion is
dominated by ther percolative nature. Second, dthough MR(T) of Prg5Sro5—.Ca,MnOs shows
percolative features, its origin is atributed to the competition between ferromagnetic and anti-
ferromagnetic domains. Regarding the ionic size-effect (average ionic size of (Pri—.(Sr, Ca).))
on charge ordering, the MR(T) of Prg.5Sry.5—.Ca.MnOs shows a different behavior from those
of the Pro.7Srg.3—Ca,MnO3 and Pro.¢Sro.4—, Ca,MnO3 systems. For Cr-doped compounds, the
insulaor-metal trangtion is induced a a lower temperature, but the MR does not show a cor-
responding pesk a Ty,. Therefore, not only is MR enhanced in Cr-doped compounds, but the
weak temperature dependency is dso retained. Overall, we have identified three different kinds
of underlying CMR mechanisms for various Pr-based manganites.

II. Experiments

Samples of Pro.7Sr0.3—.Ca,MnO;3, Prg6Sro.4—,Ca,MNnGs, Pro5S0.5-.Ca.MnO3 and Cr-
doped Prg.6Sr0.4(Mn, Cr)O3 were synthesized by the solid gate reaction of high purity powders of
PrsO11, SYCO3, CaCO3 Cra03 and MnCOs. PrgO;; powder weas first dried a 950°C for 3 hours
and then mixed with other powders in appropriae ratios. The mixed powders were well-ground,
pelletized, and heated at 1100°C to 1400°C for 16 hours. The high temperaure treatment was
repeated three times. All compositions were identified as single phases by their X-ray diffraction
(XRD) patterns. The structures of Prg.7Srg3-,Ca,MnO3 and Prg 6Srg.4—,Ca,MnO3 were inves:
tigaed by Rietved refinement based on the XRD profiles and the detaled structure data have
been published dsewhere [14]. Redstance R is messured using the standard four-point method
and MR is defined as[R(0)- R(5 T)] / R(0) x 100%.

III. Results and discussion

Figure 1 displays the resstivity vs temperature T for Pro;Srg3_,Ca,MnO3; with z = 0
to 0.3. This indicaes tha the insulating to metallic (M-l) transition temperature decreases with
increasing x, and there is no M-I transition for z = 0.3. Fig. 2 and 3 show the MR vs. T for
Pro.7S0.3—2Ca;MnO3 and Pry ¢Srp.4—,Ca,MnOg, respectively. Arrows in both figures indicate
the corresponding curie temperature T for each curve. It is obvious that the pesk position of each
MR(T) curve coincides with T¢ in Pro7Sro3—-Ca;MnOs. For Prg6Srg.4—,Ca,MnO3 it appears
a a lower temperature than their corresponding Tc, however, the deviation is less than 10 K for
dl curves. 1t is noteworthy, MR(T) for y = 0 has a week temperature dependence. For both
Pro.7S0.3—2Ca;MnO3 and Prg 6Srg.4—,Ca,MnOs systems, the peak value of the MR incresses
and T decreases with increasing Ca concentration. Recent gudies have indicated that, for CMR
oxides with low T¢'s, the transport behavior is percolative in character and can be expressed by
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each curve.

the formulation of the effective medium theories for binary insulator-meta mixtures [9]. The
percoldive trandtion is conddered to be sendtive to the rdative populaion of insulating and
metallic domains, and the population has been corrd ated with their magneti zation [9]. Therefore,
afield-induced percoldive trangtion is only observed in the temperature region where the relative
population of insulating and metallic domai nsis near the percolation threshold. AsshowninFigs. 1
and 2, for both Pry 7Srg 3_,Ca,MNnO; and Prg S 4—,Ca,MnO3, the MR is enhanced greatly in a
narrow temperature region around T ¢, whichi s qualitatively consigent with a percolative character.

Figure 4 showsthetypical evolution of MR(T) with different magnetic fiddsfor Prg5Sro3—-
Ca.,MnGOs with z =0.2. For H > 7.5T, the charge ordering state is collgpsed and a nearly 100%
MR is obtained a |ow temperaure. Interesingly, for H < 5 T, the MR has high vduesin a
narrow temperature range around T (175 K) instead of around T (235 K), which suggests that
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MnO; for comparison. The inset shows

the magnetic fidd effect (H = 5T) for
Pro.6Sr0.4Mng 95Crg 0503.

the fidd-i nduced percolative transition is more sensitive a the charge ordering (antiferromagnetic)
transition rather than at the ferromagnetic trandtion. For H = 1 T, a slight enhancement of MR
is observable at 235 K, demonstrating that the percolative natureis still effective at T.. However,
the fact that the peak vaue of MR(T) under 1 T is much larger & T than at T suggests that
the fidd-induced percolative transition is more effective near the boundary of ferromagnetic and
antiferromagnetic domains.

As we have mentioned, the sensitivity of the fidd-induced percolative trangtion is deter-
mined by the reaive population of insulating and metalic domains. For Prg5Sr0.5—.Ca.MnQOs,
our earlier work has shown that the reative population depends crucidly on the Ca concentration
[15]. The result that the thermd hysteresisis larger for z = 0.3 and 0.4 than that for z = 0.1
and 05 indicates tha the rdative ferromagnetic-antiferromagnetic population is not a monotonic
function of z. Thecritical behavior also manifestsitself in Fig. 5. In contrag to the MR(T) shown
in Fig. 1, a stronger competition between ferromagnetic and antiferromagnetic domains for z =
0.2 and 0.3 resultsin alarger MR vaue than that for z = 0.1 and 0.5 at ther corregponding Teo
(Teo = 170, 180, and 240 K for z = 0.1, 0.3 and 0.5, respectivdy).

More interesting MR behaviors are observed in Cr-doped Prg Srg.4(Mn, Cr)Os as shown
in Fig. 6. Although Cr3* has the same dectronic configuration as Mn**, it has been reported
that doping Cr into L&y 7Cay.3sMnOs interrupts the double exchange interaction [ 16]. Namdy, the
Cr dopant acts as an impurity and destroys the interaction between the Mnt-Mn** networks
Theinset of Fig. 6 shows the typical field-dependent p(T) for Cr-doped Pro 6Sro.4(Mn, Cr)Os. As
expected, R incresses and the insulating to metallic transition temperature T,,, decreases to 201 K
by Cr-dopi ng in Pro.6Sr0.4Mng 95Cro.0503 (Tm =250 K for Pro.6Sro.4M n03). The magnetic field
of 5 T reduces the resistance to alower value and shifts T, to 217 K. Surprisingly, as shown in
Fig. 6, when converting to the MR value, it does not show a peak corresponding pesk to those
observed in Figs 2 and 3. Similar effects also aoply for Pro.6 St9.4Mng.9Cr.10s, its Ty, reduces to
170K for ahigher Cr concentration; however, the MR shows no pesk around 170 K. Remarkably,



574 TEMPERATURE-DEPENDENT MAGNETORESSTANCE IN - -- VOL. 40

the weakly temperature dependent MR behavior in Prg ¢Sro.4MnOs (shown in Fig. 6 and dso in
Fig. 3 for y =0) is also exhibited by the Cr-doped compounds. These unusud behaviors indicate
that the percolative nature does not dominate in the Cr-doped compounds; indead, spin scattering
due to Cr dopants must play an important role. Recently, the impurity-substituted manganite
Ndo.5 Cag.5(Mn, Cr)Os has been proposed to behave as a relaxor ferromagnet [17], i.e. the Cr
impurity serves as an independent ferromagnetic microembryo and grows with increasng externd
fidd. From this point of view, an extra temperature-independent term due to Cr-scattering should
be added to the origind MR vs. T relation. Although the metallic character, via the double
exchange between M3+ -Mn*+ networks, i s destroyed by the Cr dopant, the metdlic state can be
gradudly recovered with decreasing temperature, and the insulator-metd trangtion is driven by
a diffusive connection of such ferromegnetic-metalic microembryos. Further work is required to
characterize the unusud behavior of Cr-doped Prg 6Srg.4(Mn, Cr)Os.

IV. Conclusion

Our studies on the temperature dependency of MR in Pr-based manganites reved three differ-
ent features for different compounds First, for Prg 7Srg.3—>Ca,MnOs and Prg.¢Srg.4—, Ca,MnGs,
the fidd-induced percolaive effect can yidd alarge MR around T¢. Second, for a system with a
charge ordering transition (such as Prg 5Srg.5—.Ca.MnO3) the MR is more sensitive at T¢o than
a Tc and is crudally dependent on the rdative population of the ferromagnetic and the antifer-
romagnetic domains. Third, for the Cr-doped Pry¢Srg 4(Mn, Cr)O3, the MR can be increased
by adding Cr impurities, and the feature of weak temperaure-dependence in Prg ¢Sro.4MnOs is
preserved in the Cr-doped compounds.
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