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Electronic and magnetic properties of La  4Bag1CagsMnO;_), thin films

Nguyen Hoa Hong,? Joe Sakai, and Syozo Imai
School of Materials Science, Japan Advanced Institute of Science and Technology, Hokuriku (JAIST),
1-1 Asahidai, Tatsunokuchi-machi, Ishikawa 923-1292, Japan

We investigated the transport and magnetic properties gfRa ;Ca MnO;_ thin films to see

the effect of substitution of the small atom Ca by Ba, which is much bigggr,Ba ;Ca, sMnO;_,,

thin films have been fabricated by a pulsed laser deposition technique. The electrical resistance has
been measured in the range of 20—200 K under the field from zero up to 9 T. Under zero field, at
T~37K, an insulator-to-metdlM) transition was observed, as expected. However, we found that

the magnetic field dependence of the resistivity seems to be anomaloud gjnsleifts to a lower
temperature when the magnetic field is increased and the magnetoresistance at low temperature is
positive. Magnetization measurements imply that in the metallic region, canted antiferromagnetic
and ferromagnetic states coexist. Phase separation is suggeste2D009American Institute of
Physics[S0021-897@0)41708-1

I. INTRODUCTION Lag Bag 1Cay sMnO;_,, (LBCMO) was synthesized by mix-

Recently, the magnetotransport property of perovskitd"d stoichiometric proportions of L&; BaCQ, CaCQ,
manganese oxides has been an interesting topic for marf?d MnQ and then heating in air at 1250°C for 5 h, at
research groups. These oxides,;REAE,MnO; (where RE 1380 °C for 12 h, and at 1390 °C for 20 h with intermediate
is a trivalent rare-earth element and AE is a divalent alkalinfindings. Film deposition 01t100) LaAlO; substrates was
earth element present an exotic magnetoresistaritR) carried out by a pulsed-laser-deposition technique using a
effect, whereby magnetic fields induce large changes in thei@mbda Physik 248 nm KrF excimer laser with 8 Hz repeti-
resistivity. That effect has been the so-called “colossal”tion rate and 1.1 Jichnenergy density. Two series of
magnetoresistanceCMR) and basically explained by Samples, with different deposition conditions, were prepared.
double-exchangéDE) theory. Recent extensive studies haveFor the first series of samples, the substrate temperature was
revealed that the doped manganites show a variety of interl60 °C and the oxygen pressure was 70 mTorr during film
esting phenomena besides the large MR effetsuch as a  deposition(92% O, and 8% @), while those were 800 °C
charge-ordering transition, magnetic field induced insulator@nd 300 mTorr for the second series of samples. After depo-
to-metal(IM) transition, and so on, and it is found that thosesition, films were annealed at 450 °Q-fbh and then cooled

phenomena are rather complex and DE theory seems to (@ foom temperature in the same atmosphere as during depo-
insufficient to explain them. sition. The typical thickness of the films is 1200 A. X-ray
The MR behavior in manganites relates strongly to thediffraction analysis confirmed that all films ageaxis ori-
exchange interaction between two magnetic cations sep&hted. The electrical resistance has been m_easured in the
rated by an anion. The change of size of the A site cation caf@nge of 20-200 K from zero field up © T using a con-
modify the Mn—Mn distance and the M-O—Mn angles’ ventional four-probe method and a superconducting magnet.
For perovskite manganites with a fixedtransport properties The magnetization has been measured by a Quantum Design
including CMR phenomena can be strongly modified bysuperconductlng quantum interference device magnetometer.
changing the combination of perovskite A-site idiRE and
AE). Based on those factors, we have chosen Ba as a dopalit RESULTS AND DISCUSSION
for Lag ,Ca gMNO3_, in order to clarify the role of the size - . .
of the A cations in the magnetic and transport properties, The. variation Of_ electrical resustance of Ba-dopgd
Lag 4Ca gMNnO;_, was selected due to its insulating behaviorL,CMO, films as gfuqctlon of temperatur_e In zero and applied
and beihg adjacent to the region %f-0.5 which has com- fields is shown in Fig. 1. Under zero fle_ld at high tempera-
plicated phase diagrams due to the competition between fefdre. for the sample of thg first series, W'Fh the OXygen pres-
romagnetic(FM) metallic and antiferromagnetiAF) insu- sure at 70 mTorr, the resistance of the film increases as the

lating states. By replacing Ca by Ba which has a mucHeémperature decreases. A transition from an insulating to a
) metallic state, as expected, occurred at about 37 K. By dop-

bigger ionic radius, we expect the transition from an insulat-, "
- : ing only 10% of Ba for LCMO, an IM transition was ob-
ing to a metallic state. ; : .

tained even aH=0. According to the literature reported so
Il. EXPERIMENT far, Lay .Cay MNnO; is an insulator over the whole range of

temperaturé-’ Since the ionic radius of Ba is rather big, the

A Ba-doped L8.,Ca gMnO;- (LCMO) target(2 cm e of Ba-doping is to intentionally induce the chemical

diameter, 4 mm thicknegswith nominal composition ressure inside the lattice to cause the reduction of resis-
tance. In general, the cations with smaller ionic radi{RE,
3E|ectronic mail: hhong@jaist.ac.jp AE) sites of RE_,AE,MnO; cause a big lattice distortion,
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FIG. 2. The temperature dependence of magnetization at 3 T for

Lag By 1Ca MnO;_, thin films (deposited with an oxygen pressure of 70
20 30 40 50 60 70 mTorn and bulk. The inset shows M/ vs T, and the interceptions of the

Temperature (K) dashed lines and axis indicated.

FIG. 1. The temperature dependence of resistivity at various fields for

Lag /B3y 1Ca MNnO;_, thin films deposited with the oxygen pressure(@f . S
70 mTorr and(b) 300 mTorr. resistance is significantly suppresd&MR phenomena In

other words the conductive property can be explained very

well by a DE mechanism. In our films, the applied magnetic
and as a result it reduces the transfer interaction between Mield causes an opposite effect o, . The positive MR was
sites and a one-electron bandwidth in those manganites causlso reported in Ref. 11, but it is observed at the charge-
ing a charge ordering state and simultaneously stabilizes therdering phase transitia@t the paramagneti®R)-FM tran-
AF spin structuré:* Ba-doping induces the chemical pres- sition, the MR is negative as expected from DE theéofhe
sure in this manner to relax the lattice distortion and enabléendency of a magnetic field dependencelgf, as well as
the IM transition. the positive MR observed in our films, cannot be explained

When the magnetic field is increased, th€T) curve in terms of a DE mechanism.

shifts towards the low temperature side. In other words, the  According to DE theory, the material used to be FM
transition temperatureT(y,) decreases as the magnetic fieldswhen it was in the metallic state. Therefore, we supposed
increasegT;,=28K at 9 T) while the peak height of the that we may find a FM transition &t,, from magnetization
p(T) curve remains almost the same. WHer T\, the MR measurements. The magnetization vs temper&tdi@) | vs
is negative, when it is somewhat beldw, the MR is posi- magnetic field M(H)] of LBCMO films are shown in Figs.
tive. We notice that there is no big difference between the2 and 3a). M(T) of the film does not show any bulk effect
p(T) measured on warming and cooling. The bottom panebf the FM phase and no sign of change from PR to FM could
in Fig. 1 shows that when the oxygen pressure is increaselde observed as we(the curve is monotonous and the mag-
up to 300 mTorr, under the application of a higher field, thenitude is very smaJl We may say that the volume of the FM
resistance of the film is suppressed a bit, but the tendengyhase is rather small. Besidéd,(H) curves give some evi-
that T, shifts towards the low temperature side and the posidence for the existence of a canted antiferromagr€icF)
tive MR under the application of a higher field were obtainedstate not only above but also beldly,, (this is in accord
again. This effect has also been observed inwith the negatived which can be referred from the inset of
Lag 4888 0sCa sMNO;_, thin films which has been reported Fig. 2). To explain the magnetic phase of the metallic region
elsewherg as well as in L84Sl 1CasMnO;_y thin films  in our film, we presume two possibilities. One is that the
with different fabrication conditions. For LBCMO thin films metallic region may be in an AF statie fact, an AF metallic
postannealed at 800 °C for 10 h in the oxygen atmospheretate was discovered recentfybut even in this case we still
however, there is no IM transition under=0 and under an may expect some change in magnetization at an IM transi-
applied magnetic field the resistance is suppressed drasticallipn thus the experimental results suggest that the volume of
as a normal CMR effect. These facts show that the anomahis AF metallic phase is very smallAnother assumption,
lous behavior is a rather universal one, however, it seems tahich seems to be more persuasive, is the possibility of
depend sensitively on the fabrication conditions. Referring tsmall FM domains. To clarify the intrinsic magnetic proper-
other reports concerning this kind of matefidi*’ not only  ties of LBCMO thin films, we examine the magnetization of
in La—Ca—Mn-0 systems but also in other manganites, theBCMO bulk (a piece cut from the targetvhich is also
application of a magnetic field usually enhandgg and the  shown in Figs. 2 and(®). M(H) of the bulk sample at 250
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the conductivity of the material. The coexistence of CAF and
FM domains in LBCMO thin films seems to be related to the
so-called “phase separation” for compositions which are
near to the critical poink=0.5 which was mentioned by
Moreo et al®

IV. CONCLUSION

We have obtained the insulator-to-metal transition in Ba-
doped LCMO thin films that were grown by the pulsed-laser-
deposition technique. This effect is expected since the de-
crease in resistance is supposed to be caused by the effect of

Magnetization (emu/g)
(=)

63 b) bulk the big radius of Ba ions, but what is more surprising is the

1 T=250kK anomalous response of the system to the magnetic field.
] When the magnetic field increaseBy, shifts to a lower

43 temperature and positive MR was observed. These cannot be

33 explained by DE theory. Besides, our results imply the co-

existence and the competition of CAF and FM states at a low

] temperature region and it may be the evidence of phase sepa-
1 ration which has been claimed for the magnetic properties of
manganites withk~0.5.
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