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The ferromagnetic compound 4.a;,Ca . 3,MNn30,¢ with a triple perovskite structure can be
successfully synthesized by using a thin-film growth method. Sputtraxis thin films with x

=0.3 have been examined with respect to their magnetotransport properties. For the triple
perovskite compound, we have observed the features, including the enhanced magnetoresistene
(MR) effect and the characteristic low-temperature MR effect resulting from intragrain
spin-polarized tunneling, which were reported for the double perovskite manganites. A comparison
of the magnitude of these features in triple and double perovskite manganites suggests that the
features are actually determined by thxaxis Mn—O bond configuration in a layered-perovskite
ferromagnet. ©1997 American Institute of Physid$S0003-695(97)01832-9

The colossal magnetoresistan@MR) effect in rare- direction, therefore, the degree of dimensionality can be
earth manganese perovskites has aroused considerable interedified by the use of higher-ordem$2) compounds.
est in scientific studies and potential technological applicaWith a view to a further and quantitative understanding of
tions. The magnetic and electronic properties of the c(dnic the effect of dimensionality on these features, it is of funda-
pseudocubir perovskites Lp_,M,MnO; (Ln being rare- mental importance to prepare layered-perovskite compounds
earth ions and M divalent cationsuch as La_ ,CaMnO;  with higher-order polytypes. However, this is expected
and La_,Sr,MnO;,*~" with three-dimensional Mn—O net- to be difficult to achieve using bulk processes, because the
works (isotropic MnQ octahedr have been examined intergrowth of other order polytypes can occur in
within the framework of the double exchange thebdy, A, ,;Ti Os,., (A=Ca, Sy.20%
which considers the transfer of an electron between neigh- In this letter, we report results on the successful prepa-
boring Mr?* and Mrf* ions through the M—O-Mnpath. ration of the triple perovskite n(=3) compound
However, recent theoretical and experimental stdffiéd La,_5,Ca . 3,MNns0y, by means of a thin-film technique. We
have suggested that, in addition to the double exchangexamined the magnetic and transport properties of the sput-
theory, some other effects, such as those relating to static @reda-axis thin films withx=0.3. We found that the several
dynamic lattice distortions of the MnOoctahedra, are remarkable features reported for double perovskite mangan-
needed to understand the interplay between the carrier tranges can also exist in the triple perovskite compound. A com-
port and the spin arrangement. Although studies have showparison of the magnitude of these features for the triple and
that the microstructure of the Mn—O network plays a crucialdouble perovskite manganites indicated that the Mn—O bond
role with respect to the CMR effect, the exact role of theconfiguration in thec-axis direction determines these fea-
Mn—O microstructural networks in CMR perovskites re- tures in a layered-perovskite ferromagnet.
mains unclear. In the early stages of this work, we tried to prepare bulk

Recent studies have investigated the effect of the dimensamples of the triple perovskita € 3) compound by using a
sionality of the Mn—O networks on the magnetic and transtonventional bulk ceramic process under several different
port properties in CMR perovskites through the use of seveonditions. Although we prepared the samples with a com-
eral sample forms of double perovskite compounds oOhosition of La_3,Ca .+ 3,Mn30y, all the bulk samples con-
(La—M)3MNn,0; (M=Sr, Ca.**"**It has been reported that tained a large proportion>80%) of the double perovskite
double perovskite manganites exhibit remarkable features ifbompound. We then moved on to sample preparation using a
cluding magnetoresistand®R) ratio enhancement, aniso- thin-film method of a single-target magnetron sputtering
tropic transport in charge carriers, existence of two types ofgchnique. The sputtering conditions we employed here were
ferromagnetic exchanges, a possible two-dimensional spigimost identical to those used for thin films of
configuration, and the characteristic low-temperature MR efLaz, «Cay 1+ 2yMN,05, except for the target matericdompo-
fect resulting from intragrain spin-polarized tunneling. All sition). Targets were 70 mnb disks with a nominal compo-
these features could be essentially related to the series @fiion (La1Ca gMn30,). The target materials themselves
alternating Mi—O—Mn and Mn-O-O-Mrbonds in the  ¢qnpsisted of a mixture of double and triple perovskite phases.
c-axis (out-of-plang direction. Since the double perovskite Thin films 100—200 nm thick were grown on Mg@®01)
compound of(La-M)sMn;O; is a member 1§=2) of the  gpstrates whose temperatures were in the 700-750 °C
Ruddlesden—Popper pha&es having the generic formula range. Compositional analyses were performed using energy
An+1BnOsn+ 1, the Mn—O bond configuration in theaxis  gispersive x-ray microanalysi€€DX), which indicated that
the compositions of the obtained films were nearly identical
3Electronic mail: asano@numse.nagoya-u.ac.jp to the nominal one within the accuracy-@%) of EDX.
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FIG. 2. Temperature dependence of resistivigyfor a thin film of
Las_3,Ca ; 3,Mn304, (x=0.3) under various magnetic fields.

FIG. 1. Crystal structure and layer sequence of triple perovskitetivity p under various magnetic fields for a thin film of

Lag_34Cay 1 3Mn30;. Lag_»,Ca , 3xMn304,. In the zero field, there is a peak in
the p—T curve at 184 K with metallic behavior below

Film orientation in both the out-of-plane and in-plane direc-and semiconducting behavior above this temperature. Here-

tions, phase identification, and lattice parameters were deteffter, the peak temperature in resistivity is referred to as
mined using x-ray diffraction analysis with a four-axis goni- Tp - The T;**value of the Lg_3,Ca; . 3xMn30;0 (184 K)
ometer. In the diffraction spectra of thin films grown on falls between the values reported for,L8,Ca, . »Mn;0;
MgO (100 under the above deposition conditions, only (133—140 K and La_,CaMnO; (230-240 K with an
(L0O) reflections were present, indicating that the films grewdentical carrier concentrationx0.3). The resistivityp
with their a-axis normal to the substrate surface. Fourfoldof the thin film at 4.2 K is 8 ik cm. This p value for
symmetry was revealed fromp-scan (in-plane rotation  L@s-3xCa+3xMn30;o also falls between the values we
analysis, indicating that tha-axis films were ordered in the Previously reported for La ,,Ca; . 5Mn,0; (30 m() cm)
plane and consisted of two domains, rotated at 90° to eacnd La-xCaMnOs; (0.3 m() cm) thin films with an identical
other, in the film plane. These diffraction data gave us lattic&arrier concentration(=0.3).
parametersy, Co, andcy/a, of 0.3867 nm, 2.680 nm, and The temperature dependence of the MR ratid p/pg
6.930, respectively. This,/a, value indicates that the phase for Lag_3Ca 1 3xMn30yq thin film is derived from the data
of the thin films is a triple §=3) perovskite, whose crystal in Fig. 2, and is shown in Fig. 3. The MR ratio is defined as
structure is shown in Fig. 1. —Aplpo=—(p11—Ppo)/po (Wherep,r and p, are the resis-
To our knowledge, nothing has been published to datdivity in an applied magnetic field of T and the zero-field
on the phase stability of compound (La—Ga)Mn,Os,+ 1 resistivity, respectively The MR effect is observed over a
with n=3, 4, etc. Our preliminary results reveal that samplegvide temperature range from a low temperature-@40 K.
prepared by a bulk sintering method contained a large prol? the MR-T curve, the MR shows a maximum negf'™,
portion of the doublerf=2) perovskite compound in coex- and the maximum MR ratio is 61%. When this maximum
istence with a very small amount of the triple perovskite ( MR ratio is compared with our thin-film data for
=3) compound, even when the samples were prepared with®2-2xCa1+2xMn;0; and Lg_,CaMn;0; with an
a composition of Lg3,Cay ; 3,Mn30, . It is our belief that identical carrier concentratiorx&0.3), this value lies be-
the problem of phase stability is sufficiently severe that théween those93% and 50% for La,_5Cay - 5,Mn,0; and
single phasen=3 compound cannot be prepared by bulk
preparation methods. However, this compound can be pre-

pared by a thin-film growth method. The conditions for the OO T
formation of then=3 compound by a thin-film method dif- C ]
fer in at least two essential aspects from formation by a bulk sor 7
method. First, the growth temperature of the thin film is low S L ]
(~700°C) compared to the bulk formation temperature. . 60 ]
Second, the geometry of the deposition process is different < 7 kY g
. . < 40 ) -
from the bulk geometry of the sintering process. These fac- < i E
tors might be favorable in terms of stabilizing the single 20— Ey k
phasen=3 compound, although the precise mechanism for o \  H=IT ]
stabilizing the triple perovskite phase using a thin-film P P T D S Nt
method is unclear at present. 0 50 100 150 200 250 300

: e . T t K
The electrical resistivity was measured as a function of emperature  (K)

tempe_rature and_ magnetic flel_d using the standa_rd four-p0|rIL_t|G. 3. Temperature dependence of the MR ratia\p/pg) in H—=1T for
tech_nlque. The field was applied parallel to the film surfacga thin film of La_5,Ca . 5MnsOy (x=0.3). The MR ratio is calculated
In Fig. 2, we show the temperature dependence of the resisom the data in Fig. 2.
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interpreted in terms of the-axis exchange interaction. The

MR effect nearT ;™ can be explained by the spin dependent

electron hopping mechanism predicted by the double ex-

change models. In these models, it is evident that a stronger

exchange interaction can cause an enhanced effective trans-

fer interaction in the charge carriers, which results in a low-

ering of the MR ratio via the weakened effective coupling

between the local spin and the charge carrier. In contrast, the

low-temperature MR effect can be understood by the intra-

grain (intrinsic) spin-polarized tunneling through the insulat-

ing Mn—O-0O-Mnbond. The large difference between the

MR ratios (at 4.2 K) for then=3 (16%) andn=2 (50%)

thin film suggests that the transfer interaction in thaxis

FIG. 4. Normalized resistivityy, / p, and magnetization as a function of direction has considerable influence on the low-temperature

applied magnetic field at 4.2 K for a thin film of ka;,Ca, , 3,Mn30,4 (X MR effect.

_:0.3). These data were o_btained after an initial application of a m_agljetic In conclusion, we have succeeded in preparing a triple

field of +1.8 T, and sampling cycles are shown as arrows. The solid lines . _

are drawn only as a guide to the eyes. perovskite (1_' 3). Compoﬁmd La 3,Cay 1 3Mn30y0 by
means of a thin-film technique. We found that the features
reported for the double perovskite manganites also exist in

La; _,CaMnO;, respectively. The MR shows a relatively triple perovskite manganites. It is apparent from the trends

sharp decrease with decreasing temperatures80 K, and observed in the (La—Ca);Mn,O3,.1 Series compounds

displays a gradual decrease with decreasing temperaturéat there is a clear correlation between the dimensionality

down to 4.2 K. At 4.2 K, the MR ratio is 16%, which is (or thec-axis bond configurationand the magnetotransport

much smaller than that for the La,,Ca ., ,,Mn,O; thin film  properties. Further studies are necessary to obtain a unified

(509%).1" It is noteworthy that La_,CaMnOs thin films do  interpretation of the relationships between the dimensionality

not exhibit the MR effect in this low-temperature range. Toand the electronic and magnetic properties for the series

obtain further insight into the low-temperature MR effect, we compounds.

examined the field dependence of normalized resistivity and

magnetization for thin-film La 3,Ca  3,Mn30,g at 4.2 K

and the results are shown in Fig. 4. Apparent hysteresis can

be seen in the resistivity versus magnetic-field curve at 4.2'R. von. Helmolt, J. Wecker, B. Holzapfel, L. Schultz, and K. Samwer,
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