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Abstract
La–Ca–Mn–O ﬁlms were deposited with various thickness (500, 1000 and 15001C) by RF-magnetron sputtering at
7001C and by the spin coating of sol–gel method at 4001C on LaAlO3(1 0 0) and Si(1 0 0) single-crystal substrates. The
crystal structure and chemical composition of the ﬁlm grown by RF sputtering method were orthorhombic and
La0.89Ca0.11MnO3, respectively, while the ﬁlm prepared by sol–gel spin coating was cubic with La0.7Ca0.3MnO3. The
temperature dependence of the resistance for the ﬁlm grown by RF sputtering method with the thickness of 10001C
shows that a semiconductor-metal transition occurs at 242 K. The relative maximum magnetoresistance is about 273%
at 226 K. r 2002 Elsevier Science B.V. All rights reserved.
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The discovery of colossal magnetoresistance (MR) [1]
in Manganese perovskites La1xAxMnO3 (A=Ca, Sr,
Ba) has renewed the interest in these materials for device
applications. Ca-doped compounds with 0:15pxp0:5
present a semiconductor-to-metal transition at TSC-M
and para-to-ferromagnetic ordering at Tc : Both are
about 265 K for x ¼ 0:3: The variations of MR and
magnetic properties with ﬁlm thickness have been
attributed [2–4] to strain states and disorder in the
ﬁlms. Several authors reported on the decrease of an
insulator-to-metal transition, TIM ; for granular systems
[5] or ﬁlms with microcracks [6]. These were related to
grain size effects [7] or to the existence of insulating
regions at grain boundaries [5]. In this article, we present
the thickness-dependent microstructure and MR effects
of the La–Ca–Mn–O thin ﬁlms by a RF sputtering
process and a sol–gel method.
La–Ca–Mn–O ﬁlms were deposited with various
( by RF magnetron
thickness (500, 1000 and 1500 A)
sputtering at 7001C and by the spin coating of sol–gel
method at room temperature on LaAlO3(1 0 0) and
Si(1 0 0) single-crystal substrates. A sputtering target
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with the nominal composition La0.67Sr0.33MnO3 having
a diameter of 2 inch, was prepared using a ceramic
method. During the RF sputtering process, the total
pressure was maintained at 5 mTorr and RF-power
(PRF ) at 2.46 W/cm2. The sol–gel coated ﬁlms were dried
at 4001C to eliminate the solvent. All ﬁlms were
annealed for 1 h in O2 atmosphere at 8001C. The
crystalline structures of the La–Ca–Mn–O/Si ﬁlms were
characterized by X-ray diffraction (XRD) using ﬁxed y
and normal (y=2y) scanning at room temperature. The
surface microstructures were examined by atomic force
microscopy (AFM). The temperature dependence of the
MR was measured using a constant current of 10 mA
with applied magnetic ﬁelds of 0 and 1.5 T.
Using a Rutherford back-scattering spectroscopy
(RBS) analysis, the chemical composition of the ﬁlm
deposited with RF sputtering was determined to be
La0.89Ca0.11MnO3, while the ﬁlm deposited with sol–gel
spin coating was La0.7Ca0.3MnO3. The spin coating
method, compared with the sputtering method, allows
easier control of the desired composition. XRD patterns
show characteristic peaks of perovskites conﬁrming a
single phase. Based on the peaks of the XRD patterns
and the chemical composition of the RBS analysis data,
the crystalline structure for the La–Ca–Mn–O ﬁlms
grown by the RF sputtering process was determined to
be perovskite orthorhombic, while the ﬁlms grown by
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