Journal of the Korean Physical Society, Vol. 38, No. 1, January 2001, pp. 38∼41

Characterization of La-Sr-Mn-O Films on Si(100) Grown by Using
an rf-Sputtering Process under Different O2 Partial Pressures
Seung-Iel Park, Yeon Hee Kim, Young Suk Cho and Chul Sung Kim∗
Department of Physics, Kookmin University, Seoul 136-702
(Received 10 November 1999, in final form 5 December 2000)
La-Sr-Mn-O thin films were prepared by using an rf-sputtering process with a La0.67 Sr0.33 MnO3
ceramic target. The conditions for deposition of La-Sr-Mn-O thin films on Si(100) substrates were
that the oxygen partial pressure of the buffer gas was 0, 20, 40, and 60 % at an rf-magnetron
sputtering power of 2.46 W/cm2 and a substrate temperature of 700 ◦ C. After the deposition, all
films were annealed in an O2 atmosphere for 1 hour at 800 ◦ C. The chemical composition, the
crystal structure, the magnetic properties, the surface, and the ionic state of the Mn ion for the
La-Sr-Mn-O films were studied using X-ray diffraction, Rutherford backscattering spectroscopy,
atomic force microscopy, scanning electron microscopy, and X-ray photoelectron spectroscopy. The
crystalline La-Sr-Mn-O thin films grown on Si(100) showed a perovskite monoclinic structure. In
the case of PO2 = 20 %, the chemical composition was La0.85 Sr0.15 MnO3 with the lattice parameters
a0 = 5.489 Å, b0 = 5.517 Å, c0 = 7.769 Å, and β = 89.07◦ . As the O2 partial pressure decreased,
the root mean square roughness and the thickness of the La-Sr-Mn-O films increased.

I. INTRODUCTION

Sr0.33 MnO3 polycrystalline pellet, was prepared using
a ceramic method. Thin films were prepared on single
crystal of Si(100) substrates by using an rf-magnetron
sputtering at 700 ◦ C. The sputtering buffer gas was an
Ar-O2 mixture, 100, 80, 60, and 40 % Ar to 0, 20, 40,
and 60 % O2 , respectively. During the deposition process
(3 hour), the total pressure and the rf-power (Prf ) were
maintained at 5 mTorr and 2.46 W/cm2 , respectively.
After the deposition, all films were annealed at 800 ◦ C
for 1 hour in an oxygen atmosphere.
Crystalline La-Sr-Mn-O (LSMO) films grown on
Si(100) were characterized by X-ray diffraction(XRD)
at room temperature. The X-ray diffraction patterns
of the LSMO films grown on Si(100) were obtained in
the 2θ geometry with CuKα radiation. The microstructures were also examined using scanning electron microscopy (SEM) and atomic force microscopy (AFM).
The chemical compositions and the electronic structures
of the deposited films were measured by the Rutherford backscattering spectroscopy (RBS) and X-ray photoelectron spectroscopy (XPS). The thicknesses of the
LSMO films were determined by using surface step (αstep) measurements and RBS analysis. The XPS spectra were recorded using a nonmonochromatized A1 Kα
source with a total resolution of about 1.1 eV. The magnetic hysteresis loop of the films at room temperature
was obtained up to a maximum applied magnetic field of
5 kOe by using a vibrating sample magnetometer (VSM).
The temperature dependence of the magnetoresistance
was measured using a constant current of 1 mA with an

The perovskite oxides, such as (La,Ca)MnO3 ,
(La,Sr)MnO3 , and (La,Ca,Sr)MnO3 , are very attractive
materials due to their electronic, magnetic, and structural properties that give rise to several interesting phenomena, such as colossal magnetoresistance (CMR) and
charge ordering (CO) effects. The CMR effect was found
in La0.67 Ca0.33 MnO3 thin films by Jin et al. [1]. Since
then, many researchers have studied the various properties of bulk materials [2–4]. Recently, experimental
works showed that epitaxial and polycrystalline films
could be grown on substrates such as SrTiO3 (STO),
LaAlO3 (LAO), MgO, and Si by using various deposition
methods, and their magnetic and electronic properties
were [5–9]. Especially, epitaxial thin films have receiving
a great deal of attention because of their potential use
for a new generation spin-based devices [10,11]. In this
paper, we report the microstructure, the surface, and the
magnetic and magnetoresistance (MR) properties of LaSr-Mn-O thin films on Si(100), which were grown under
different rf-magnetron sputtering conditions.

II. EXPERIMENTAL
A sputtering target, a two-inch diameter La0.67
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