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The manganite LSMO films were successfully grown on glass substrates without any additional buffer
layer by pulsed laser deposition. The films have been investigated by X-ray diffraction (XRD), field
emission-scanning electron microscope (FE-SEM), electrical and magnetic measurements. From the
XRD pattern the film is found to be polycrystalline single-phase’s character. The LSMO thin films
growth on glass substrate, follows the island growth model with average grain size of 44.46nm. The
metal-insulator transition (Tyy) temperature was above room temperature and electrical conduction
mechanism of LSMO films below phase transition temperature (Tp) is due to the electron-electron
(major) and electron-magnon scattering processes. The Curie temperature of LSMO films is around
352 K, which is one of the high T¢ in all LSMO films and as our knowledge, is the highest value that
is reported in literature for low cost amorphous substrates such as glass. The low resistivity, high Ty,
and high T¢ makes these LSMO films very useful for room temperature magnetic devices.
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1. INTRODUCTION

The phenomenon of colossal magnetoresistance (CMR) in perovskite manganites of R;.
xAxMnO3 (R=rare earth; A = divalent) have attracted much attention due to their potential applications
for various devices such as field-sensor, magnetic reading heads and memories [1-3]. Most of these
industrial devices are based on thin film form. Therefore, much investigation focuses on fabrication
and characterization of thin films prepared by various methods. Lanthanum strontium manganites of
La;xSrkMnO3; (LSMO) with perovskite structure is a well-known material displaying colossal
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magnetoresistance (CMR).This material has been intensively studied because of their high Curie
temperature, large resistance change at the metal-insulator transition temperature and high degree of
spin polarization of the carriers at the Fermi level. The metallic and ferromagnetic state of these
manganites is usually explained by the Double-Exchange (DE) interaction between Mn®*" and Mn**
pairs which control the magnetic and electrical properties of perovskite manganites. Pulsed Laser
Deposition (PLD)[4-5] and sputtering [6] are most widely used techniques for fabrication of
polycrystalline and epitaxial LSMO films. Many studies have been done to improve the quality of
LSMO films such as of varying substrate, annealing temperature, film thickness, working pressure and
substrate temperature. Although there were many publications on LSMO films grown on single crystal
oxide substrates, like SrTiO3[7], LaAlO3[8], NdGaOs;, MgOJ[9], piezoelectric substrate [10]and
silicon[6], still using of amorphous substrates such as glass are very limited[11]. In this paper, LSMO
films were successfully grown directly on glass (Corning) substrates by PLD from a LSMO
stoichiometric ceramic target in oxygen atmosphere. The crystal structures, surface morphology,
resistivity, magneto-transport and the various interrelationships between these characteristics are
discussed. Finally, the highest value of Curie temperature (T¢) as compared with literature for LSMO
film deposited on low-cost amorphous glass substrate is reported.

2. MATERIALS AND METHODS

Bulk samples of Las;gSr3sMnQj3 as targets were prepared by the solid state reaction method. A
well-mixed stoichiometric amount of high purity (>99.9%) powders of La,O3, SrCO3 and Mn,0O3 were
pre-sintered at 900°C in air for 12h. After pre-sintering, the powders were ground and press into pellets
of 13mm in diameter. Then the pellets were sintered at 1300°C in air for 24h. The Las;gSrssMnOs
films were fabricated by pulsed laser deposition technique (Nd: YAG laser, A=532nm). The films were
grown directly on glass (Corning) under O, pressure of 12mtorr. The deposition temperature was
700°C. The thickness of film, t = 237nm was determined using profilometery measurement. In order to
avoid oxygen deficiency, a post-annealing at 700 °C for 4 h was made in air. The crystal structure of
the films was characterized by X-ray diffraction measurement (XRD) and data were refined by the
Rietveld method. The electrical transport properties were measured by the four-point method in the
range of 100-300K. Magnetoresistance measurement (MR) was used to measure the change in
resistance under an external applied magnetic field up to 1 Tesla with temperature ranging from 80 to
300K using Hall measurement system (model Lake Shore 7604). The AC Susceptibility measurements
were performed using a CryoBINDT model. Finally, the surface morphology of the LCMO film was
characterized by Field Emission - Scanning Microscope (FE-SEM).

3. RESULTS AND DISCUSSION

The X-ray diffraction (XRD) patterns of LSMO film and bulk were recorded at room
temperature and are shown in Figurel. The XRD data were refined by the Rietveld method using the
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X Pert HighScore Plus program. Figure 2 shows the results obtained for the Rietveld analysis of film
sample. The selected refined data were listed in Table 1. The films showed the same structure as bulk,
which is single phase rhombohedral with space group of R3C. The average crystallite size and strain
values have been calculated by using Williamson- Hall method [12]. The crystallite size (D) and lattice
strain (¢) of thin film were 28.14 and 0.1139 respectively. The results are given in Table 1. One can see
from Table.1 that lattice parameters and unit cell volume for thin film sample are compressed when
compared with LSMO bulk. It may be due to lattice misfit between film and amorphous substrate. The
major compounds in corning glass are SiO,, Al,O3, B,O3; and CaO and their lattice parameters are all
smaller than that of LSMO. Moreover, corning glass (Cg) is amorphous.
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Figure 1. Room temperature XRD patterns of LSMO bulk and thin film.

Therefore, compressive strain exists inevitably in the films due to the lattice mismatch between
the substrate and the LSMO. The Mn-O-Mn bond angle and Mn-O bond length obtained from the
Rietveld refinement are presented in Table 1. As shown in tablel the Mn-O bond length is decreased
for LSMO/Cqg thin film as compared to the bulk sample. Hence, the Mn-O-Mn band angle is slightly
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increased. It is well known, that changes in the Mn-O-Mn bond angle significantly influence the
electrical properties of the samples.
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Figure 2. Rietveld analysis of XRD data for LSMO/Cg thin film.

Table 1. Structural parameters of LSMO bulk and thin film.

Structural
Parameters LSMOI/Cg LSMO(Bulk)
Samples
a(A) 5.4648 5.4895
b(A) 5.4648 5.4895
c(A) 13.3165 13.3552
v(A)? 344.416 348.538
Lattice strain (%) -0.1139 0.178
Cry.size(nm) 28.14 103.5
Mn-O(1)(A) 1.940-6 1.948-6
Mn-O(1)-Mn(°)
167.710 167.703
Rexp(%0) 5.2783
6.0181
Rpr(%0) 8.6290 6.7636
Rwpr(%0) 10.6939 8.4345

Goodness of fit
3.1578 2.5535
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Figure 3. FE-SEM images and distribution of grain size of LSMO thin film.

The surface morphologies of the film and bulk are investigated by field emission- scanning
electron microscopy (FE-SEM). Figure 3 shows the FE-SEM micrographs of film and bulk. The
surface of film appears porous and cauliflower -like morphology follow island-like growth model. The
average grain size of LSMO/Cqg film is 44.46 nm. This value is much lower than that of the bulk as can
see in Figure 1. The grain size distribution of film is analyzed based on 100 grains taken from SEM is
shown in Figurel. A few scattered droplets are observed on top of film with average size of 3um. This
is quite common for PLD films growth, because of the pulsed laser ablates some boulders particles
from the target, and some of boulders was transported through the shock wave in the laser plume, and

deposited on the substrate [4].
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Figure 4 shows normalized temperature dependent of the samples in zero magnetic fields in the
temperature range of 100-300 K. Phase transition temperature (Tp) is higher than room temperature for
both samples. For LSMO film deposited on glass substrate with Tp > 300K is the highest metal-
insulator transition temperature (Tyy ), that is reported in literature for amorphous substrates[11, 13].
The resistivity of LSMO/Cg thin film is below 2 (Q.cm) that is lower than the resistivity of thin films
as usual. In order to understand the conduction mechanism, the electrical resistivity data are fitted
using the following equations [14-16]:

pP=po+pT’ (1)
P =P+ PosT 2 ()
P=P+ P T+ T ™ 3)

Where po is the temperature independent part that is due to the domain, grain boundary and
other temperature independent mechanisms. The p,T? term corresponds to electron-electron scattering
process and the posT>> term arises due to electron-magnon scattering process and the pssT*° is a
combination of electron-electron, electron-magnon and electron- phonon scattering process. The
experimental data for thin film and bulk were fitted to the above equations. From the fitting results is
found that the square of linear correlation coefficient R® for both samples is highest when the data are
fitted by Eq. (3). Therefore, the electrical resistivity in the metallic region can be explained on the
basis of electron-electron and electron-magnon (phonon) scattering mechanisms for the both film and
bulk samples. Figure 5 is shown the p versus temperature for LSMO/Cg thin film below 300K that is
fitted with Eq. (3). The resistivity parameters are obtained in Table 2. The value of the electron-electron
scattering term p, in EQ. (3) is larger than that of the electron-magnon (phonon) p4s for film and bulk
samples. Therefore, the electron-electron scattering displays a major role on conductivity of samples in
metallic regime. On the other hand all resistivity parameters of film are higher than that of the bulk
indicating more electron-scattering process occurred in the film, results to increasing of the resistivity
of film as compared to bulk.

Table 2. The fit parameters obtained from experimental resistivity data in the ferromagnetic metallic
region for LSMO thin film and bulk samples.

Po p2 R’ Po p2s R? Po p2 Pas R?
(Q.cm)  (Q.cm.K?) (Q.cm)  (Q.emK?) (Q.cm)  (Q.cmK?)  (Q.emK™*)
LSMO/Cg 1.9611 7.79x10°  0.99058 2.0205 425x107  0.97677 1.9146 1.01x10°  -1.4x107™ 0.99707
(film)
LSMO  1.56x10° 6.02x10°  0.99814 2.01x10° 3.29x10°  0.99265 1.50x10° 6.32x10°  -1.84x10™  0.99829

(bulk)
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Figure 4. Normalized temperature dependent of the LSMO film and bulk in zero magnetic fields in the
temperature range of 100-300 K.
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Figure 5. Resistivity vs. absolute temperature curve for LSMO /Cg thin film below Tp; the solid line
gives the best fit to Equation (3).
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Figure 6. (a). Temperature dependence of real part of AC susceptibility for LSMO/Cg thin film in AC
field amplitude of 1 Oe and frequency of 240 Hz; (b) Tc is found from the peak in the dy"dT
via temperature curve or from inverse of susceptibility via temperature cure, where linear fit
giving a Curie temperature .

Figure 6 shows the temperature dependence of real part of ACsusceptibility for LSMO/Cqg thin
film in ac field amplitude of 1 Oe and frequency of 240 Hz. The thin film shows the paramagnetic to
ferromagnetic transition at high temperature. The Curie temperature, Tc is found from the linear fit of
inverse -susceptibility via temperature cure or from the peak in the dy/dT via temperature curve which
are shown in figure 6(b). The T¢ of LSMO/Cg thin film is 352K is the highest value that is reported
in literature for amorphous substrates [11, 13] . The Curie temperature of LSMO/Cqg film is higher than
the bulk (331K) and is one of the highest in all reported of LSMO films deposited on various single
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crystal substrates [11, 13, 17-19]. The high Tp, low resistance and high Curie temperature as high as
353K is proved the high quality of polycrystalline films is grown by PLD.

The %MR values versus applied magnetic field H at 1T, from 80K to 300K for all samples, are
shown in Figure 2. The magnetoresistance ratio MR, is defined as MR = 100 x (Ry -Ro)/Ro, where Ry
and Ry reflect the resistance measured with and without a magnetic field, respectively. Both film and
bulk samples are shown negative MR values with a vertically applied magnetic field. The results
showed that the resistivity decreases with increase in the magnetic field. The magnetoresistance could
not reach saturation by an applied field of 1 T. Magnetoresistance (MR) of LSMO/Cg film is observed
in a wide temperature range below the ferromagnetic transitions. The presence of low temperature MR,
may be originating from spin-dependent scattering of polarized electrons at the grain boundaries. The
highest MR value was -14.60% for film and -17.07% for bulk at 80K in a 1T magnetic field. One can
see from SEM image that LSMO film has less grain boundary as compared with the bulk. Therefore,
the film deposited on glass substrate displays lower MR as compared the LSMO bulk due to
decreasing of spin polarization tunnelling that is induced by grain boundaries effect [20] .

—a— 300K
—e— 290K
—A— 270K
—v— 250K
—<— 230K
—»— 220K
—e— 200K
—e— 190K
—e— 170K
—*— 150K
—o— 140K

LSMO/Cg 130K

124 %MR=14.60% o 120K
— < A 110K
T

14 4 —w— 100K
—4— 90K
—»— 80K

% MR

-10 4

-16

T T T T T T
0 2000 4000 6000 8000 10000
Magnetic Field(G)

Figure 7. %MR curve of LSMO /Cg film as function of magnetic field at various temperatures.

4. CONCLUSIONS

In summary, LSMO films were successfully deposited on glass substrates without any
additional buffer layer by Pulsed Laser Deposition. The structural characteristics, transport behaviors
and magnetic properties of LSMO films were investigated. From the XRD pattern the film is found to
be polycrystalline single-phases character. The LSMO top surface showed island growth and
cauliflower -like morphology with average grain size of 44.46nm. The films exhibit a ferromagnetic
transition at temperature (T¢) around 352 K, which is one on of the high in all LSMO films and as our
knowledge, is the highest value that is reported in literature for amorphous substrates such as glass.
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The metal-insulator transition temperature was above room temperature and electrical conduction
mechanism of LSMO films at metallic regime, is due to the electron-electron (major) and electron-
magnon scattering processes. The highest MR value of LSMO film was 14.60% at 80 K and 1 T. The
low resistivity, high metal-insulator transition temperature, high T¢ such as 352K makes these LSMO
films very useful for room temperature magnetic devices.
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