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Abstract: La, 7,Cag,sMnOj thin films were deposited on untilted and 15° tilted LaAlO; (100) single crystalline substrates by pulsed
laser deposition. The polycrystalline targets used in the deposition process were synthesized by sol—gel and coprecipitation methods,
respectively. The structure, electrical transport properties and surface morphology of the targets and films were studied. It is found
that, compared with coprecipitation method, the sol—gel target has more homogeneous components and larger density and grain size,
thus the higher insulator—metal transition temperature and larger temperature coefficient of resistivity. The thin film prepared by
sol—gel target has a uniform grain size and higher quality. The metal—insulator transition temperature is higher and the laser induced
voltage signal is larger. Preparing the target by sol—gel method can largely improve the properties of corresponding thin films in

pulsed laser deposition process.
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1 Introduction

Mixed-valence manganese oxides La;—,A,MnO; (A
represents the divalent alkaline earth) have been widely
studied since they exhibited rich properties such as
colossal magnetoresistance (CMR), metal-insulator
transition, phase separation and charge ordering [1-4]. A
lot of experimental and theoretical research results about
this material system have been reported since the CMR
effect was discovered [5—7]. The double exchange (DE)
mechanism has been proposed by ZENER [8] to explain
the coexistence of ferromagnetic and metallic state.
Jahn—Teller distortion is thought to play an important
role in determining the magnetic and electronic
properties [9]. But they cannot completely explain the
CMR effect. Among the manganese oxides,
La,,.Ca,MnOs; is a very interesting system. With the
variation of Ca doping level, La,;_,Ca,MnOj; shows a rich
phase diagram with a various of ground states, including
ferromagnetic metallic (FM), anti-ferromagnetic (AF)
insulator, charge ordered (CO) insulator and
paramagnetic insulator (PI) states [10]. For 0.25<x<0.33,

La;_,Ca,MnO; undergoes a metal—insulator transition at
T, which is close to the ferromagnetic to paramagnetic
transition temperature 7¢ [5].

Many methods such as solid state reaction [11],
sol—gel [12,13] and chemical solution approach [14]
have been employed to synthesize the La;_,Ca,MnO;
polycrystalline. Metal-organic deposition [15] and pulsed
laser deposition (PLD) are usually used to prepare the
La;-,Ca,MnO; thin films [16,17]. Previous reports show
that the particle size and grain boundary strongly
influence the properties of bulk materials [12,18,19]. In
terms of thin films, the physical properties are usually
quite different from the bulk compounds, since the
properties of thin films are very sensitive to strain,
oxygen, disorder and deposition parameters [20—23]. For
the PLD technique, the quality of the ceramic target is an
important factor which determines the properties of film,
because its density and homogeneity largely influence
the quality of the deposited thin film. However, few
researches have focused on the effects of target. In this
work, two kinds of Laj7,Cap,sMnO; targets were
synthesized: the sol—gel target and the coprecipitation
target (prepared by sol—gel and coprecipitation methods,
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respectively). Subsequently, the related thin films were
prepared by PLD. The electrical properties, micrographs
and laser induced voltage (LIV, the electric voltage is
produced through the Seebeck effect when a temperature
gradient is generated by pulsed laser radiation between
the top and bottom of the films) of the films were
studied.

2 Experimental

The Lag7,CagsMnO; (LCMO) precursor powders
were synthesized by sol-gel and coprecipitation
methods, respectively. The details of the process can be
found in our previous works [24,25]. The powders were
first calcined at 550 °C for 16 h. Then, the obtained black
powders were ground and pressed into disk pellet, and
then sintered at 1150 °C for 16 h in air. The samples
were named as S1 and Cl, respectively. Using these
ceramic targets, Lag;»Cag,sMnO; thin films with the
thickness about 200 nm were deposited on untilted (0°)
and 15° tilted LaAlO; (100) substrates by pulsed laser
deposition. The films were grown at 790 °C in 100 Pa
oxygen pressure and annealed at 760 °C in oxygen
pressure of 3x10* Pa for 30 min. The thin films were
labeled as SO (prepared by sol—gel target on 0° LAO
substrate), S15, CO and C15, respectively.

The crystallinity of targets and films was examined
by X-ray diffraction (XRD) with 6-26 scan. The surface
morphologies of the targets and films were characterized
by scanning electron microscopy (SEM) and atomic
force microscopy (AFM), respectively. The temperature
dependence of resistance of the samples was measured
by the four-probe method at the temperature of 300 to
100 K. For the measurement of LIV signals, two indium
electrodes separated about 1 mm were placed on the
surface of the films [26]. The films were irradiated by a
pulse laser with 248 nm in wavelength and 28 ns in
duration. The signal was monitored with an oscilloscope
(Tektronix TDS2022B) at room temperature.

3 Results and discussion

3.1 Properties of targets

Figure 1 shows the XRD patterns of the
Lay7,CagsMnO; targets synthesized by sol—gel and
coprecipitation methods. Both the samples possess single
phase without any detectable impurities. Figure 2 shows
the typical p—T curves of S1 and Cl. An evident
difference that the metal—insulator transition region is
broad for Cl1 and narrow for S1 can be seen. The
broadening behavior of the coprecipitation sample can be
attributed to the inhomogeneity of the ceramic prepared
by coprecipitation method. In addition, C1 has a slight
shoulder in the metal region, which also indicates the
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Fig. 2 Temperature dependence of resistivity (a) and TCR
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inhomogeneity of the coprecipitation sample. As a
consequence, the temperature coefficient of resistivity
(TCR) (TCR=(dp/dT)p 'x100%) of S1 (8.0%) is much
larger than that of C1 (1.6%) (Fig. 2(b)). It is well known
that the sol—gel method produces samples with very
uniform particles and precise components. It can be seen
from Fig. 3 that the micrographs of C1 and S1 are very
different. There are many small grains (~400 nm) and
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pores among the large grains (~1 pum) in sample Cl,
indicating the existence of a large number of grain
boundaries and a possible phase inhomogeneity. It may
be due to the relatively large particle size and irregular
shape of the coprecipitation powders [24]. As for sample
S1, the size and shape of powder particles are more
uniform, so the grains grow more quickly, and are larger
(1~2 pm), and more uniform, and the sample is denser.
So, the phase of the sol-gel sample is more
homogeneous and the electrical transport property is
better. Therefore, sample S1 has higher metal-insulator
transition temperature (7,) and TCR values, which are
summarized in Table 1.

Fig. 3 SEM images of LCMO targets of C1 (a) and S1 (b)

Table 1 Experimental data of LCMO targets and thin films

Sample T,/K TCR/% Uy/V
Cl 267.6 1.6 -
S1 260.0 8.0 -
Co 248.2 9.2 -
C15 243.1 8.4 1.5
SO 263.3 8.0 -
S15 266.5 7.8 2.2

3.2 Properties of films

In Fig. 4, the XRD patterns of LCMO films grown
on 0° and 15° LaAlO; (LAO) substrates are given. It can
be seen that only (100) reflection peaks of the films
appear, indicating that the films have a single phase and
can be indexed based on the single perovskite unit cell.
Film SO shows a double (200) reflection peak structure,
implying a possible double growth orientation, which
may be induced by the lattice and strain relaxation. The

thin films grown on the tilted substrate (S15 and C15)
have lower peak intensity, which is due to the difficulty
in growing high quality film on the substrate with high
tilting angle [26].
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Fig. 4 XRD patterns of LCMO films grown on 0° (a) and 15°
(b) substrates by sol—gel and coprecipitation targets

The AFM images of C15 and S15 are shown in
Fig. 5 and a layer-structure surface can be observed. S15
has a more uniform and smaller grain size which
distributes between 80—100 nm. Most of the grains of
C15 are agglomerated and the grain size distributes
between 200—300 nm. The surface roughness of C15 is
also larger than that of S1, which is in agreement with
the quality of targets. Since the sol—gel target is more
homogeneous and has larger grains, it is favorable to
obtaining high quality film with uniform grain size and
smooth surface during the PLD deposition process. By
contrast, the coprecipitation target surface has more
pores, which will influence the plasma shape and size,
and hence the thickness uniform of thin film. The
inhomogeneity of coprecipitation target will induce the
roughness and agglomerate of corresponding film.

Figure 6 shows the temperature dependence of
resistance (R(7)/R(297 K)) and TCR curves of the films.
T, of coprecipitation thin films (C0O and C15) and sol—gel
thin films (SO and S15) are around 245 K and 265 K,
respectively. This is attributed to the inhomogeneity and
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larger surface roughness of the coprecipitation films.
TCR of the 0° films (CO and S0) is a little larger than that
of 15° films, which may be explained by the low quality
of films grown on the substrate with high tilting
angle [26]. The large roughness and low quality of film
will increase the resistivity and reduce the 7, value
through decreasing the electron hopping [27]. As for the
application of bolometer, high insulator—metal transition

0
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temperature and large TCR values are important. So, it
can be concluded that the sol—gel method can produce
higher quality target, which can be used to prepare higher
quality thin film with better -electrical transport
properties.

The target effects on the laser induced voltage
signals of films are shown in Fig. 7. The energy density
of the incident laser was changed from 0.1 to 0.6

Fig. 5 AFM images of LCMO films grown on 15° tilted LAO substrates: (a) C15; (b) S15
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Fig. 7 LIV signals of 15° tilted LCMO films (a) and liner relationship between peak voltages and energy density (b)
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mJ/mm®. According to the atomic layer thermopile
model proposed by LENGFELLNER et al [28], the
induced voltage is mainly determined by the Seebeck
coefficient anisotropy AS, which includes the structural
and electrical transport anisotropy [29]. As can be seen in
Fig. 7(a), the peak voltage (U,) of S15 (2.2 V) is
obviously larger than that of C15 (1.5 V), indicating that
S15 has a larger AS. We think that the inhomogeneity and
rough surface of film C15, which were induced by the
inhomogeneity and large amount of grain boundaries and
pores of target C1, decrease the structural and electrical
transport anisotropy and hence lead to a smaller induced
voltage. The peak voltage as a function of the incident
laser energy density displays a linear relationship, as
shown in Fig. 7(b). These results suggest that the thin
film prepared by the sol—gel target has a more promising
potential application to be used as thermoelectric
detector due to its higher 7, and larger U,. This
demonstrates that samples produced with sol—gel method
have better physical properties compared with
coprecipitation method.

4 Conclusions

1) Both the sol—gel and coprecipitation targets have
a single phase after sintering under the same conditions.
Compared with the coprecipitation target, the sol—gel
target has a narrower insulator-metal transition region
and larger temperature coefficient of resistivity.

2) All the thin films deposited with different targets
and different LAO substrates grow along c-axis and have
a single phase. The film prepared by sol—gel target has a
more uniform and smaller grain size, and smoother
surface.

3) Compared with coprecipitation target the
insulator—metal transition temperature of thin films
prepared with sol—gel target is higher 20 K, and the laser
induced voltage signal is also larger.

4) Target quality heavily influences the film
properties. Sol—gel method obviously is a better process
to improve the properties of both ceramic target and thin
film, and the performance of potential novel devices,
such as bolometer and thermoelectric devices.
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