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Abstract

This paper describes the orientation control and the electrical properties of the chemical solution deposition (CSD) derived LaNiO3 (LNO) thin
film. The LNO precursor solutions were prepared using lanthanum nitrate and nickel acetate as La and Ni source, and ethanol or 2-methoxyethanol
and 2-aminoethanol mixed solution as solvents. The LNO films were spin-coated using these precursor solutions and annealed at the temperature
from 500 to 700 °C. The resulting LNO film annealed at 700 °C derived from 2-methoxyethanol and 2-aminoethanol mixed solvent exhibited
(100)-orientation, with some surface cracks and pores, and relatively higher resistivity of 2.49 x 1073 Qcm. The LNO film derived from 2-
methoxyethanol and 2-aminoethanol mixed solvent annealed at 700 °C in an oxygen atmosphere showed highly (1 0 0)-orientation, with higher
density, a few cracks and pores, and exhibited a good electrical resistivity of 7.27 x 107 Q cm.
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1. Introduction

Lead zirconate titanate (PZT) films have been widely stud-
ied with great interest for their applications in memory devices,
pyroelectric sensors and microactuators.'? Platinum (Pt) film
is usually used as an electrode for ferroelectric capacitors.
However, using Pt film as a ferroelectric device electrode,
we observed serious fatigue over the region of 10° switching
cycles.>* To improve this fatigue property, various perovskite
oxides with low resistivity, which include YBa,Cuz07_,,>
(La,Sr)Co03,° LaNiO3 (LNO),” and SrRuO3,® have been stud-
ied as Pt electrode replacements.

The actual LNO crystal structure is rhombohedral. However,
it can be considered as a pseudo cubic perovskite structure® !
with the lattice constant of 0.384 nm. In this study, we pos-
tulated the LNO crystal structure as pseudo cubic (JCPDS
33-0710). Because the lattice constants of the Pbg 50Zrg 43TiO3
are a=0.404nm and 5>=0.415nm (JCPDS 43-0472), respec-
tively, nearly equivalent to that of the LNO, PZT thin films
on the LNO thin film electrode are expected to grow epitaxi-
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ally, leading to the excellent electrical properties. In addition,
a resistivity of LNO is expected to show in the range from 5
to 10 x 10™*  cm.'!=13 For these reasons, LNO is a promising
candidate for a thin film electrode of PZT thin films.

In the previous studies, we prepared conductive LNO films by
a chemical solution deposition (CSD)'*!> using mixed solvent
of 2-amino ethanol and 2-methoxy ethanol. The film orientation
of the resultant LNO was successfully controlled to (1 00)- or
(1 1 0)-direction by changing the concentration of the precursor
solution or solvent for a precursor solution.'*!> Aims of this
work are the deposition of LNO films with preferred orienta-
tion, high dense, flat surface and low resistivity by choosing the
precursor solution solvent, annealing conditions and annealing
atmospheres. In addition, we discussed an orientation mech-
anism accompanied with the kind of solvents and annealing
conditions.

2. Experimental procedure

Lanthanum nitrate and nickel acetate were used as raw
materials for the LNO precursor solution, and ethanol or 2-
methoxyethanol and 2-aminoethanol mixed solution was used
as a solvent. Details of the precursor solution preparation are
described in the previous papers.!4!3
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An LNO precursor film was deposited on the Si substrate by
spin coating using 0.3 M LNO solutions. The precursor LNO
film was dried at 150 °C for 10 min, pre-annealed at 350 °C for
10 min, followed by the heating at 500 °C for 10 min to remove
residual organics. Finally, the film was annealed at temperatures
from 500 to 700°C for 5 min using Rapid Thermal Anneal-
ing (RTA). These processes were repeated to increase the film
thickness of the resultant LNO up to 300 nm in thickness.

Thermogravimetric and differential thermal analysis were
performed on the dried LNO precursor powders using Rigaku
thermoplus2 TG8120. The crystal structure of the obtained LNO
films was characterized by X-ray diffraction using Rigaku RINT
2200 with Cu Ka radiation. The surface morphology of the LNO
films was investigated by a scanning electron microscope (SEM)
using Jeol JSM-5600 and by an atomic force microscopy (AFM)
using Seiko Instruments SPI3800N. Resistivity of the films was
measured by a four-point probe method using Hewlett-Packard
HP-34401A.

3. Results and discussion
3.1. Decomposition and crystallization of LNO precursors

LNO precursor solution could be prepared from lanthanum
nitrate and nickel acetate as La and Ni sources, and ethanol
or 2-methoxyethanol and 2-aminoethanol mixed solution as
solvents (hereinafter, we designate the 2-methoxyethanol and
2-aminoethanol mixed solution as “mixed solvent”). LNO pre-
cursor powders were prepared by drying the solutions gradually
at 150 °C in air for 24 h. Fig. 1 shows the results of the TG-DTA
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Fig. 1. TG-DTA curves for the LNO powder derived from (a) ethanol and (b)
2-methoxyethanol and 2-aminoethanol mixed solution solvents.

for the dried LNO precursor powders, which were derived from
the LNO solution using (a) an ethanol solvent and (b) a mixed
solvent. As shown in Fig. 1(a), one step of weight loss was
observed at 300 °C for the LNO precursor powder using ethanol
solvent. It assumed that the amount of the weight loss in TG
curves was ascribed to the burn out of the residual organics. On
the other hand, two steps of weight loss associated with the two
exothermic peaks were observed at around 300 and 450 °C for
the LNO precursor powder using mixed solvent (Fig. 1(b)). In
addition, the weight loss of the LNO precursor powder derived
from mixed solvent exhibited higher value of about 80% (see
Fig. 1(b)), which value was much larger than that derived from
ethanol solvent of 50% (see Fig. 1(a)). It proved that the LNO
precursor powder derived from mixed solvent included a large
amount of organics compared with that of the powder derived
from ethanol solvent.

In order to clarify the two steps of weight loss in the LNO
precursor powder as well as to investigate the crystallization
process, crystalline phases were identified by XRD for the pow-
ders annealed at various temperatures derived from the different
solvents (Fig. 2). From Fig. 2(a), LaO3 and NiO phases were
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Fig. 2. XRD patterns for the annealed LNO powder derived from (a) ethanol
and (b) 2-methoxyethanol and 2-aminoethanol mixed solution solvents.
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identified in the powder derived from ethanol solvent below
500 °C. In contrast, only a NiO phase was observed in the pow-
der from mixed solvent if annealed below 500 °C. Namely, the
LNO phase crystallized by the reaction between Lay O3 and NiO
phases for the precursor powder from ethanol solvent, whereas
the LNO phase crystallized by the reaction between more homo-
geneous LayO3 rich amorphous phase and NiO for the case of
the precursor powder from mixed solvent (Fig. 2(b)). From these
results, the former peak of the two steps weight loss for the LNO
precursor powder from mixed solvent was ascribed to the loss
of the burn out of the residual organics, and the latter one could
be ascribed to the crystallization of the LNO phase at higher
temperature.

3.2. Deposition of LNO film

The LNO precursor films were spin-coated using the precur-
sor solutions with ethanol and mixed solvents, and these films
were annealed at temperatures from 500 to 700 °C in air. Fig. 3
showed the XRD patterns for the obtained LNO films derived
from (a) ethanol and (b) 2-methoxyethanol and 2-aminoethanol
mixed solvent. The perovskite LNO films with random ori-
entation were obtained for the case of the precursor derived
from ethanol at above the annealing temperature of 600 °C, and
the perovskite LNO films with strong (1 00)-orientation were
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Fig. 3. XRD patterns for the LNO films derived from (a) ethanol and (b) 2-
methoxyethanol and 2-aminoethanol mixed solution solvents.

deposited at above the temperature of 600 °C if the mixed sol-
vent was used for a precursor solution. On the other hand, the
LNO films exhibited relatively good crystallinity if annealed at
700 °C, independent of the solvent used.

In order to observe the surface morphology and to clarify the
orientation mechanism, AFM observation was carried out for
the resultant LNO films annealed at 700 °C (Fig. 4). As shown
in Fig. 4(a), the LNO film prepared using ethanol solvent was
very dense, and the LNO primary particles were very fine. From
Figs. 1(a) and 2(a), it assumed that La;O3 and NiO crystals
were formed in the LNO precursor film at the annealing tem-
peratures below 500 °C if ethanol solvent was used. The formed
Lay O3 crystals reacted with NiO in the precursor films at tem-
perature above 500 °C to form the crystalline LNO with small
particle size and random orientation. On the other hand, the LNO
film deposited from mixed solvent exhibited some cracks and
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Fig. 4. AFM images of the resultant LNO films derived from different solvent
of (a) ethanol and (b) 2-methoxyethanol and 2-aminoethanol mixed solution
solvents.
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pores (Fig. 4(b)). The LNO precursor film deposited from mixed
solvent included considerable organics at relatively high temper-
atures below 400 °C (from Fig. 1(b)). A large amount of residual
organics could be burnt out at relatively high annealing temper-
atures above 400 °C in the LNO precursor film, leading to a lot
of cracks or pores in the resultant LNO film from the mixed sol-
vent. In addition, from Figs. 1(b) and 2(b), it assumed that a faint
amount of NiO phase was found in the LNO precursor film from
mixed solvent at the relatively low annealing temperature below
500 °C, suggesting the relatively homogeneous reaction between
fine NiO nucleus and the more homogeneous Lay O3 rich amor-
phous phase in the LNO film at relatively higher annealing
temperatures above 500 °C. The (10 0)-plane of LNO has the
smallest surface energy, and could grow parallel to the substrate
surface.!® In addition, thermodynamically stable (1 00)-plane
could be grown if the crystallization occurred at higher temper-
ature to show a preferred orientation of the deposited LNO film
derived from mixed solvent.

The LNO precursor films were annealed in oxygen atmo-
sphere at 700°C to remove a residual organics effectively
in the films, especially for the case of films derived from
mixed solvent. Fig. 5 shows the SEM images of the LNO
films annealed at 700°C in air and in oxygen, respectively.
There are few cracks and pores on the LNO film surface
annealed in the oxygen atmosphere in contrast to those of the
LNO film surface annealed in air. Resistivity of the LNO film
annealed in air and oxygen atmosphere was 2.49 x 10~ and

Fig. 5. SEM images of the resultant LNO films derived from mixed solvent,
annealed in (a) air and (b) oxygen atmosphere.

7.27 x 10~* Q cm at room temperature, respectively. Therefore,
it was concluded that annealing in oxygen atmosphere is very
effective to remove the residual organics in the LNO precur-
sor film, which crystallizes at higher temperature, leading to the
preferred orientation. The resistivity of the LNO film annealed
at 700 °C in oxygen was close to the value on the previous
reports.' =13 Huang and Yao!! reported that the resistivity of the
LNO film deposited by mist plasma evaporation decreased in the
range from 2.54 x 1073 t0 7.7 x 10~* € cm after being annealed
at in air, and they described that LNO film deposited under the
sufficient oxygen atmosphere could show enough low values of
resistivity. Sanchez et al.!” reported that the resistivity of the
LNO film prepared by pulsed laser deposition decreased with
the increase of oxygen pressure, and this tendency depended on
the oxygen deficiency of the resultant LNO film. We assumed
that annealing in oxygen atmosphere not only yielded dense
and flat surface but also improved an electrical resistivity to
reduce the oxygen deficiency in the resultant LNO film in this
study.

4. Conclusion

The LNO precursor solutions were prepared by lanthanum
nitrate and nickel acetate as La and Ni source, and ethanol or 2-
methoxyethanol and 2-aminoethanol mixed solution as solvent.
The (1 0 0)-oriented LNO film could be deposited from the LNO
precursor solution of 2-methoxyethanol and 2-aminoethanol
mixed solvent. The LNO film annealed in oxygen atmosphere
exhibited relatively dense microstructure as well as the enough
low resistivity of 7.27 x 10™* € cm for the oxide thin film elec-
trode.
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