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LaNiO3 (LNO) is one of an excellent candidate for oxide electrodes especially for perovskite ferroelectric films since it is
perovskite type crystal structure, and therefore it is suitable for lattice matching with conventional perovskite ferroelectrics,
Pb(Zr,Ti)O3 (PZT), BaTiO3 (BTO), etc. We have been investigating an effect of thermal expansion of the LNO film as PZT/LNO/
Si and BTO/LNO/Si structures, where ferroelectric and piezoelectric properties can be improved by a compressive thermals
stress implied from the LNO layer to the ferroelectric films. The ferroelectric films also shows high [001] orientation owing to
[100] orientation of the LNO film. In the present study, microstructures and crystal structures of the LNO films fabricated on Si
substrates by CSD method is investigated by X-ray Diffraction (XRD), field emission scanning electron microscopy (FE-SEM)
and transmission electron microscopy (TEM) in order to understand self-orientation along [100] perpendicular to the film plane.
The results obviously indicate that the 1 layer deposited LNO film has almost no orientation, whereas it shows tendency of
orientation of [100] perpendicular to the film plane when the layer number increased (upto 4 layers). TEM analysis also shows in-
plane tensile stress applied to the LNO film is effectively decreased by porous LNO structure, which leads in-plane compressive
stress to the ferroelectric films prepared on the LNO films.
©2013 The Ceramic Society of Japan. All rights reserved.
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1. Introduction

Perovskite type ferroelectric oxides such as lead zircon-
ate titanate (PZT), barium titanate (BTO) etc. exhibit excellent
dielectric, piezoelectric, and ferroelectric properties. Among these
materials, PZT films have wide applicability in many fields,
such as nonvolatile memories, piezoelectric sensors, and micro-
actuators in micro- electro-mechanical systems (MEMS).1)4) PZT
possesses superior ferroelectric and piezoelectric properties arisen
near the morphotropic phase boundary (MPB) which lies between
tetragonal and rhombohedral phases, PbZr0.53Ti0.47O3.5)8) There
are quite a lot of studies for fabricating PZT thin films by various
deposition methods such as pulsed laser deposition (PLD),9),10)

sputtering, chemical vapor deposition (CVD),11) and chemical
solution deposition (CSD).12),13) Among these processes, CSD
method utilized in the present study has several advantages
over the other methods, such as the good homogeneity, low cost,
precise control of the composition, relatively low processing
temperature, and easy film deposition on large-scale substrates
by spin coating.
As bottom electrodes for the PZT film, platinum is conven-

tionally used because of its high electrical performance. How-
ever, from practical view point, the platinum electrode is not the
best material as electrodes since it causes fatigue over a region of
106 switching cycles because of a diffusion of oxygen and/or
lead into the Si substrate through the Pt electrode. In order to

overcome this issue, oxide electrodes such as LaNiO3 (LNO)
are widely investigated. Crystal structure of LNO can be ascribed
to a pseudo cubic perovskite with lattice constant of 0.386 nm,
therefore it is known to enhance crystallization of the perovskite
type films such as PZT (Pb0.53Zr0.47TiO3: a = 0.4063 nm and b =
0.4146 nm). In addition, a resistivity of LNO showed in the range
from 5 to 10 © 10¹4³cm.14)

Electrical properties of the ferroelectric thin films are generally
influenced by many factors such as crystallinity, orientation, mor-
phology, stresses, composition, electrode structures etc. Among
these factors, we have been investigating a stress effect impressed
to the film from bottom electrodes and substrates caused by
different thermal stresses among them. In our previous report,
highly a-/c-oriented PZT thin film deposited on a porous LaNiO3

(LNO) thin film electrode was prepared by chemical solution
deposition (CSD) method. It should be noted that ferroelec-
tric properties of the PZT film increased with increasing the
LNO layer thickness.15) The increased LNO film thickness also
resulted in an increase of PZT lattice parameters perpendicular
to the film plane, which indicated that the LNO film impressed
compressive stress in plane caused by a high thermal expansion
coefficient of LNO (12.5 © 10¹6/K)16) compared to Si. A mech-
anism of the compressive stress impression can be thought
as follows; the compressive stress is impressed to the PZT film
by the high thermal expansion coefficient of the LNO film
and simultaneously the tensile stress to the PZT film generally
impressed from Si due to different thermal expansion coefficient
between LNO and Si is effectively eased by the porous structure
of the LNO film.15) In the present study, precise investigation of
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the LNO films prepared on Si substrates by CSD method was
made by transmission electron microscopy (TEM) and field
emission scanning electron microscopy (FE-SEM).

2. Experimental procedure

La(NO3)3·6H2O and Ni(CH3COO)2·4H2O were used as start-
ing materials for preparing the LNO precursor, and a solution of
2-methoxyethanol and ethanolamine was used as a solvent. Prior
to preparation of precursors, La(NO3)3·6H2O was dried at 150°C
for 60min. and Ni(CH3COO)2·4H2O was dried at 150°C for
60min. and subsequently dried at 200°C for 60min. 0.3M La
precursor solution was prepared by dissolving the dried La(NO3)3
into 2-methoxyethanol (25ml) and stirred for 90min. at room
temperature. 0.3M Ni precursor solution was prepared by
dissolving the dried Ni(CH3COO)2 into mixed solution of 2-
methoxyethanol (20ml) and ethanolamine (5ml) and refluxed
at 105°C for 30min. Mixing and stirring the two solutions for
120min. at room temperature yielded LNO precursor solution of
0.3M (50ml). The LNO precursor solution was deposited on a Si
substrate by spin-coating at 3500 rpm. The as-deposited LNO
thin film was dried at 150°C for 10min and pre-annealed at
350°C for 10min in order to remove residual organics. The LNO
precursor film was then annealed at 700°C for 5min by rapid
thermal annealing in oxygen atmosphere in order to effectively
remove the residual organics in the precursor film. The estimated
thickness of the LNO film after one cycle of spin coating was
50 nm. Various thicknesses of LNO films, 50, 100, and 200 nm
were prepared.
Microstructures of the thin films were investigated using trans-

mission electron microscopy (TEM, 200 kV, JEM-2100F, JEOL)
for Bright field (BF) and field emission scanning electron

microscopy (FE-SEM, JSM-7001F, JEOL). Crystalline phases of
the obtained film were characterized by X-ray diffraction (XRD,
D8 ADVANCE, Bruker AXS GmbH) and selected area electron
diffraction (SAED). Diffraction data obtained by the SAED pat-
terns were corrected using Au standard sample. Lattice param-
eters of the LNO crystals at several areas in the film were
measured by the diffraction spots of LNO along horizontal/
vertical directions of the film plane. Sample preparation for the
TEM observation was performed by the ion milling system (Ion
slicer, EM-09100IS; JEOL).

Fig. 1. XRD patterns of the LNO/Si films with various LNO layer
thicknesses. (a) 50 nm, (b) 100 nm, and (c) 200 nm.

Fig. 2. (a) Cross-Sectional TEM bright field image for LNO/Si thin film with LNO thickness of 200 nm. Porous structures of
the LNO layer was observed. (b)(d) Selected electron diffraction patterns obtained the areas indicated by the circles 13 in the
TEM image (a). It is obviously understood that intensity of the diffraction spots 100 and 200 of the LNO crystals became strong
with increasing the film thickness.
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3. Results and discussion

3.1 Crystal orientation
Figure 1 shows XRD patterns for the LNO films prepared on

Si substrates. It is obviously understood that the LNO film has
[100] orientation perpendicular to the film plane. This orientation
is also seen in our previous study, where PZT films were pre-
pared on the LNO film.15) The peak intensity of the LNO [k00]
considerably increased with increasing the film thickness, which
implies the [k00] orientation increased with increasing the film
thickness as well as merely the film thickness (a mass of the film)
increased.

3.2 Cross sectional observation by TEM
Figure 2 shows cross sectional bright field TEM image of the

LNO film (4 layers) deposited on Si substrate. It is understood
that the LNO film has porous structures composed of 50100
nm particles. Although the layer structures were not obviously
seen, the pores mostly seemed to be connected in-plane and some
of the pores (about several tenth nm) penetrated over layers.
Electron diffraction patterns taken at the areas indicated by the
circles 1 to 3 indicated that the orientation of the LNO [k00]
perpendicular to the film plane increased with increasing the film
thickness. This result can be confirmed from the results obtained
from XRD.
Figure 3 shows lattice parameters of the LNO crystals at each

area in the Fig. 2. Although the lattice parameters of the pseudo-
cubic LNO crystals should indicates the same values as the bulk
one, 0.386 nm, the lattice parameters in the film indicated larger
values in-plane, and smaller values out-of plane. One of the most
possible reason for the lattice strain is a difference of the thermal
expansion coefficient between LNO (12.5 © 10¹6/K) and Si
(2.8 © 10¹6/K). Since the LNO film is crystallized at high tem-
peratures, during cooling to the room temperature, the LNO film
shrinks more than the Si substrate. Therefore the tensile stress in-
plane is applied to the LNO film. The tensile stress, however, was
drastically increased with increasing the LNO layers and one can
recognize that the LNO films with 200 nm thick was almost stress
free. We consider that the reason for such drastic stress buffering
is owing to the porous microstructures. As described above,
the LNO films were composed of many pores mainly connected
along the film plane, therefore the stress was readily buffered
within short ranges of 200 nm.

3.3 Surface structures observation by FE-SEM
Figure 4 shows surface images of the LNO films of 1, 2, and 4

layers. One can notice that the LNO films are porous structures in
every film. When we precisely observe the surface structures, we

also notice that the film has two different shapes of pores, i.e. the
large cracks (about 200 nm) with relatively slender shape and
small pores (about several tenths to 100 nm) with relatively round
shape. It is worth to note that the large cracks decreased and the
small pores became clear with increasing the LNO film thickness.
With considering the stress state seen in the TEM analysis, it
is implied that the large cracks were caused by the cracking due
to strong thermal expansion applied to the LNO film, whereas
the small pores are the other reasons. The small pores might
be resulted from decomposition of the LNO precursor during
annealing. As the similar size of small pores were observed in
the cross sectional observation, it is also implied that the pores
play an important role for buffering the tensile stress applied from
the Si substrate.

4. Conclusion

LNO films with different thickness were prepared on the Si
substrate by CSD method. The LNO films showed [k00] orien-
tation perpendicular to the film plane. The LNO films showed
increasing [k00] orientation with increasing the film thickness.
The LNO film was composed of small pores of several tenths to
100 nm in size and the pores effectively buffered the tensile stress
in the LNO films applied from Si substrate due to difference of
the thermal expansion coefficient between LNO and Si. Surface
observation of the LNO film with different thickness indicated

Fig. 3. Lattice parameter changes of the LNO films as a function of the
film thickness [area numbers indicates the corresponding areas in the
Fig. 2(a)]. The lattice parameters indicated that the tensile stress applied
to the LNO films at the interface between the LNO film and the Si
substrate decreased with increasing the film thickness and became almost
stress free when it reached 200 nm.

Fig. 4. Surface SEM images of the LNO/Si films with various LNO layer thicknesses. (a) 50 nm, (b) 100 nm, and (c) 200 nm.
Thin layer films (50 and 100 nm) showed large cracks of about 200 nm in size, whereas 200 nm thick films showed small pores
and no large cracks.
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large cracks (about 200 nm) and small pores (about several tenths
to 100 nm) were generated on the surface of the LNO films.
As the large cracks decrease with increasing the film thickness,
the cracks was considered to be formed due to the tensile stress
applied to the LNO films. The small pores, on the other hand,
seemed to be formed during annealing and played an important
role for buffering the tensile stress from the Si substrate.
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