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Abstract

The morphology of perovskite LaNiO5; (LNO) thin films is a very important feature considering the fact that they could be used as an electrode
material in ferroelectric devices. In this work, LNO films were prepared from citrate precursors. The films were deposited on Si (100) and Pt
covered Si substrates [Pt (111)/Ti/SiO,/Si] using the spin-on technique. The phase composition of the films was confirmed by X-ray powder
diffraction analysis, while the microstructures were investigated by atomic force microscopy. The influence of the metal ion:citric acid:ethylene
glycol ratio on the morphology of the films was investigated. After optimization of these parameters, very homogenous, uniform and crack-free

LNO films were obtained.
© 2006 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

The quality and aging of memory devices strongly depends
on the nature and quality of the conducting bottom electrode.
Apart from many good properties, Pt electrodes, which are
commonly used in these devices, exhibit some disadvantages:
weak adhesion with the ferroelectric layer, oxygen diffusion
from the ferroelectric into the Pt layer, fatigue effect and high
price. In order to overcome these problems, investigations are
concentrated on the preparation of new materials to substitute
Pt-based electrodes in ferroelectric devices. Some simple, such
as RuO, and IrO,, and complex, such as La, Sr and Ni based
oxides, have been suggested as possible solutions for this
purpose [1]. Among these oxides, LaNiO3 has proved itself to
be a good alternative [2]. It exhibits high conductivity over a
wide temperature range, and its perovskite structure with lattice
parameters close to those of typical ferroelectrics (such as
PZT), enables its good adhesion to the ferroelectric layer [3].
Various physical and chemical methods for preparing LNO
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have been described. Epitaxial LNO thin films were success-
fully obtained by physical methods, e.g., RF magnetron
sputtering [4], PLD [5] and MPE [6]. On the other hand,
chemical methods, such as sol-gel [7], MOD [8] and chemical
solution decomposition [2,3] are simpler and enable easier
control over the stoichiometry of the final product.

In this work, LNO was synthesized from citrate precursor
solutions by a modified Pechini method [9]. The procedure is
based on the preparation of complex compounds between citric
acid and La®* and Ni** ions. Ethylene glycol is added to a
mixture of metal citrates, where it forms polyester chains with
the citric acid. These complex molecules further build an
organic network (matrix) with metal ions homogeneously
distributed inside. LNO is obtained after combustion of the
organic material and annealing at higher temperatures. There
are numerous literature data reporting the influence of viscosity
[10], concentration [2,11], annealing temperature [12] or pH of
the precursor solution [13] on the microstructure and other
features of LNO and other complex metal oxide thin films. The
atmosphere during thermal treatment plays an important role in
controlling the stoichiometry, as well as electrical and transport
properties of LNO [14,15]. The experimental results have
shown that the preparation of good quality LNO films requires
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further investigation and optimization of certain parameters. It
is extremely important to study the chemistry of the precursor
solutions, since this is a crucial factor for the stoichiometry,
homogeneity and microstructure of the obtained films.

The aim of this work is to determine in what way the
microstructure of the film depends on the metal ion:citric
acid:ethylene glycol molar ratio.

2. Experimental

Four precursor solutions with metal ions, citric acid and
ethylene glycol in the following molar ratios: 1:4:16, 1:4:20,
1:4:60 and 1:5:25 were prepared. The starting ratio (1:4:16) was
the most commonly used one [9,13,16]. The calculated amount
of citric acid was added to an aqueous suspension of lanthanum
oxide (La,0O3) and the mixture was refluxed for two hours at
120 °C. The amorphous lanthanum citrate was dissolved in
ammonia by adjusting the pH of the solution to 7 [17]. Nickel
citrate was synthesized by heating an aqueous solution of nickel
acetate [Ni(CH3COO),-4H,0] with the calculated amount of
citric acid. The LNO precursor solution was prepared by
mixing two citrate solutions (in 1:1 molar ratio of La:Ni), and
adding the appropriate amount of ethylene glycol. Finally, by
addition or evaporation of water, the viscosity of all solutions
was adjusted to 30cP using a Haake Rotovisco RV
20viscometer.

The solutions were deposited onto Pt covered Si [Pt (111)/
Ti/Si0,/Si] and Si (100) substrates using the spin-on technique
at 3000 rpm for 30 and 20 s, respectively. After every layer, the
films were thermally treated in an air atmosphere in the
following manner: dried at 100 °C, slowly heated up to 300 °C
at a heating rate of 1 °C/min and further heated up to 700 °C at a
heating rate of 20 °C/min, at which temperature they were
annealed for 30 min. These thermal conditions are based on our
earlier investigations. After optimization of the metal ion:citric
acid:ethylene glycol molar ratio, the influence of thermal
treatment in flowing oxygen atmosphere was investigated.
Films were prepared in an oxygen atmosphere under the same
heating conditions as the films prepared in air.

The microstructure of the thin films was analyzed by AFM
(AutoProbe CP Research, TM microscopes). The characteristic
parameters: R, (average roughness), RMS (Root Mean Square),
D, (longest diameter of the grain) and D, (diameter normal to
D) were determined from the obtained micrographs. X-ray
diffraction (XRD) analysis was performed on a Siemens D500
instrument using Ni filtered Cu Ka radiation.

3. Results and discussion

Citric acid has three carboxyl groups and potentially, when
not coordinated, it could make three ester bonds with ethylene
glycol. On the other hand, when polymeric lanthanum citrate is
formed, two of the three COO™ groups are involved in
coordination [18]. In order to obtain a well-defined polyester
network, which should provide the preparation of smooth and
uniform films, it is necessary to establish the appropriate
amounts of citric acid and ethylene glycol and to optimize their
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Fig. 1. XRD pattern of LNO film deposited on Pt substrate from 1:4:16
solution.

ratio. It was recommended previously that the amount of citric
acid should be four times the amount of metal ions [13,14],
although some researchers suggested that this ratio could be
smaller [19]. For this reason, the initial ratio employed in this
work was 1:4:16.

The XRD pattern of the LNO thin film obtained from a
1:4:16 solution and deposited on a Pt substrate is shown on
Fig. 1. Almost identical patterns were obtained using the other
precursor solutions, and they all confirmed the presence of
well-crystallized LNO films.

The structure of a three-layer LNO thin film obtained from a
1:4:16 precursor solution on a Pt substrate is shown in Fig. 2.
The surface contains large cracks and it is difficult to
distinguish particular grains. The films deposited on a Si
substrate had a similar structure. If it is assumed that the amount
of citric acid in the solution was sufficiently high, then the
observed cracks were probably caused by low amount of
ethylene glycol in the precursor solution. A possible explana-
tion is a poorly formed organic network, the combustion of
which causes large thermal stress and produces cracks on the
film surface.

LNO thin films obtained from 1:4:20 precursor solutions
exhibited a completely different surface (Fig. 3a and b). The
addition of a larger quantity of ethylene glycol in the precursor
solution greatly improved the microstructure of the films. Oval
grains appeared on the surface and the cracks were much
smaller than in the case when 1:4:16 solution was used.

Fig. 2. AFM micrograph of three-layered LNO thin film deposited on Pt
substrate from 1:4:16 solution.
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Fig. 3. AFM micrographs of LNO thin films obtained from 1:4:20 solution and
deposited on (a) Pt substrate (one layer) and (b) Si substrate (two layers).

Thin films deposited on Pt substrates had smaller grains than
those on Si substrates (Table 1) suggesting a greater number of
crystallization centers on the Pt substrates [20], probably
because of the catalytic effect of platinum on the formation of
LNO films. The grain size and roughness increased with
increasing the number of layers deposited on Pt substrates.

Deposition of a 1:4:60 solution, with the highest quantity of
ethylene glycol, on Si substrates resulted in highly textured
LNO thin films with smooth, crack-free surfaces and oval-
shaped grains. The size of the grains decreased with increasing
the number of deposited layers (Fig. 4b, Table 2). The
roughness of these films was lower in comparison to films
obtained from 1:4:16 and 1:4:20 precursor solutions, and
slightly increased with the number of layers.

LNO films deposited on Pt substrates from the same
precursor solution had a very fine microstructure (Fig. 4a).
They were very smooth without cracks or pores. Contrary to the
results for Si substrates (Fig. 4b), the roughness of these films
decreased with increasing number of layers (Table 2). This is
very important because lower roughness enables better contact
between the conducting thin films and other materials.

Obviously, the addition of a larger amount of ethylene glycol
greatly improves the microstructure of LNO thin films. Simoes

Table 1
Grain size and roughness of LNO films obtained from 1:4:20 solution

Substrate/number of layers Grain size (nm) Roughness (nm)

D, D, R, RMS
Pyl 91 43 5.0 6.5
P2 9 62 6.2 8.1
Si/l 205 86 3.2 4.1
Si/2 130 62 3.6 45
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Fig. 4. AFM micrographs of two-layered LNO thin films deposited from 1:4:60
solution on (a) Pt and (b) Si substrate.

et al. showed that decreasing the of viscosity of the precursor
solution from 40 to 20 cP led to better surfaces of some thin
films prepared using a similar method and similar precursors
[10]. Considering the fact that in this work the viscosity of all
the precursor solutions was adjusted to 30 cP, and that the films
obtained from the solution with the highest concentration of
ethylene glycol had the best microstructure, it seems that the
crucial parameters are not, individually, the viscosity or metal
ion:citric acid ratio, but the overall metal ion:citric acid:ethy-
lene glycol ratio. Therefore, ethylene glycol is the key factor
which controls the structure of the organic matrix in which the
metal ions are distributed and consequently, it influences the
structure of the thin film itself. A larger amount of ethylene
glycol enables a better connection between the polyester chains

Table 2
Grain size and roughness of LNO films obtained from 1:4:60 solution

Substrate/number of layers Grain size (nm) Roughness (nm)

D, D, R, RMS
Pyl 122 99 43 5.4
Pi/2 68 49 2.6 32
Py4 99 60 2.4 3.0
Si/l 98 69 2.0 2.6
Si/2 82 59 2.7 33

Si/4 80 46 3.0 3.8




302 M. Pocuca et al./Ceramics International 34 (2008) 299-303

Table 3
Grain size and roughness of LNO films obtained from 1:5:25 solution

Substrate/number of layers Grain size (nm) Roughness (nm)

D, D, R, RMS
Pt/1 130 85 2.4 33
Pt/2 161 133 13 1.6
Pt/4 124 65 1.5 1.9
Si/1 144 91 2.0 2.5
Si/2 172 86 1.5 2.1
Si/4 190 62 32 4.1

and decreases the stress during the thermal treatment of the
films, which as a result prevents the formation of cracks
[11,12].

In order to investigate the influence of the amount of citric acid
on the quality of the obtained films, a 1:5:25 solution was also
prepared. The thin films obtained from this solution had a smooth
surface and were crack-free. On the other hand, there was no
uniform grain size distribution and no relation between the grain
size and the number of deposited layers was observed (Table 3).
The grains in these films were larger and not quite oval, while the
roughness was smaller than that of the other investigated films.
Some grains elongated with the number of deposited layers,
while others grew abnormally grow in the Z-direction (Fig. 5).

Furthermore, a 1:4:60 solution was deposited on Si
substrates and thermally treated under an oxygen atmosphere.

0.20 pm/div
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Fig. 5. AFM micrographs of two-layered LNO thin films obtained from 1:5:25
solution and deposited on (a) Pt and (b) Si substrate.
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Fig. 6. AFM micrograph of LNO thin film (one layer) obtained from 1:4:60
solution, deposited on Si substrate and thermally treated in oxygen atmosphere.

It was expected that thermal treatment in flowing oxygen would
additionally improve the microstructure and, consequently, the
electrical properties of the films [14,15]. Indeed, LNO films
prepared in oxygen showed significantly different microstruc-
tures (Fig. 6). The grains of these films were aligned along one
direction. They were not oval and were much bigger (around
290 nm) than those of corresponding LNO films treated in air.
This could be the result of a faster diffusion of oxygen which
led to the faster grain growth and easier oxidation of Ni** to
Ni>*, but also to the formation of some cracks on the surface of
the films. However, the roughness was higher (R, = 5.2 nm and
RMS = 6.5 nm) than that of films treated in air, which makes
them less suitable for electrode application. In order to improve
properties of thin films obtained in oxygen atmosphere it will be
necessary to perform additional optimization of the thermal
treatment conditions.

4. Conclusions

In this work, crystalline LNO thin films were obtained by the
polymeric precursor method on both Pt and Si substrates. It was
shown that the microstructure of the obtained films is greatly
dependent on the molar ratio of the chemicals (metal ions:citric
acid:ethylene glycol) in the precursor solution. By adjusting
this ratio to 1:4:60, uniform, crack-free thin films were obtained
with an average grain size of around 80 nm and RMS of around
3 nm. Films thermally treated in an oxygen atmosphere have a
different microstructure with larger grains and, consequently,
greater roughness than those treated in an air atmosphere. This
work also proved that the amount of employed ethylene glycol
plays a very important role in forming LNO thin films with a
good microstructure; when it is added in a very high excess, the
surface of the film is without cracks or pores and much
smoother.
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