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Abstract: Thin ceramic films play an important role in modern
technology. One of the more utilized methods of deposition of
ceramic films is spin coating. In this paper we investigate optimal deposition parameters for LaNi0.6 Fe0.4 O3−δ thin layers spin
coated from a polymeric precursor. The quality of the obtained
layers is checked using scanning electron microscopy. Additionally, we investigate the growth of grains in ceramic films annealed
at different temperatures. Sample morphology is determined
by atomic force microscopy. We also compare LaNi0.6 Fe0.4 O3−δ
grain growth with La0.6 Sr0.4 Co0.2 Fe0.8 O3−δ . Moreover, a review
of basic coating methods is presented.

1. Introduction
In the second half of the 20th century ceramics began to play a new role in the
development of modern technology. Since then, there are continuous studies devoted
to finding new types of mechanically strong, chemically inactive, heat resistant, nonconducting, and - the most interesting - conducting or semi-conducting ceramics. In
many applications thin ceramic films are the most beneficial. This includes solid
oxide fuel cells, gas (especially oxygen) sensors, protective coatings and more. In
the case of solid oxide fuel cells dense ceramic films are used most commonly as an
electrolyte, usually ∼10 µm thick, made of yttria-stabilized-zirconia. Also the cathode
is made of ceramic film, in most applications porous, electronic conducting perovskite,
e.g. LaNi0.6 Fe0.4 O3−δ (Ivers-Tiffée et al., 2001). Thin ceramic films, e.g. ceria, can
be used as oxygen (or other gases) sensors, since conductivity in these materials is
activated by oxygen non-stoichiometry. This is directly connected with the amount
of oxygen in the surrounding gas (Jasinski et al., 2003). There are also applications
that use only chemical properties of the ceramics. One of them is coating of steel
bone implants. The introduced ceramic layer is biocompatible and protects steel
from oxidation (Chavalier and Gremillard, 2009).
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There are various ways of introducing ceramic films. Most of them use already
prepared powders in the form of a slurry or a paste. Pastes are used in brush painting
and screen printing which are well developed methods popular in the field of fuel cells.
Less viscous slurries can be spin coated or spray coated. Although using pastes or
slurries is simple, it usually requires high temperature sintering to obtain a mechanically stable film. In some applications this may be a significant obstacle. As a result,
polymeric precursors are often used instead of slurries. They contain dissolved compounds which, after heat treatment at a relatively low temperature, form the desired
oxide (ceramic) layer.
In this paper we present our own research concerning deposition and growth of
thin ceramic film spin coated from a polymeric precursor. We study the impact of
deposition parameters on resulting film morphology using electron microscopy. We
also use atomic force microscopy to determine how film structure changes during
sintering at different temperatures. Additionally, we present a short review of different
methods of ceramic film deposition.

2. Review of ceramic layer deposition methods
The following section contains a brief description of the most common ceramic deposition techniques. These are: screen printing, brush painting, spray coating and spin
coating. Techniques which are clearly not suited for mass production, e.g. pulsed
laser deposition are not described here.

(a)

(b)

Fig. 1. Equipment used for (a) spin coating and (b) heat treatment after deposition.

2.1. Deposition from pastes
The most common techniques of ceramic layer deposition are screen printing and
brush painting. In both cases the layer is obtained from a paste, which is a mix
of ceramic powder with appropriate binders and solvents (Stodolny et al., 2012).
While screen printing is automated and results in highly reproducible layers it can
be time consuming, especially when a small number of samples is prepared. On the
other hand, brush painting is performed by hand and therefore is faster for small
numbers of samples. It is also possible to cover all sorts of shapes with a paste, while
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screen printing is applied only for perfectly planar objects. In both cases, after the
deposition, the paste is heated, usually up to the sintering range of temperatures (i.e.
above 1000 ◦ C for LaNi0.6 Fe0.4 O3−δ ).
2.2. Spray coating
Spray coating is performed using an air gun and an appropriate slurry or precursor.
A slurry is a type of ceramic powder suspension, similar to a paste, but less viscous.
When sprayed on a hot surface (i.e. 100 ◦ C) the solvent evaporates, which creates
a flat ceramic layer. This layer has to be sintered (Kosedowski et al., 2011). In the
case of a precursor, the sprayed liquid is a solution of appropriate metal salts in an
organic solvent. When deposited on a very hot surface (i.e. 400 ◦ C) metal cations
are oxidized creating very small grains of the desired ceramic. This layer does not
necessarily have to be further sintered or annealed (Halmenschlager et al., 2013). In
both cases, the layer can be deposited on objects of various shapes and sizes.
2.3. Spin coating
Spin coating is a method widely used in electronics. A small amount of liquid is
applied to the surface of a horizontally rotating sample. Centrifugal force causes
the liquid to spread evenly over the whole surface. Similarly to spray coating, spin
coating can be performed using a slurry or a precursor. In the case of a slurry,
the solvent evaporates leaving a highly uniform solid layer (which requires further
sintering). In the case of a precursor, spin coating leaves a thin gel layer, which after
appropriate heat treatment creates a dense ceramic. Properties of the obtained film
can be controlled by parameters like: precursor/slurry viscosity, solvent volatility,
angular velocity, the amount of the applied liquid, and rotating time (Norman et al.,
2005). A spin coater and a hot plate are shown in Fig. 1.

3. Spin coating from a polymeric precursor
Thin LaNi0.6 Fe0.4 O3−δ (LNF) layers were spin coated from a polymeric precursor on
a previously prepared gadolinium doped ceria (CGO) substrates. Different spinning
rates and precursor viscosities were investigated. The precursor was prepared using
a modified Pechini method. Lanthanum, nickel and iron nitrates were dissolved in
distilled water. The solution was stirred and heated on a hot plate. Next, citric acid
was dissolved with 2-times molar excess to metal cations. When the solution became
clear ethylene glycol was added in 40-times molar excess. The solution was stirred
at 80 ◦ C for 24 h to evaporate water. The obtained precursor was a clear liquid.
Since it was too viscous for spin coating, 2-etoxyethanol (2-EE) was added to the
precursor in weight ratio 1:2 or 1:1. Another function of 2-EE was to increase the
wetting properties of the precursor. Both precursors were spin coated with different
spinning rates. After every deposition samples were fired at 500 ◦ C on a hot plate.
Then spin coating was repeated until desired thickness was obtained. The thickness
of the deposited films was calculated from mass change of the samples.
Fig. 2 (a) shows the obtained film thickness as a function of the number of depositions with different spinning rates (for a more viscous precursor). Fig. 2 (b) shows
mean film thickness change per one deposition as a function of spinning rate for both
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Fig. 2. Deposited film thickness as a function of the number of depositions (a) and
the spinning rate (b).

prepared precursors. These values are slopes of line approximations shown in Fig. 2
(a), also for the less viscous precursor.
Spinning rates of 2500 rpm resulted in a linear gain of mass (thickness) with every
deposition. Spinning rates of 1500 and 3500 rpm resulted in a lower linearity, which
implicates worse film reproducibility. Also decreasing viscosity (more 2-EE) improves
reproducibility and enables deposition of thinner films. The deposited films’ quality
was further investigated using scanning electron microscopy (SEM). Fig. 3 shows SEM
surface images for samples deposited from a more viscous precursor (less 2-EE) with
different spinning rates (a), (b), (c). It is clearly visible that thicker layers deposited at
lower rpm are full of cracks. On the other hand, using a less viscous precursor enables
the deposition of thinner and more perfect layers at 2500 rpm, which is shown in
Fig. 3 (d). As a result, the 1:1 mixture of a polymeric precursor and 2-etoxyethanol
and the spinning rate of 2500 rpm were chosen as proper parameters for depositing
thin LNF layers.

4. Thin film growth
Thin films are by definition less stable structures than their bulk analogs (Kelsall
et al., 2005). As a result, thin films begin to recrystallize at lower temperatures than
the bulk ones. In the case of ceramic films this effect can be positive or negative. For
example, annealing CGO in temperatures below 1000 ◦ C can increase grain uniformity
without a change in morphology or any phase transitions (Halmenschlager et al.,
2013). Here we present another aspect of ceramic thin film changes during annealing.
We show that when annealed, grains of a thin film have a tendency to grow. We
performed an experiment, in which LNF and La0.6 Sr0.4 Co0.2 Fe0.8 O3−δ (LSCF) layers
prepared in a previously described manner were annealed at gradually increasing
temperatures. After the initial firing and every annealing, layer morphology was
examined using atomic force microscopy. Fig. 4 shows AFM surface micrographs of
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Fig. 3. SEM surface images of films deposited in the following conditions: (a) 1500
rpm, (b) 2500 rpm, (c) 3500 rpm, (d) 2500 rpm with more 2-EE.

LNF (a) and LSCF (b) films after initial firing at 500 ◦ C. Grains forming the layer are
not observed. The formations visible in Fig. 4 are most probably caused by roughness
of the CGO substrate. Therefore, after initial heat treatment the obtained layer has
either nanometer-size grains or an amorphous structure.

Fig. 4. AFM surface micrographs of LNF (a) and LSCF (b) films before annealing.

Morphology of the LNF layer annealed at different temperatures is showed in
Fig. 5. After annealing at 800 ◦ C (a) the LNF layer already exhibits a well-defined,
granular structure, although substrate morphology is still recognizable. Annealing
at higher temperatures (b-d) resulted in obtaining significantly larger grains. Tab. 1
lists calculated mean grain size of the measured LNF layers.
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Fig. 5. AFM surface micrographs of LNF films after annealing at: (a) 800 ◦ C, (b)
900 ◦ C, (c) 1000 ◦ C, (d) 1100 ◦ C.

Morphology of the LSCF layer annealed at different temperatures is showed in
Fig. 6. Tab. 2 lists calculated mean grain size of the measured LSCF layers. It is
noticeable that LSCF creates smaller grains than LNF.

5. Summary
Thin ceramic layers made of LNF and LSCF were spin coated on a CGO substrate
from a polymeric precursor. We showed that a 1:1 mixture of a polymeric precursor
and 2-etoxyethanol and the spinning rate of 2500 rpm are optimal parameters for

Tab. 1. Mean grain size of LNF layers annealed at different temperatures.
Temperature [◦ C]

500

800

900

1000

1100

Grain size [nm]

–

181

198

211

291

Tab. 2. Mean grain size of LSCF layers annealed at different temperatures.
Temperature [◦ C]

500

800

900

1000

1100

Grain size [nm]

–

102

131

170

205
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Fig. 6. AFM surface micrographs of LSCF films after annealing at: (a) 800 ◦ C, (b)
900 ◦ C, (c) 1000 ◦ C, (d) 1100 ◦ C.

deposition of ceramic layers. Such approach resulted in films gaining ∼40 nm per
deposition. Additionally we showed how grains of the deposited layers grow in respect
to the annealing temperature. After heat treatment at 1100 ◦ C LNF grains grew up
to 291 nm, while LSCF grains grew up to 205 nm. As a result, film microstructure
can be easily controlled by post-deposition annealing.

References
Chavalier, J. and L. Gremillard (2009), ‘Ceramics for medical applications: A picture
for the next 20 years’, Journal of the European Ceramic Society pp. 1245–1255.
Halmenschlager, C. M., R. Neagu, L. Rose, C. F. Malfatti and C. P. Bergmann
(2013), ‘Influence of the process parameters on the spray pyrolysis technique, on the
synthesis of gadolinium doped-ceria thin film’, Materials Research Bulletin pp. 207–
213.
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