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Nanostructured thin films of cerium dioxide have been prepared
on single-crystalline silicon substrates by ultrasonic spray
pyrolysis using cerium acetylacetonate as a metal–organic pre-
cursor dissolved in anhydrous methanol and acetic acid as an
additive. The morphology, structure, optical index, and electri-
cal properties were studied by X-ray diffraction, scanning elec-
tron microscopy, atomic force microscopy, ellipsometry, and
impedance spectroscopy. The use of additives is very important
to obtain crack-free films. The substrate temperature and flow
rate was optimized for obtaining smooth (Rao0.4 nm), dense
(n42), and homogeneous nanocrystalline films with grain sizes
as small as 10 nm. The influence of thermal annealing on the
structural properties of films was studied. The low activation
energy calculated for total conductivity (0.133 eV) is attributed
to the nanometric size of the grains.

I. Introduction

CERIUM dioxide (CeO2) has been of great interest during the
last years due to its multiple applications in several key ar-

eas of thin film technology. This material has a cubic fluorite-
type crystal structure (lattice spacing 0.5411 nm) and combines a
large bandgap (o3.5 eV) with a high dielectric constant (e�26),
high ionic conductivity, and high-temperature stability.1–8 Be-
cause of its chemical stability and close lattice parameter match-
ing with silicon (0.35% lattice matching), CeO2 has potential
applicability in the area of optoelectronics: in silicon-on-insula-
tor structures, stable capacitor devices for large-scale integra-
tion, photoelectrodes in dye-sensitized solar cells, and stable
buffer layers between high-temperature superconducting mate-
rials and silicon substrates.6–14 The high ionic conductivity has
attracted great interest for applications such as gas sensors15,16

and electrolyte or anode materials for intermediate-temperature
solid oxide fuel cells (IT-SOFC).17–28

Several physical and chemical processes have been used to
prepare CeO2 thin films, including flash evaporation,3 electron-
beam evaporation,4,5,9,15 spin coating,1,2,16,23 sputtering,6,29

MOCVD,30 laser ablation,31–33, and spray pyrolysis in its three
versions: electrostatic, pneumatic, and ultrasonic.7,11–14,18–20,33,34

Among them, the spray pyrolysis techniques are very attractive

for the industry, because they allow the deposition of a wide
variety of ceramic films over large areas with a simple process at
low costs. Each one of the spray pyrolysis versions has advan-
tages and drawbacks in terms of complexity and quality of the
deposit.35,36 Electrostatic spray deposition (ESD) has been used
for preparing YSZ- and CeO2-based films.14,18,20,36,37 This tech-
nique produces almost monodispersed and fine drops; however,
the effect of preferential landing of the charged droplets can lead
to porous and/or cracked films. In pressurized spray deposition,
there is less control on the microstructure of the deposited films
due to a higher dispersion of droplet sizes.38 However, it is re-
ported as a more adequate technique to deposit dense films
compared with the ESD technique. Ultrasonic spray deposition
(USD) allows a smaller and homogeneous droplet size than
electrostatic or pressurized spray,35 and it has been widely used
to prepare YSZ thin films.35,39–41 In contrast, CeO2 thin films
have been produced only by Wang et al.13 using USD. Anyway,
in the three cases, the selection of precursors and the process of
parameters’ optimization have a great influence in the final
properties of the films.

Nanostructured materials are characterized by unique
physico-chemical properties with important applications. One
of the most rapidly growing areas of investigation is the IT-
SOFC.21–24,27,28,34,35,42,43 Recently, ultrasonic spray pyrolysis
with optimized process conditions has been used for obtaining
nanostructured YSZ thin films, improving their electrical prop-
erties,35 but conductivities are still low. The efficiency of this
material as an electrolyte in SOFC can be increased using mul-
tilayer systems with nanostructured ceria-based materials.18,26,28

But there are no reports of nanostructured ceria thin films ob-
tained by this technique.

In this work, ultrasonic spray pyrolysis was used to deposit
dense CeO2 thin films with nanometric grain size. A study of the
influence of different deposition parameters and the thermal an-
nealing in the morphology of the films was made. The electrical
properties of the films obtained were measured and compared
with previous reports.

II. Experimental Procedure

The experimental setup shown in Garcı́a-Sánchez et al.35 was
used. The diameter of the nozzle was 16 mm and the distance
nozzle-substrate was fixed to 20 mm. Films were deposited onto
(100) n-type, 200 O � cm single crystalline silicon slices in order to
perform electrical measurements at high temperatures. The sub-
strates were ultrasonically cleaned, with trichloroethylene, ace-
tone, methanol, and 5% HF solution in order to remove the
native oxide. The spray solution was 0.025M of cerium (IV)
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