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ABSTRACT

This research studies fabrication and properties of lead zirconate titanate-
based system. PZT thin films embedded with WO3 and CuO nanoparticles with
formula PZT/XWO3 and PZT/xCuO (when x = 0, 0.1, 0.2, 0.3, 0.4, 0.5 and 1 wt%)
were prepared by a hybrid chemical solution process. Nanopowders of WOz and CuO
were suspended in an organometallic precursor solution of PZT, coated on platinized
silicon substrate using a spin-coating technique, and pre-heated on a hot-plate at
400°C for 30 min. A layer of PZT solution was subsequently deposited to infiltrate
into pores (or defects) in the composite films. Lastly, the composite films were heated
again on a hot-plate at 400°C for 30 min, followed by the final heat treatment carried
out at 600°C for 30 min. In PZT/WOs3 system, phase characterization showed that all

films possessed a crystalline perovskite structure with the second phases appearing at
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higher WO3 added contents as shown by the reaction between PbO and WOsa.
However, a broad hump peak at 20 ~ 29° belonging to a pyrochlore phase appeared to
increase with increasing WOs concentration. SEM micrographs indicated crack-free
and equiaxed grains for all compositions. The addition of WO3 reduced a grain size of
PZT films. Electrical property measurements showed that the dielectric constant
reduced with the addition of WOs and further decreased with increasing the
concentration of WOs. However, the dielectric constant increased at the WOs
concentration of 1 wt%. Ferroelectric results also reduced when WO3 was added and
increased at 1 wt% WO3 were added. This is believed to be cause by donor doping
and mixing phases of rhombohedral and tetragonal, which were closest to MPB
region. These were believed to be the key to improve the electrical properties of
PZT/1 wt% WOs3 films.

For PZT/CuO system, XRD results indicated that all the films possessed a
crystalline perovskite structure. However, a secondary phase appeared at higher CuO
content (> 0.4wt%) when annealing at 600°C. The second phase was matched with
Pb(Cu202), a product of a reaction between PbO and CuO. Changes in preferred
orientation of PZT/CuO films depended upon CuO concentration. SEM micrographs
showed dense and equiaxed grains were present in all films. The micrographs also
indicated that the addition of CuO increased grain size of PZT films. The dielectric
and ferroelectric were reduced with the addition of CuO. Among the CuO added PZT
films, the film with 0.2 wt% CuO showed the maximum electrical properties.

Fatigue behavior of PZT films were improved by the addition of WO3 or CuO
nanoparticles. PZT/WO3 thin films showed soft characteristic while PZT/CuO films

showed hard characteristic. The soft PZT thin films showed a significant
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improvement in polarization fatigue compared to undoped PZT and the hard PZT
films. The improved fatigue behavior was also observed in the hard PZT, but the

magnitude was smaller than that found in the soft PZT.
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