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Lead lanthanum zirconate titanate [PLZT (9/65/35)] thin films were prepared by dip-coating on
Si (100) or Si/Ti/Pt (100) substrates using a polymeric precursor solution and annealed at 650 °C
for 3 h. Perovskite phase formation of the PLZT thin films and microstructure were analysed using
XRD and SEM. Effects of Si (100), Si/Ti/Pt (100) substrates and atmosphere on crystallization of
PLZT thin films were studied. Films deposited on platinum coated silicon (100) show a heteroge-
neous surface with presence of bubbles. Otherwise, the PLZT (9/65/35) thin films deposited on
silicon (100) substrate shows a more uniform surface after annealing in oxygen atmosphere.
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1. Introduction

The ferroelectric PLZT thin films have been used for
ferroelectric random acess memory (FRAM), waveguide
modulator, display, and other electrooptic devices1-8. Due
to the high temperatures required for the formation of the
ferroelectric perovskite phase and the complex
stoichiometry, the production of PLZT thin film has not
proved easy and, at present, a wide range of thin films
synthesis techniques, such as MOCVD, sol-gel, RF mag-
netron and ion beam sputtering, and laser ablation are
subject to intensive research9. One of the method recently
applied to obtain thin films is the polymeric organic solu-
tion based on Pechini’s method. The thin films of (LiNbO3,
SrTiO3 and SrBi2Nb2O9) obtained from Pechini’s method
have a good morphologies and structural characteristics,
which are very important to optical properties10-12. This
method has also been used to obtain PLZT powders with
good stoichiometry control and high surface area13.

It has been reported that the crystallization process is
affected by variable such as composition (Zr/Ti ratio),
substrate, annealing temperature, atmosphere, drying con-
dition3-8. It was noticed that the oxygen atmosphere has a
prominent influence on crystallization process of PLZT. 

The crystallization process developed at a lower tem-
perature results in a Ti-rich PLZT compositions and at
higher temperatures results in a Zr-rich PLZT composi-
tions14. Films annealed at higher temperatures can lead to
a secondary phase Pb-deficient, Pb (Ti, Zr)3O7. Higher
temperatures also favors the interfacial reactions with sili-
con-based substrates. Much effort has been expended on
the processing of PLZT to eliminate the undesirable phase
on the composition of thin films. Thus, the control of
atmosphere and temperature are critical factors in the de-
velopment of single-phase perovskite material.

The crystallographic orientation of thin film affects
significantly the material properties and it’s possible to
modify the orientation of the film by controlling the orien-
tation of the underlying layer, film thickness and atmos-
phere flow. In general, PZT and PLZT films deposited on
silicon and platinum coated silicon substrates have (111)
preferred orientation because in this plane the interatomic
distances of the material and substrate are very closed.

The effect of oxygen atmosphere on the crystallization
of the PLZT phase is to prevent the volatility of PbO,
control the stoichiometry and improve the electric proper-
ties of the film15.
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The ferroelectric PLZT (X/65/35) with La content in
the interval of 8-10 mol% has been extensively studied
because of the high transparency at visible light and its
large electrooptic effect16-20.

Having this in mind, the main objective of this work is
to study, the PLZT thin films with the chemical formula
Pb0.91La0.09(Zr0.65Ti0.35)O3 obtained by dip-coating from a
citrate organic solution. The effects of substrates and at-
mosphere on crystallization and morphology of PLZT
(9/65/35) thin films were analysed21.

2. Experimental

In this study the PLZT composition named (9/65/35)
was used. Zirconium n-propoxide (Aldrich), titanium iso-
propoxide (Hulls AG), hydrated lanthanum carbonate
(Aldrich) and lead acetate (Merck) were used as raw mate-
rials. The precursors solutions of zirconium, titanium, lan-
thanum and lead were prepared by adding the raw materials
in ethylene glycol and citric acid during heating and stirring
at 90 °C. Appropriate quantities of solutions of Zr, Ti, Pb
and La were mixed and homogeneized by stirring at 90 °C.
The viscosity of the solution was adjusted at 40 cP by
addition of water and measured by Brookfield viscosime-
ter. The films were deposited by dip-coating process. The
withdrawal speed of substrate from the solution was ad-
justed at 5 mm/min, and the heating rate for crystallization
of PLZT thin films was adjusted at 5 °C/min. These condi-
tions were used to obtain homogeneous and crack-free
films.

PLZT films obtained from polymeric solution were
deposited on silicon (100) and platinum coated silicon
(100) substrates and pre-annealed at 90 °C in a hot plate for
polyesterification, elimination of water and the excess of
ethylene glycol. Films with 1, 2 and 3 layers were prepared.
For each single layer thermal treatment was perfomed at
650 °C. To study the effect of atmosphere on the crystal-
lization, the films were annealed in static air and dynamic
oxygen flow of 50 mL/min.

Phases analysis of the films was performed at room
temperature using X-ray diffractometry (XRD). The mor-
phology of the annealed films was studied using scanning
electron microscopy (SEM) while the roughness was meas-
ured by atomic force microscopy (AFM). PLZT films
surface were analysed without any cover or special prepa-
ration and with incidence of secondary electrons.

3. Results and Discussion

The X-ray diffraction data obtained from PLZT thin
films deposited on silicon (100) substrates are shown in Fig.
1. The PLZT films were prepared from solution with vis-
cosity 40 cP (1, 2 and 3 layers) and annealed at 650 °C for

3 h in static air and oxygen flow atmosphere. The peaks
located at 2θ = 22°, 31.3°, 38° and 44.78° corresponds to
polycrystalline PLZT phase for films annealed in air (Fig.
1a). It was also observed an increase in the intensities of
the peak with increasing of film thickness. The pyrochlore
phase was only observed for films with three layers (Fig.
1a curve (c)). It can be concluded that the air atmosphere
favored the crystallization of polycrystalline PLZT phase.

Films annealed in oxygen atmosphere showed some
preferential orientation on the direction (111) and (200) of
PLZT phase, as well as a presence of small amount of
pyrochlore phase. It is indicates that the presence of pyro-
chlore phase does not prevent the preferential orientation
of PLZT phase during annealing.

These results pointed that the use of oxygen atmosphere
during annealing has a prominent influence on formation
of PLZT crystalline phase. Independently of the number of
deposited layers, the presence of oxygen favored the crys-
tallization of PLZT phase with preferential orientation on
directions (111) and (200), (Fig. 1b).

Figure 1. XRD patterns of PLZT films (η = 40 cP) deposited on Si (100)
substrate and annealed at 650 °C for 3 h in differents atmospheres: (a) air
and (b) oxygen.
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The oxygen flow promotes the decomposition of the
organic material that is an exothermic reaction. Increasing
the speed decomposition, the amount of energy also favor
the crystallization from substrate surface. The preferential
orientation is more evident for the PLZT films with one
layer than for two or three layers (Fig. 1b). This results
suggests that the crystallization process starts from the
surface of substrate which has oriented planes with lower
energy for crystallization of PLZT phase.

The X-ray diffraction data obtained from PLZT thin
films deposited on platinum coated silicon (100) sub-
strates are shown in Fig. 2. The PLZT films were pre-
pared from solutions with viscosity 40 cP (1, 2 and 3
layers) and annealed at 650 °C for 3 h in static air and
oxygen atmosphere. Characteristic peak for platinum
coated silicon (100) substrates was observed in the range
of 38° < 2θ < 41°.

The peak related to polycrystalline PLZT phase at
2θ = 31.3° was observed to films annealed in air and oxy-
gen, Figs. 2a and 2b. Films with three layers annealed in
oxygen atmosphere showed the main peaks of PLZT phase

at 2θ = 22° and 44.78° (Fig. 2b curve (c)). A peak at 2θ =
46° pointed to a reaction between platinum, titanium and
formation of intermetallic Pt3Ti phase. This phase is fa-
vored in an oxygen atmosphere (Fig. 2b curve (a) and (c)).
It can be noticed (Fig. 2b) that the presence of secondary
phase Pt3Ti formed in the interface PLZT-film inhibits the
PLZT growth in some preferential orientation. The Fig 2c.
shows the results of the X-ray diffraction obtained from
PLZT thin films deposited on platinum coated silicon (100)
substrates with low angle where preferential orientation is
not observed.

The morphology of film surfaces obtained for two
layers deposited on silicon (100) and platinum coated sili-
con (100) substrates annealed at 650 °C for 3 h are shown
in Figs. 3 and 4. The surfaces of films are homogeneous
and uniform, (Figs. 3a and 3b). Crack-free thin films were
obtained on platinum coated silicon (100) substrate. Other-
wise, it can be noticed on the surface of films some white
regions (Figs. 4a and 4b). These defects were apparently
caused by differences in thermal properties (thermal expan-
sion coefficient and heat capacity) of platinum (9 10-6 °C-1

Figure 2. XRD patterns of PLZT films (c) oxygen 2.
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and 0.1338 J/g °C) and PLZT film (5.6 10-6 °C-1 and
0.1045 J/g °C). These lead to a higher volatilization rate of
organic materials and of the species with low vaporization
temperature, like PbO. Contrary to that, for the silicon
(100) substrate the thermal expansion coefficient and heat
capacity (3.10-6 °C-1 and 0.0711 J/g °C) are lower than for
PLZT film. Thus, it is able to form a homogeneous and
regular surface of films.

Topography of the films thermally treated in air and
oxygen atmosphere are shown in Fig. 5. It is observed that
independently of substrate used, films annealed in oxygen
atmosphere show a more homogeneous surface compared
to the films annealed in air. This is due to the small
thickness obtained for the films thermally treated in oxygen
atmosphere favoring the redistribution of grains during
annealing.

Figure 4. SEM micrographs of PLZT film surfaces (η = 40 cP) deposited on Si/Ti/Pt (100) substrate with speed of 5 mm/min, heating rate of 5 °C/min
and annealed at 650 °C for 3 h at differents atmospheres: (a) air and (b) oxygen.

Figure 3. SEM micrographs of PLZT film surfaces (η = 40 cP) deposited on Si (100) substrate with speed of 5 mm/min, heating rate of 5 °C/min and
annealed at 650 °C for 3 h at differents atmospheres: (a) air and (b) oxygen.
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4. Conclusions

PLZT thin films deposited on silicon (100) and plati-
num coated silicon (100) substrates and annealed in air
atmosphere are polycrystalline. Films deposited on silicon
(100) substrate and annealed in oxygen atmosphere showed
some preferential orientation on the (111) and (200) direc-
tion. Films deposited on platinum coated silicon (100)
substrate showed the presence of Pt3

Figure 5. AFM results of PLZT (η = 40 cP) films with two layers and annealed at 650 °C for 3 h at: (a) Si (100) and annealed in air atmosphere, (b) Si
(100) and annealed in oxygen atmosphere, (c) Si/Ti/Pt (100) and annealed in air atmosphere and (d) Si/Ti/Pt (100) and annealed in oxygen atmosphere.
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