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Abstract. In this investigation, PZT films were sputter-deposited on Si/SiO2/Ti/Pt substrates using a dual-target
system. The dual targets Pb/PZT(PbZr0.54Ti0.46O3) and PbO/PZT(PbZr0.54Ti0.46O3) were used to reveal the effects
of various lead compensation source materials on the microstructure and ferroelectric properties of the films. The
structures of the films were characterized by X-ray diffractometry (XRD) and field emission scanning electron
microscopy (FESEM). The chemical binding state was determined using X-ray photoelectron spectrometry (XPS).
Ferroelectric polarizability was measured using a Radiant Technology RT66A tester. The influence of deposition
temperatures on the microstructure and ferroelectric properties of the films was studied. Perovskite PZT films were
successfully deposited using the Pb/PZT and the PbO/PZT dual target sputtering systems at a substrate temperature
of between 500 and 580◦C. Structural change was elucidated as a function of deposition temperatures and the lead
sources were correlated with the ferroelectric properties of the film. The ferroelectric characteristics of the PZT
films deposited using the PbO/PZT dual target were better than those of films deposited using the Pb/PZT dual
target, because the former films had a higher bonding energy.
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Introduction

Ferroelectric materials such as lead-zirconate-titanate
(Pb(Zrx ,Ti1−x )O3,PZT) films exhibit ferroelectricity,
piezoelectricity, electro-optical characteristics and
spontaneous polarization. These properties enable PZT
films to be used in a broad range of device applications,
such as surface acoustic wave (SAW) devices, sensors,
non-volatile random-access memories (NVRAMs),
accelerometers and transducers, among others
[1, 2].

PZT films have been prepared by various deposition
techniques, including metal organic chemical vapor de-
position (MOCVD) [3–5], sol-gel processing [6–12],
laser ablation [13–17] reactive evaporation [18] and
sputtering [19–23]. The preparation of PZT films by
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sputter deposition techniques, using various source ma-
terials, has attracted much interest recently [22, 24].
The PbO/PZT dual target system has become well es-
tablished as enabling the lead flux to be controlled pre-
cisely to compensate for the lead deficiency during PZT
deposition. Preparing the PbO target material is diffi-
cult because a high vapor pressure is required during
sintering. Substitution with metallic Pb facilitates the
fabrication of the target material and enables dc sput-
tering. Such a Pb/PZT combination has been rarely
studied.

In this investigation, PZT thin films were deposited
on Pt/Ti/SiO2/Si substrate using both Pb/PZT and
PbO/PZT dual target systems, to reveal the effect of
the source materials used to compensate for the lead
deficiency on the microstructure and ferroelectric prop-
erties of the films. Microstructural changes and ferro-
electric properties were considered in relation to the
deposition temperatures.
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Table 1. Deposition conditions of the PZT films.

Target combination Pb/PZT dual target PbO/PZT dual target

RF power (W) PZT:80, Pb:25 PZT:80, PbO:30
Target diameter 75 mm
Sputtering gas Ar
Working pressure 0.15 Pa
Deposition time 2 h
Substrate Ambient temperature

temperature to 580◦C
Substrate material Pt/Ti/SiO2/Si

Experimental

Table 1 presents the deposition conditions of the
PZT films. The two dual target combinations were
Pb/PZT(PbZr0.54Ti0.46O3) and PbO/PZT(PbZr0.54

Ti0.46O3). The RF powers of Pb/PZT and PbO/PZT
were kept constant at 25W/80W and 30W/80W,
respectively. The substrate temperatures were varied
from ambient temperature to 580◦C. Pt(150 nm)/Ti(50
nm)/SiO2(150 nm)/Si was used as a substrate material.

The crystal structures of the deposited PZT films
were determined using XRD. The cross-sectional mor-
phology of the deposited PZT films was observed using
FESEM. XPS, in combination with a sputter etching
gun, was used to reveal the chemical state of the Pb
element throughout the thickness of the film. Ferroele-
crtric polarization was measured using Radiant Tech-
nology’s RT66A tester.

Results and Discussions

Figure 1 presents the cross-sectional morphology and
the growth rate of the PZT film deposited using Pb/PZT
and PbO/PZT dual targets at various substrate temper-
atures. At the ambient temperature, the PZT films ap-
peared to have smooth surface and featureless cross-
sections, as shown in Figs. 1(a) and (b). In contrast,
the films deposited at a higher substrate temperature of
580◦C, as indicated in Figs. 1(c) and (d) exhibit colum-
nar grain growth from the bottom electrode layer of Pt,
representing an increase in thickness due to Pt/PZT or
Pt/Si substrate interdiffusion.

One difference between using the Pb/PZT and the
PbO/PZT dual target combinations is the resulting
thickness of the film. Figure 1 shows growth rate ver-
sus substrate temperature. Although the target power

Fig. 1. Cross-sectional morphology and growth rate of the PZT
films as a function of substrate temperatures, obtained using
Pb/PZT and PbO/PZT dual target systems. Deposition time was
2 hr.

of the Pb target is less than that of the PbO target, the
growth rate of the films deposited using the Pb/PZT
dual target exceeds that of the films deposited using
the PbO/PZT dual target because the sputter yield of Pb
exceeds that of PbO. The growth rate also declined as
the substrate temperature increased for both dual target
combinations, which result is considered to be a result
of competition driven by the difference between the
activation energy of the lower-temperature phases and
that of the higher-temperature phases. Furthermore, the
high evaporation pressure of Pb also reduces the thick-
ness of the film. For both dual target systems, the phases
formed in the deposited films changed as the substrate
temperature increased, as shown in Fig. 2.

The PZT films deposited at ambient temperature us-
ing Pb/PZT dual target were found to be amorphous
structures and the perovskite phase and α-PbO2 phase
coexisted at 500◦C. The films become predominantly
perovskite phase at 580◦C. The coexistence of pry-
ochlore and Pb3O4 phases is observed in the PZT films
deposited using PbO/PZT dual target system at 400◦C.
The films become predominantly perovskite phase over
500◦C, as shown in Fig. 2(b). The results demonstrate
that lower substrate temperatures can be attained when
a PbO/PZT dual target combination is used rather than
using a Pb/PZT dual target system. Optimization of
PbO target power also allows the perovskite phase to
be formed at lower substrate temperatures. Moreover,
less perovskite phase is deposited at 500◦C than can
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Fig. 2. XRD patterns of PZT films at various substrate temperatures, obtained using: (a) Pb/PZT and (b) PbO/PZT dual target systems.

be deposited using other processing methods, such as
sol-gel [25], MOCVD [26] and other sputtering pro-
cesses [27, 28]. These results reveal that the perovskite
phase can be deposited using a Pb/PZT dual target at
580◦C. Nevertheless, the PbO/PZT dual target appears
to favor the formation of the perovskite phase at a lower
substrate temperature.

The high-resolution spectra of the Pb4 f photoelec-
tron lines of the PZT films deposited using the dual
target systems at 580◦C are shown in Figs. 3(a) and (b)
as a function of Ar+ ion sputtering times, to understand

Fig. 3. Narrow scan spectra of Pb4 f of PZT films deposited using: (a) Pb/PZT and (b) PbO/PZT dual target systems at a substrate temperature
of 580◦C.

more about the chemical binding state of the deposited
films. Figure 3(a) reveals that the Pb4 f presents two
peaks 137.4 and 142.4 eV at the top film surface, cor-
responding to Pb in PbO because the exposure of the
film to the atmosphere after deposition leads to oxi-
dation [4]. After a sputtering time of 500 seconds, the
Pb4 f 7/2 and Pb4 f 5/2 peaks shift to a constant value of
136.6 and 141.5 eV, attributable to Pb in PZT [8]. The
binding energies of Pb4 f at the top surface of the PZT
film deposited using the PbO/PZT dual target are 137.2
and 141.9 eV; they shift to lower binding energies of
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Fig. 4. Polarization behavior of PZT films deposited using: (a)
Pb/PZT and (b) PbO/PZT dual target systems at a substrate tem-
perature of 580◦C.

136.9 and 141.6 eV as the etching time is increased,
resembling the behavior of the film deposited by the
Pb/PZT dual-target system. The PbO oxide layer on
the top surface of the PZT films obtained using the sol-
gel process [8] indicates the ease of PZT oxidization on
the surface driven by the surface energy. The chemical
states of the PZT films deposited by the two dual target
combination do not significantly differ, according to
XPS analysis.

Figure 4 shows that the PZT film deposited using
the PbO/PZT dual target exhibits greater saturation
polarization than that of the Pb/PZT dual target, with
both obtained at a substrate temperature of 580◦C. At a
lower substrate temperature, both dual systems exhibit
paraelectricity.

Conclusion

Perovskite PZT films can be deposited on a
Si/SiO2/Ti/Pt substrate using either Pb/PZT or
PbO/PZT dual target RF magnetron sputtering systems.
The perovskite phase was formed at a high deposi-
tion temperature, but, at lower temperatures when a
PbO/PZT dual target was used. The chemical states
of Pb4 f in the PZT films deposited by these dual tar-
get combinations do not significantly differ; however,
the film deposited using the PbO/PZT dual target had
a higher saturation/remanent polarization than that of
the film deposited using the Pb/PZT dual target.
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