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Abstract

PZT films with (1 0 0) and (1 1 0) orientation were prepared by spin coating using the chemical solution deposition (CSD) method on an SRO/Si
or a Pt/Ti/SiO2/Si substrate. The remnant polarization and the saturation polarization of the PZT/SRO/Si film were 21 and 35 �C/cm2, and those of
the PZT/Pt/Ti/SiO2/Si film were 20 and 31 �C/cm2. The remnant polarization of the PZT/SRO/Si film maintained more than 108 switching cycles,
and the fatigue property was observed for the PZT film fabricated on the Pt/Ti/SiO2/Si electrode.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Ferroelectric lead zirconate titanate (PZT) thin film capac-
itors have been studied with great interest in the last decade
because of their potential applicability in piezoelectric sen-
sors, actuators and non-volatile memory devices [1–3]. Platinum
presents very attractive properties as bottom electrode material
for ferroelectric capacitors due to its high electrical conductiv-
ity, good stability in oxidation at high temperatures and a high
Schottky barrier height, which gives the leakage currents to low
values. However, when using Pt film as a ferroelectric device
electrode, the Pt electrode cannot use more than 106 switching
cycles because of the fatigue [4,5]. To improve the fatigue prop-
erty of the PZT device, different materials like IrO2 [6], RuO2
[7], LaNiO3 [8] and SrRuO3 (SRO) [9–12] have been studied
as Pt electrode replacements. On the other hand, improvements
of the fatigue for PZT device have investigated by using barrier
layer [13,14] or oxygen implantation for Pt electrode [15]. In
this study, we focused the improvement of the fatigue by using
a metal oxide electrode.

SRO is one of the most promising candidates for a PZT device
electrode because of its similar lattice constants (the lattice con-
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stants for a Pb0.52Zr0.48TiO3: a = 4.036 Å, b = 4.146 Å; and the
lattice constants for an SRO with a pseudo-cubic symmetry:
a = 3.930 Å) and a low resistivity of about 2.8 × 10−4 �cm. The
difference in the lattice constant of PZT and SRO is less than
3%.

In a previous study, we fabricated conductive LNO film or
SRO film by the chemical solution deposition (CSD) method,
and evaluated the electrical properties and the microstructure
for those films [16,17]. We also reported preparation of the PZT
films using the same CSD method and investigated the dielec-
tric, ferroelectric and piezoelectric properties for the resultant
PZT films [18–20]. In this study, we tried to fabricate an SRO
electrode film on a Si substrate and a PZT/SRO/Si ferroelec-
tric film device using only the CSD method. Furthermore, we
evaluated the dielectric, ferroelectric, fatigue properties for the
PZT/SRO/Si film.

2. Experimental

2.1. Film device preparation

Sr metal and RuCl3·2H2O were used as the starting mate-
rials and 2-methoxyethanol was used as the solvent. A stable
0.1 M SRO precursor solution was prepared using Sr metal and
RuCl3·2H2O. An SRO precursor film was deposited on the
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Si(1 0 0) substrate by spin coating using 0.1 M SRO solution.
The precursor SRO film was dried at 150 ◦C for 10 min and
pre-annealed at 420 ◦C for 10 min to remove residual organics.
Finally, the film was annealed at 700 ◦C by the RTA method.
These processes were repeated 10 times, and then, the pre-
cursor film was annealed at 700 ◦C for 2 h in an electric fur-
nace. The electrical resistivity of a fabricated SRO film showed
1.11 × 10−3 �cm. To evaluate a ferroelectric property, sheet
resistance of the SRO film as a bottom electrode was adjusted
lower than 10 �/�.

The PZT film deposition process was reported in previous
studies [20], and a PZT film was deposited on the resultant SRO
film or Pt/Ti/SiO2/Si by the previously reported CSD method
with the composition of PbZr0.53Ti0.47O3 (morphotropic phase
boundary composition). The PZT film thickness was controlled
at about 0.7 �m. To evaluate the electrical property of the film,
Au top electrodes, 2 mm in diameter, were sputtered onto the
films through a metal mask.

2.2. Characterization

Crystal structure of the PZT/SRO or the PZT/Pt/Ti/SiO2/Si
films was characterized by XRD with Rigaku RINT-2200. Resis-
tivity of the SRO film was measured by a four-point probe
method. Microstructure of the films was observed by AFM using
Seiko-Inst. SPI3800N. The hysteresis loop and the fatigue prop-
erty were investigated at room temperature by a ferroelectric
tester of Radiant Technologies RT-6000S.

3. Results and discussion

Fig. 1a shows the XRD patterns for the PZT/SRO/Si film
and SRO/Si film, and Fig. 1b shows the XRD patterns for
the PZT/Pt/Ti/SiO2/Si film and the Pt/Ti/SiO2/Si film, respec-
tively. Both PZT phases in the films indicated a tetragonal
perovskite single phase. The resultant SRO film exhibited the
(1 2 1) preferred orientation. Here, the lattice of the resultant
SRO film was indexed as an orthorhombic cell with JCPDS 43-
0471. The PZT phase in PZT/SRO/Si film showed preferential
(1 1 0) orientation. The (1 2 1) plane of the orthorhombic SRO
could be regarded as the (1 1 0) plane of the pseudo-cubic SRO
(JCPDS 80-1259). The PZT lattice constant and the SRO lat-
tice constant were very close, therefore, it is assumed that the
(1 1 0)-oriented PZT film was grown on the pseudo-cubic SRO
(1 1 0) plane (which is equivalent with the (1 2 1) plane of the
orthorhombic SRO). The PZT phase in the PZT/Pt/Ti/SiO2/Si
film showed a (1 0 0) and (0 0 1) orientation strongly, thus the
resultant PZT film on Pt was not greatly affected by the Pt
substrate.

Resistivity of the resultant SRO film was 1.11 × 10−3 �cm,
and the value was very similar to that reported in the previous
paper [21]. Therefore, the SRO film could be used as an elec-
trode.

It was demonstrated that the CSD-derived PZT thin film
with a preferred orientation was successfully deposited on a
preferred oriented SRO or Pt electrode. Microstructure of the
film affects the electrical property of that, therefore, the surface

Fig. 1. (a) XRD patterns for a PZT/SRO/Si film (upper) and SRO/Si film (lower).
(b) XRD patterns for and a PZT/Pt/Ti/SiO2/Si film (upper) and a Pt/Ti/SiO2/Si
film (lower).

morphology of the resultant films was observed by AFM. Fig. 2a
and b shows the AFM images of the PZT/SRO/Si film and the
PZT/Pt/Ti/SiO2/Si film, respectively. The RMS roughness val-
ues of the PZT/SRO/Si film and the PZT/Pt/Ti/SiO2/Si film were
0.20 nm and 0.25 nm, respectively. It was confirmed that both of
the films had a very flat surface. The particle size of the PZT on
Pt/Ti/SiO2/Si was larger than that on SRO/Si. The Pt/Ti/SiO2/Si
substrate film had a very flat surface because it was deposited
by sputtering, and homogeneous nucleation occurred on the
Pt/Ti/SiO2/Si substrate film. A lot of the PZT nuclei were gen-
erated on the Pt/Ti/SiO2/Si surface, and the PZT crystals were
grown homogeneity on these lots of nuclei. Therefore, the PZT
column became narrow on the Pt/Ti/SiO2/Si substrate film. It is
assumed that the particle size on the film surface depended on the
column width, and this result agreed with the SEM observation.

A gold top electrode was deposited on the PZT films by
sputtering to evaluate the electrical properties of the PZT
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