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Abstract

(Pb,Sr)TiO3 (PST) thin films were fabricated by using the alkoxide-based sol-gel method. The
PST stock solution was made and then spin—coated onto a Pt/Ti/Si02/Si substrate. The coating
and drying procedures were repeated several times, and the PST thin films were sintered at
450-650 C for 1 h. All PST thin films showed dense and homogeneous structures without the
presence of any rosette structure. The thicknesses of the PST thin films were approximately 200
nm. The dielectric constant and the dielectric loss of the PST thin films sintered at 550 C were
about 404 and 0.0023, respectively. The leakage current density of the PST thin film sintered at
550 C was 3.13 x 10-8 A/cm2 at 1 V.
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.M = thickness compared to those of the bulk
ceramics. When the film thickness of PbTiO3 is

Due to their unique properties, ferroelectric thin less than 1 m, the dielectric constant and the

films are very attractive for applications to
capacitors of dynamic random access memories
(DRAMSs), piezo micro-actuators, pyroelectric
infrared detectors, and non-linear optical devices
[1-5]. Among the various ferroelectrics,
Pb(Zr,T1)O3 thin films have been intensively
investigated while PbTiO3 thin films have
receivedless attention due to their high coercive
field and large tetragonal distortion c/a of 1.064
[6, 7). The addition of La or Sr decreases the
coercive field and tetragonality [8). It is well
known, however, that the ferroelectric properties
of PbTiO3 deteriorate with decreasing film

remanent polarization decrease [9].

A perovskite solid solution of PbTiO3 and
SrTiO3 (PST) has the merits of the high
dielectric constant of PbTiO3 and the structural
stability of SrTiO3. The properties of the
Pbl-xSrxTiO3bulk for x less than 0.7 are known
to be ferroelectric with a tetragonal structure at
room temperature [10]. To date, there have been
a number of published paper dealing with the
preparation and the dielectric properties of
(Pb,Sr)TiO3 bulk ceramics. However, there have
been very few papers that deal with the
dielectric properties of PST thin films for
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DRAMapplications.

Various  deposition techniques, such as
chemical vapor deposition (CVD), sputtering,
laser ablation, and sol-gel, can be used for
successful synthesis of the PST (or PT) system
films. The sol-gel technique is especially useful
for reducing processing costs, stoichiometric
composition control, and large~area fabrication.

In this work, (Pbl-xSrx)TiO3thin film with x
= 05 were fabricated by using the sol-gel
method, in which a PST metal alkoxide solution
was used to spin coat them on Pt/Ti/Si0O2/Si
substrates. Their structural and dielectric
properties were also investigated for DRAM
applications.

2.4 ¥
(Pb0.5,Sr0.5)TiO3 precusor solutions with excess
Pb-acetate, 10wt %, were prepared by using the
sol-gel method with trihydrate
[Pb(CH3CO02)23H20], Sr-acetate [Sr(CH3CO2)2], and
Ti  iso-propoxide  {Ti[OCH(CH3)2]4}as starting
materials, and 2-methoxyethanol (CH3OCH2CH20H)
as a solvent. The PST precusor solutions
werespin-coated on the Pt/Ti/SiO2/Si  substrates

Pb-acetate

byusing a spinner operated at 3000 rpm for 30 s and
were then dried at 350 C for 10 min to remove the
organic materials. This procedure was repeated several
times then the films were sintered at temperatures
from 450 to 650 C for 1 h to crystallize them into a
perovskite structure. The final film thicknesses
wereabout 200 nm, which was measured by scanning
electron microscopy (SEM).

The powder precusors were examined by
thermogravimetric  analysis (TGA) / differential
scanning calorimetry (DSC). The crystalline structures
of the PST thin films were analyzed by using X-ray
diffraction (XRD) with CuK emission. The
surface and the cross-sectional microstructures were
examined using SEM and the compositional depth
profiles of the PST films interfacial layer and of the
substrate were investigated by using Auger electron
spectroscopy (AES). For electrical measurements, Pt
films with a diameter of 300 nm were dc
sputter-deposited as top electrodes. The dielectric
constant and the dielectric loss were measured with
an HP 4192A impedance analyzer. The leakage

current density was measured with an HP 4145B

semiconductor parameter analyzer.
3.24x & 1nH

Measurements of the DSC and TGA curves of the
dried PST powders were conducted, and the results
are shown in Fig. 1. The weight loss of the dried
powder derived from the sol-gel method was about
13.5 % at 800 C, as determined by the TGA curve.
Endothermic peaks due to evaporation of the solvent
and the absorbed water were observed at 100 C and
213 C, respectively. Due to combustion of the
organic residues, exothermic peaks were observed in
the temperature range from 290 C to 450 C. Due to
the formation of the polycrystalline perovskite phase,
exothermic peaks were observed around 500 C.

Figure 2 shows the XRD patterns of PST thin
films prepared by using the sol-gel technique at
sintering temperatures from 450 C to 650 C. All PST
thin films showed the typical XRD pattern of a
perovskite polycrystalline structure with no preferred
orientation no pyrochlore phase was observed. Each
film exhibitedsimilar XRD patterns, so the difference
in deposition temperature did not affect the
crystallographic system.

Figure 3 shows the surface and the cross section
of PST thin films sintered at 600 C. The PST film
showed a dense and void-free grain structure with an
average grain size of about 80 nm. As seen in the
cross-sectional miérograph, the film consisted of
submicron-sized fine grains with relatively flat
surfaces, and the thicknesses of the films were
approximately 200 nm.

Figure 4 shows the AES depth profile for the PST
thin film sintered at 600 C. Diffusions of Pb, Sr, and
Ti into the Pt bottom electrode were observed. From
this result, we inferred that a nonstoichiometric
perovskite PST layer was formed at the layer adjacent
to the bottom electrode.

The dielectric constant and the dielectric loss of
the PST thin films as a function of the frequency for
various sintering temperatures are shown in Fig. 5.
The dielectric constant
increasingsintering temperature the PST thin film

increased with
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Figure 5 shows the dielectric constant of PST thin
films sintered at 550 C as a function of the applied
voltage. The capacitance was measured at 1 MHz
with an amplitude of 0.1 V. The PST films showed
their maximum dielectric constant at zero bias fields.
The dielectric constant was found to decrease about
50% by increasing the applied bias up to 5 V. This
may be due to space charge accumulation at the
electrode interfaces. This charge accumulation was
caused by the applied bias and Schottky potential of
the metal electrodes [11]. The dielectric constant -
applied voltage curve did not show any hystresis,
which indicated that the deposited films were
paraelectric in nature.

Figure 6 shows the leakage current densities of the
200-nm-thick PST thin films as a function of the
applied voltage for various sintering temperature. The
leakage current density increased with increasing
sintering temperature. This phenomenon can be
probably explained by the facts that diffusion of Pb,
Sr, and Tifrom the PST thin film into the Pt bottom
clectrode is more advanced at Thigher sintering
temperature and a Pb-deficient interfacial layer was
formed at the layer adjacent to the bottom electrode.
The Jeakage current densities of the PST films
sintered at 550 C and 600 C were less than 10-6
A/cm2 in the applied voltage range from 0 to 5§ V.

4.4 E

In this research, PST thin films were prepared by
using the sol-gel method to spin coat themon
PUTi/Si02/Si substrates from PST metal alkoxide
solutions. The thicknesses of the PST films were
about 200 nm. All PST thin films showed dense and
homogeneous structures without any presence of a
rosette structure. The AES depth profile measurement
showed, diffusion of Pb from the PST film into the
Pt bottom electrode. The dielectric constant and the
leakage current density increased with increasing
sintering temperature, and the values for the PST thin
film sintered at 600 C were 421 and 6.5 x 10-7
A/cm2, respectively, at 3 V.
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Fig. 1. DSC/TGA curves of the dried PST
powders.
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Fig. 2. X-ray diffraction patterns of PST thin
films with various sintering temperature.
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Fig. 3. AES analysis of PST thin film sintered

at 600C.
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Fig. 4. Dielectric constant and dielectric loss as
functions of the applied frequency for PST thin
films with various sintering temperatures.
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Fig. 5. Dielectric constant -

applied voltage

characteristics of PST thin films sintered at

550C.
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Fig. 6. Leakage current density of PST films as
a functionof the log (applied voltage) for
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various sintering temperature.



