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The technique of low-pressure post-annealing process with additional second-step annealing for preparation of the
Ba0.7Sr0.3TiO3 thin films deposited by liquid source misted chemical deposition (LSMCD) has been proposed. With employing
this annealing procedure, the leakage current density can be significantly eliminated by approximately one order of magnitude
at 2 V. In particular, process temperature can be reduced from 650◦C to 600◦C without suffering deteriorated crystallinity issue,
which is identified by bothC–V measurement and X-ray diffraction spectrum. The extracted dielectric constant is 310 with
extreamly low loss tangent of 0.005. The spectrum of atomic force microscopy (AFM) shows that this low-pressure process
results in smoother surface topography. Moreover, thermal desorption spectrums assure that less residual organics and contam-
inations were left after low pressure post-annealing. This may be one of the reasons for lowering crystallization temperature
and the improved electrical properties.
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The projected capacitor area in the dynamic random ac-
cess memory (DRAM) cell is rapidly shrinking as the inte-
gration density increases. The required capacitance for as-
suring stable circuit operation and sufficient soft-error immu-
nity, which is at 25 fF/cell, could be achieved either by reduc-
ing the thickness of the dielectric films or by increasing the
effective surface area of the capacitor electrodes. However,
neither approach seems to be practical to next-generation of
ULSI DRAMs fabrication because of the unacceptable leak-
age current increase and the extreamely complicated integra-
tion process, respectively. Therefore, the incorporation of
new dielectric material with high dielectric constant becomes
the most likely alternative approach for the coming giga-bit
dynamic random access memories. Recently, (Ba, Sr)TiO3

(BST) with excellent dielectric properties, such as large di-
electric constant, low dielectric dissipation factor, and low
leakage current level, has attracted extensive attention for
the application in next generation ULSI DRAMs.1,2) Al-
though many techniques have succeeded in depositing high-
quality BST thin films, for example, rf-magnetron sputtering,
pulsed laser ablation, and metal-organic chemical vapor depo-
sition (MOCVD),3–5) liquid source misted chemical deposi-
tion (LSMCD), in particular, has been proved to be an simple
and inexpensive alternative technique with the capability of
precise composition control and excellent step coverage.6,7)

In this paper, we study the effects of low-pressure rapid ther-
mal post-annealing on the properties of BST thin films de-
posited by LSMCD. It has been found that low-pressure rapid
thermal post-annealing can lower down the BST film crystal-
lization temperature by 50◦C and, moreover, reduce leakage
current by near one order of magnitude at 2 V.

The Ba0.7Sr0.3TiO3 films prepared by LSMCD method
were deposited on Pt/SiO2/Si substrates. The as-deposited
samples were subjected to drying at 150◦C to remove the
residual solvent and then pyrolysis at 400◦C for 10 min. The
desired BST film thickness of about 100 nm was achieved
through multiple repetitions of the process sequence. Sub-
sequently, some samples accepted rapid thermal annealing

in atmospheric oxygen ambient at 650◦C for 1 min and oth-
ers, for comparison, were performed with low-pressure oxy-
gen rapid thermal annealing at 50 Torr and 600◦C for 10 min.
For electrical measurements, Pt top electrodes were deposited
onto BST films through a shadow mask with a diameter of
0.2 mm. After the top electrode formation, additional second-
step annealing at 600◦C for 30 min in air was selectively ap-
plied to the samples. The electrical properties and reliabil-
ity characteristics of the metal oxide were measured by using
a Hewlett-Packard (HP) 4156 semiconductor parameter ana-
lyzer. X-ray diffraction (XRD) was also used to identify the
composition and the phase of these new metal oxide films.
Surface morphologies of BST thin films were characterized
by atomic force microscope (AFM). The residual gases and
contamination left inside the bulk of thin films were detected
by thermal desorption spectrums (TDS).

The electrical properties of deposited BST thin films are
shown in Fig. 1. Figure 1(a) exhibits the leakage current den-
sities and Fig. 1(b) shows both the dielectric constants and
dissipation factors of BST thin films as a function of applied
top gate bias for various annealing conditions. In Fig. 1(a),
the sample annealed at 760 Torr and 650◦C for 1 min shows
a slightly higher leakage current than that with low pressure
post-annealing at lower temperature in the low field regime.
However, there is no obvious difference above the knee be-
tween these two samples. The leakage current densities are
around 3.1E-7 A/cm2 at 2 V. On the other hand, the leak-
age current density of the sample subjected to low-pressure
annealing is found tremendously suppressed with additional
second-step annealing at 600◦C in air for both relaxation and
Schottky emission currents. The current density is about
4.45×10−8 A/cm2 at 2 V, which is almost one order of magni-
tude improvement compared to the previous samples. The im-
pacts of low-pressure process on the BST thin film are further
identified by the film capacitance behavior, as shown in Fig.
1(b). The trend is very different from that of leakage current.
The capacitance decreases dramatically for the sample treated
with only one-step low-pressure post-annealing. As we added
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Fig. 1. (a) Leakage current densities, (b) dielectric constants and dissipa-
tion factors as a function of the applied bias voltage for the samples various
annealing conditions.

second-step annealing, the film capacitance is almost recov-
ered and dissipation factor becomes even ramarkably smaller.
The capacitance recovery is speculated to the microstructure
transformation of BST films and will be discussed later. The
dissipation factor is believed to closely related to the leakage
current density, thus the films subjected to 2-step low-pressure
annealing showed lower dielectric loss.

In order to obtain the picture of the detailed mechanism
about the film improvement by low-pressure annealing pro-
cedure, the impurities contained in the bulk, surface morphol-
ogy and microstructure of BST thin films were analyzed with
thermal desorption spectrum, atomic force microscope and
X-ray diffraction spectrum, respectively. Figure 2 shows the
level of residual organics and contamination, including CO2,
H2O and O2, left in the BST films after high- and low-pressure
annealing conditions by TDS. It is clearly seen that low-
pressure annealing can more efficiently remove residual or-
ganics and contamination. Figure 3 shows the surface mor-
phologies of the BST thin films with various heat treatment
sequences. Both thin films subjected to low-pressure anneal-
ing, shown in Figs. 3(a) and 3(b), exhibit much smoother
surface morphologies than that of thin film with 1 atm post-
annealing. The values of surface roughness are seperately

Fig. 2. TDS spectra of BST thin films after (a) 760 Torr for 1 min at 650◦C
(b) 50 Torr for 10 min at 600◦C.

Fig. 3. AFM images of BST thin films after (a) 50 Torr for 10 min at 600◦C
(b) 50 Torr for 10 min and the second-step annealing for 30 min at 600◦C
(c) 760 Torr for 1 min at 650◦C.
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Fig. 4. XRD patterns of BST thin films after (a) 760 Torr for 1 min. at
650◦C (b) 50 Torr for 10 min. at 600◦C (c) 50 Torr for 10 min and the
second-step annealing for 30 min at 600◦C.

1.839 nm, 2.122 nm, and 2.738 nm. However, without second
step annealing, abundant porosities have been observed in the
film. The addition of another annealing in air at the same tem-
perature has been found to successfully eliminate the number
of porosity and make the film structure much denser. Ac-
cording to the previous reports the leakage current consists of
two components, i.e., relaxation current and Schottky emis-
sion current. It is believed that relaxation current is strongly
correlated to the concentration of impurities and oxygen va-
cancies in the bulk, while Schottky emission current is mainly
dictated by the film/electrode interface quality.8–11) From our
leakage current results, we speculate that the variations due to
different heat treatments are ascribed to the plenty of oxygen
vacancies produced in thin films during the lower-pressure
annealing step. Although low-pressure annealing process is
beneficial for removing the residual organics and contamina-
tion contained in thin films,12–14) it would also induce more
oxygen atoms evaporated at the same time and then create
oxygen vacancies distributed in thin films during crystalliza-
tion. While smoother surface has been obtained, those gener-
ated oxygen vacancies can deteriorate the film crystalline mi-
crostructure and make them more porous. Consequently, no
improvement has been achieved in the filmJ–V characteris-
tic. Therefore, our intention of employing additional second-
step annealing is trying to provide the required oxygen and
energy to recovery vacancies.14) The results do show that ad-
ditional annealing can make thin film denser without causing
significant increase of surface roughness, which lead to re-
duction of both relaxation and Schottky emission currents.

Figure 4 shows XRD patterns of those corresponding BST
thin films. From these spectra, we try to find out the ori-
gin of the capacitance behaviors induced by low-pressure an-

nealing. As we can see, the thin film with 760 Torr, 650◦C
post-annealing exhibits a strong (110) texture. In contrast,
low-pressure annealing favors the preferential growth of (111)
texture and would be converted into (110) oriented texture by
the additional post-annealing in air at 600◦C. Consistent with
previous reports, the development of stronger (110)-oriented
BST thin film does show better crystallinity and higher dielec-
tric constant.15–17) Thus, we believe that these preferred ori-
entations of the films with distinct heat treatments contribute
to the variations of the film capacitance behavior.

In summary, a new low-pressure processing with the
second-step annealing technique for preparation of the
Ba0.7Sr0.3TiO3 thin films deposited by LSMCD has been pro-
posed. Not only lower crystallization temperature but also
more excellent electrical properties can be obtained by this
newly developed method. The improvement is believed due
to the less remain of residual organics and contamination in
the BST thin film, the smoother and denser film structure and
reduction of oxygen vacancies. Therefore, this method is very
useful for achieving highly integrated memory applications.
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