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Perovskite oxide films with a high dielectric con-
stant have attracted a great deal of attention due to
their applications in dynamic random access mem-
ory (DRAM) capacitors [1], electro-optic devices [2],
eletroluminescent displays [3], etc. Significant ex-
perimental effort has been devoted to the fabrica-
tion of ferroelectric superlattices, mostly for pursuing
higher dielectric constants [4–12]. A maximum en-
hancement of the dielectric constant to about 900 at
10 kHz has been observed in the epitaxial superlattices
of BaTiO3/SrTiO3 [4], Ba0.8Sr0.2TiO3/Ba0.2Sr0.8TiO3
[5, 6] for a stacking periodicity around 8 Å at room
temperature. Kanna [7] et al. found that a decrease in
the number of modulated unit cells leads to the enhance-
ment of the dielectric and ferroelectric properties in epi-
taxial PbTiO3/PbZrTiO3 superlattices. It was reported
that the effect of dielectric enhancement disappeared
when the stacking periodicity becomes larger than
10 nm in the epitaxial ferroelectric superlattices. How-
ever, Erbil et al. [8] observed extremely high dielectric
constants of 420000 at 1 kHz and at room temperature in
epitaxial PbTiO3/Pb0.72La0.28TiO3 heterostructures for
a stacking periodicity of 40 nm. It was also reported that
enhancement in dielectric constant is generally associ-
ated with high dielectric loss in epitaxial heterostruc-
tures. Qu et al. [9] reported the relaxational behavior
in polycrystalline BaTiO3/SrTiO3 multilayer thin films
deposited on Pt/Si substrates with periodicities from
1.6 nm to 40 nm, but no obvious dielectric enhance-
ment was observed in such multilayer structures.

Until now, the dielectric enhancement in multilayer
thin films is mostly observed in epitaxial thin films pre-
pared on oxide substrates. To our knowledge there is
no report for the dielectric enhancement in polycrys-
talline multilayered thin films deposited on Si sub-
strates, which are more compatible with large-scale
integration than oxide substrates. In this letter, we
report the dielectric enhancement in polycrystalline
BaTiO3/Ba0.6Sr0.4TiO3 multilayer thin films prepared
on Pt/Ti/SiO2/Si substrates. All thin films have almost
the same thickness, but with different stacking period-
icities. The maximum dielectric constant was found to
be 1336 at 10 KHz with a stacking periodicity of 60 nm,
which is more than four times of the dielectric constant
of 332, the value for single layer Ba0.8Sr0.2TiO3 thin
films, while the dielectric loss is kept at 0.04.

BaTiO3/Ba0.6Sr0.4TiO3 multilayered thin films were
prepared by a multi-target pulsed laser deposition
technique. A 248 nm KrF excimer laser (Lambda
Physik 105i) operated at 5 Hz was alternately fo-
cused onto the stoichiometric well-sintered BaTiO3 and
Ba0.6Sr0.4TiO3 high density ceramic targets with an en-
ergy density of 2.0 J/cm2. BaTiO3 and Ba0.6Sr0.4TiO3
are selected because they have almost the same growth
rate per pulse under the same deposition conditions.
Thus, we can keep the same thickness for all the mul-
tilayered thin films prepared in the same pulse number.
Pt/Ti/SiO2/Si(100) substrates were placed parallel to
the target at a distance of 3.5 cm and heated to 650 ◦C
by a resistance heater. The chamber was first pumped
down to 2 × 10−4 Pa, then oxygen was introduced to
a pressure of 2.0 Pa. In all cases, the multilayer thin
films were prepared with BaTiO3 as the first layer and
Ba0.6Sr0.4TiO3 as the final layer with equal layer thick-
ness for both materials. There is a two minute delay
between the depositions of adjacent layers to ensure the
formation of the interface. For electrical measurements,
Pt electrodes with a diameter of 0.3 mm were deposited
on the top surface of the films through a shadow mask by
an RF sputtering technique. Dielectric measurements
were carried out on as-deposited samples without post-
annealing. The thickness of the as-deposited thin films
was measured by using an ET350 Talysurf profilometer
(Kosaka Laboratory Ltd.). X-ray diffraction (XRD) was
carried out in a Rigaku D/MAX 3C diffractometer using
Cu Kα radiation at 40 kV. The dielectric properties were
measured using a HP4192A LF impedance analyzer.

Fig. 1 shows the XRD patterns for different peri-
odicity multilayered thin films with a total thickness of
480 nm. The patterns indicated that these films are poly-
crystalline in nature with a perovskite structure. Fig. 1a
is the pattern for the solid solution Ba0.8Sr0.2TiO3 thin
film for comparison, which is prepared in the same
condition with the multilayered thin films. When the
stacking periodicity is large (Fig. 1b for 160 nm and
Fig. 1c for 120 nm), we found that the peaks become
broad and each peak seems to be composed of two in-
dividual peaks, indicating that the XRD patterns are
composed of two sets, one for BaTiO3 and the other
for Ba0.6Sr0.4TiO3. For the sample with periodicities of
96 nm (Fig. 1d), 80 nm (Fig. 1e) and 60 nm (Fig. 1f),
there are many peaks within the broadened peaks. This
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Figure 1 The XRD pattern of Ba0.8Sr0.2TiO3 solid solution thin films
(a) and BaTiO3/Ba0.6Sr0.4TiO3 multilayered thin films on Pt/Ti/SiO2/Si
substrates with stacking periodicities of (b) 160 nm, (c) 120 nm,
(d) 96 nm, (e) 80 nm, (f) 60 nm, (g) 53 nm and (h) 48 nm.

is because the interface layers become important as
the stacking periodicity decreases, which may cause
compositional deviation or structural distortion near
the BaTiO3/Ba0.6Sr0.4TiO3 interface region. However,
it should be noted from Fig. 1g and Fig. 1h that this ef-
fect disappears when the stacking periodicity decreases
below 53.3 nm, indicating that the multilayered thin
films may become solid solution and the interface may
disappear as the stacking periodicity becomes smaller
than a critical value. This may be caused by the inter-
face diffusion of the atom cluster throughout the whole
thin films during the deposition as the thickness of the
individual layer decreases to a certain value.

Fig. 2 shows the frequency dependence of the di-
electric constant of samples corresponding to Fig. 1 at
room temperature. It can be seen from the figure that
significant dielectric enhancement was obtained after
the solid solution Ba0.8Sr0.2TiO3 films were subdivided
into a BaTiO3/Ba0.6Sr0.4TiO3 multilayered thin film
structure. The dielectric constant increases as the stack-
ing periodicity decreases and reaches the maximum at
the stacking periodicity of 60 nm. The background di-
electric constant value of 332 at 10 kHz was enhanced
by a factor above four to a value of 1336. When the
periodicity is less than 60 nm as shown in Fig. 2g and
Fig. 2h, the dielectric constant becomes small again
and close to that of the solid solution Ba0.8Sr0.2TiO3
thin film. This might be due to the fact that the films
became solid solution as the stacking periodicities de-
crease to a certain value, as implied in the XRD results
shown in Fig. 1. From Fig. 2 the relative dielectric con-
stant showed small frequency dispersion for all samples

Figure 2 Frequency dependence of the measured dielectric constants
for samples corresponding to those listed in Fig. 1 at room temperature.

and decreased slightly with frequency in the frequency
range of 300 Hz to 1 MHz.

Fig. 3 shows the frequency dependence of the dissi-
pation factor. Since the multilayered thin films of dif-
ferent stacking periodicities showed almost the same
behavior, here only the data of the solid solution
Ba0.8Sr0.2TiO3 film, BaTiO3/Ba0.6Sr0.4TiO3 multilay-
ered films with periodicities of 160 nm, 60 nm and
48 nm are presented. It can be seen from the figure that
all thin films have almost the same dissipation factor
centered near 0.042 at 10 kHz. All dissipation factors
showed very small frequency dispersion up to 100 kHz
and only a slight increase above 100 kHz.

In our work, the thickness of the as-deposited mul-
tilayered thin films was accurately measured to be
480 ± 8 nm. In addition, the crystallinity of the multi-
layered thin films was not improved compared with that
of the solid solution thin films of the same thickness.
Thus, the dielectric enhancement of the multilayered
thin films cannot be attributed to the changes in film
thickness and crystallinity. While dielectric constants of
pure BaTiO3, Ba0.8Sr0.2TiO3 and Ba0.6Sr0.4TiO3 mul-
tilayered films deposited by the same deposition pro-
cedures are lower than 400. We believe it is due to
the BaTiO3/Ba0.6Sr0.4TiO3 interface effect, which leads

Figure 3 Frequency dependence of the measured dissipation factors of
Ba0.8Sr0.2TiO3 solid solution thin film and BaTiO3/Ba0.6Sr0.4TiO3 mul-
tilayered films with different periodicities at room temperature.
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to an apparent enlarged dielectric constant, similar to
the results observed in epitaxial dielectric superlattice
[4–7]. The multilayered thin films reported in this letter
are polycrystalline in nature. There are many grains and
grain boundaries in the interface in each layer. There-
fore, it is reasonable to assume that the thickness of
the interface layer is larger than that in epitaxial dielec-
tric superlattices, which may cause the larger stack-
ing periodicity required for observing the dielectric
enhancement. However, in epitaxial dielectric super-
lattices, the dielectric enhancement is generally asso-
ciated with high dielectric loss simultaneously. Our
results show no increase in the dielectric loss when
the dielectric constant is enhanced, which is an obvi-
ous advantage. An apparent reason might be due to the
different nature of the interface layer.

In conclusion, polycrystalline BaTiO3/Ba0.6Sr0.4
TiO3 multilayered thin films were deposited layer by
layer onto Pt/Ti/SiO2/Si substrates by using pulsed laser
deposition. The dielectric constant of the films was en-
hanced more than four times with decreasing the peri-
odicity down to 60 nm, while the dielectric loss was kept
at the low level compared with that of the solid solution
Ba0.8Sr0.2TiO3 thin films. A large dielectric constant
1336 at 10 kHz was observed at room temperature with
a stacking periodicity of 60 nm and the dielectric loss is
smaller than 0.05. The results show high application po-
tential of such multilayered thin films for high-density
DRAM capacitors.
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