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Bulk strontium barium niobate (Srx Ba1−2x Nb2O6, or
SBN:x) possesses the largest diagonal electro-optic co-
efficient and piezoelectricity among all electro-optic
crystals reported to date. With the electro-optic coeffi-
cient r33 in the range of (4–13.5) × 10−10 m/V (x =
0.25–0.75), it compares quite favorably with industry
standard LiNbO3 where r33 is 0.3 × 10−10 m/V [1, 2].
But the growth of bulk, striation-free SBN crystals has
proven to be difficult and expensive, the heteroepitax-
ial growth of thin and highly ordered SBN film, which
is expected to allow integrated wave-guiding voltages
about 1000 times lower than that required in SBN bulk
crystals, is an effective alternative. However, the re-
alization of the excellent electro-optic properties of
SBN requires a successful heteroepitaxial growth of
the film with the (001) SBN direction perpendicular to
the lattice-matched substrate plane.

Si (100) or MgO (100) is commonly used as the sub-
strate material for the hetero-growth of SBN thin films.
The lattice mismatch between MgO(100) and SBN is
Ma = Mb = 1.64%, Mc = 6.34%, and the mismatching
of Si(100) and SBN is Ma = Mb = 12.6%, Mc = 37.1%
[3]. The experiments have already proven that the pre-
ferred c-axis orientation of MgO-based SBN film is ob-
viously better than that of the Silicon-based SBN film
[4, 5] under the same condition. However, with the per-
fect development of silicon micro fabrication technol-
ogy, the combination of ferroelectric films and silicon
technology can construct a sort of ferroelectric-silicon
integrated system which not only exert the ferroelec-
tric films’ excellent performance but also makes use
of advanced silicon process technology. The growth
of high-quality optoelectronic films on the semicon-
ductor (such as Si and GaAs) substrates has proved to
be practical in some fields. As a result, a number of
researchers have attempted to prepare SBN thin film
on the (100)Si substrate since the 1990s using vari-
ous techniques. But the c-axis orientation of the SBN
films was not very good [6, 7]. Considering the crys-
tal constant’s matching among MgO, semiconductor
substrate and ferroelectric film, MgO film was usually
introduced as a buffer layer sandwiched between them
[8, 9]. But until now the growth of epitaxial SBN film
on the Si substrate with MgO buffer layer has not been
reported.
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The sol-gel method was chosen to prepare the ferro-
electric thin films, because it can offers many advan-
tages such as excellent homogeneity, ease of precise
composition control, high purity, and film uniformity
over a large area [10]. In this paper we report a sol-gel
method of growing highly c-axis-oriented SBN thin
film on (100)Si with/without MgO buffer layer. SBN
films with preferred c-axis orientation can be easily
obtained under optimal annealing temperature, appro-
priate precursor solution and buffer-layer.

SBN thin films studied here were fabricated by the
sol-gel method using metal alkoxides. Mg, Sr, Ba,
NbCl5 were used as raw materials and 2-methoxy-
ethanol (CH3OC2H4OH) was used as a common sol-
vent. Mg, Sr, Ba metal alkoxide were obtained through
dissolving Mg, Sr, Ba into the 2-methoxyethanol in
a dry argon atmosphere. Niobium alkoxides are more
complicated and difficult to prepare and was obtained
by first reacting KOH and NbCl5 in CH3OC2H4OH
and then filtering out the KCl precipitate. The mixture
of Sr, Ba and Nb alkoxides in a certain ratio formed
the SBN (Srx Ba1−x Nb2O6) precursor solution, which
was spin-coated onto the Si substrate at 1000 rpm for
3 s and 3000 rpm for 30 s and then heat-treated in
a home-made rapid thermal annealing chamber (RTP-
500) with a two-step heating process (ramping rate of
40 ◦C/s, 350 ◦C for 2 min, 1000 ◦C for 4 min) to crystal-
lize the films. The two-step heating process can avoid
strains and other defects at the interface between film
and substrate [11]. The procedure was repeated until
a desired thickness was obtained. Introducing of MgO
buffer layer was accomplished by coating the Mg alkox-
ide on the Si substrate in the same way before depositing
SBN thin film.

The epitaxial relationship between these films and
substrate was analyzed by X-ray diffraction (XRD),
which was affected by annealing temperature and MgO
buffer layer. Fig. 1illustrates XRD patterns of the
SBN60 films annealed at different temperatures. At
900 ◦C, the tungsten bronze structure of SBN phase was
found to be not completely formed, and SN phase and
SBN phase co-existed, the former represented higher
diffraction intensity. Whereas at 1000 ◦C (001) and
(002) peak intensity of SBN phase became much higher
than the other orientations (such as(121), etc.), and the
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Figure 1 XRD diffraction patterns of the SBN60 thin films on Si(100)
substrates with different crystallization temperature: (I) 900 ◦C and (II)
1000 ◦C.

corresponding intensity of SN phase was nearly negli-
gible. This proves that the TTB SBN has already been
completely formed. Therefore, annealing temperature
is the considerable important factor for the growth of
TTB SBN phase, only higher temperature can trans-
form orthorhombic SN and BN to TTB SBN phase
which has preferred c-axis orientation.

Fig. 2 showedthe XRD patterns of the SBN60 thin
films on Si(100) substrates with different temperature

Figure 2 XRD patterns of the SBN60 thin films on Si(100) substrates
at (a) 900 ◦C and (b) 1000 ◦C. (I) with MgO and (II) without MgO.

(a) 900 ◦C, (b) 1000 ◦C and with/without MgO buffer
layer. Fig. 2b clearly indicates that SBN thin film with
MgO buffer layer has the much higher preferred c-axis
orientation on Si substrate. As expected, introducing
the MgO buffer layer can effectively promote the for-
mation of TTB SBN phase from SN and BN phases at
lower temperature. However, the high temperature has
already transformed SN and BN to TTB SBN phase suf-
ficiently and increased the diffusion between the film
and MgO buffer layer simultaneously. Accordingly, at
1000 ◦C all the films were found exhibiting strong (001)
and (002) reflection of TTB SBN regardless of the MgO
buffer layer. Distinctive diffraction peaks correspond-
ing to the MgO layer could not be observed, probably
due to its thin thickness (∼50 nm). It is concluded that
MgO bufferlayer can decrease the crystalline temper-
ature effectively, which appears favorable (111)—the
oriented diffraction peak is clearly shown in the inset
of Fig. 2b.

The thickness of the MgO buffer layer also strongly
affected the quality of the films. Fig. 3 showsthe XRD
patterns of SBN60 thin films with different thickness
of MgO buffer layer under the annealed temperature
of 900 ◦C. It is shown that thin films’ preferred ori-
entation in the (001) direction decreased as the layer
number of MgO buffer layer increased. Randomly ori-
ented polycrystalline SBN films with visible defects
were obtained under the same process conditions when
the MgO buffer layer was thicker (5 layer). It suggests
that the structural endurance limit of the buffer layer
under the strains of MgO/Si and SBN/MgO should be
considered in processing. During the thermal process
preparation of MgO thin films, strain was induced be-
tween the layers, the more the number of layers, the
greater the strain induced. The distortion of the MgO
lattice increased, so the lattice mismatch between the
MgO layer and the SBN layer become larger. Therefore,
highly preferred (001) direction SBN thin films are dif-
ficult to gain when the MgO buffer layer is thicker.

Fig. 4a andb shows images of AFM taken from the
SBN60 films without/with MgO buffer layer at 900 ◦C.
The film without MgO buffer layer consisted of 200 nm

Figure 3 XRD diffraction patterns of the SBN60 thin films on Si(100)
substrates with MgO buffer layer: (a): no, (b): 1 layer, (c): 2 layers and
(d): 5 layers.
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Figure 4 AFM images of the surface morphology of SBN60 thin films
on Si(100) substrate without (a)/with (b) MgO buffer layer The images
are 2 µm square, the mean grains are 200 and 400 nm and Ra are 12 and
4 nm respectively.

mean global grains uniformly distributed with the sur-
face roughness (Ra) of 12 nm. Comparatively, the sur-
face morphology of the film with MgO buffer layer are
smoother and more uniform, the mean grains and Ra

obviously decreased (100 and 4 nm respectively). In-
deed, the good surface morphology is due to the smaller
mismatch between the MgO layers and the substrate,
and the MgO buffer layer acted as a self-template of
SBN film, and played an important role on the growth
of epitaxial films.

In summary, dense and crack-free SBN thin films
with the preferred c-axis orientation were successfully
obtained by the sol-gel method on Si(100) substrates
without/with MgO buffer layer at different tempera-
tures. Effects of annealing temperature and MgO buffer
layer on the structural and morphological properties of
SBN thin films were investigated. Experiments show
that the temperature is the key factor for obtaining se-
lectively superior orientation of SBN. The orthorhom-
bic phases such as SN and BN appeared at lower tem-
peratures and were transformed to single-phase TTB
SBN, while introducing MgO buffer layer. The film
with MgO buffer layer showed excellent epitaxy and
densely packed grain morphology.
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