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Preparation of Ca 4Sr, ¢Bi,TiyO,s templated thin films on NaCl (100) substrates
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Free-standing Ca,4Sr¢Bi Ti;O;5 oriented ferroelectric thin films were deposited on water soluble NaCl (100) substrates using
a sol-gel method at annealing temperatures ranging from 650 °C to 725 °C. When annealed at 700 °C, the Cag4Sr,¢Bi Ti,O;s
thin film with spherical shaped grains had the smallest strain: 0.2557%. The average size of the spherical shaped grains and
surface roughness were close to 100 nm and 1.75 nm respectively.
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Introduction Experimental details

In recent years, bismuth layer-structured ferroelectrics Cay 4S1q ¢BisTi40O5 thin films were deposited on NaCl
(BLSFs), especially the four-layer perovskite BLSFs (100) substrates by a sol-gel method. The precursor
such as SrBi;Ti;O5 (SBTi), CaBisTi4Oy5 (CBTi) and solution was prepared by dissolving calcium acetate,

BaBi,; Ti;O,5 have been intensively investigated due to strontium acetate, and bismuth nitrate and tetrabutyl
their good ferroelectric properties [1-4]. Among them, titanate in ethylene glycol. Acetylacetone was added to
SBTi has a larger remnant polarization and a fatigue- stabilize the solution. Bismuth of 10 mol% excess was
free behavior, but the low Curie temperature (T, =520 °C) added to compensate the bismuth loss during the
[5] hindered its practical application. Since CBTi with annealing process. NaCl (100) substrates were used as
the same structure as SBTi has a high Curie temperature received (obtained from the Shanghai institute of optics
(T.=790°C) [6] which fulfills the requirement for and fine mechanics). The films were deposited onto the
higher temperature applications, a series of experiments substrates by spin coating. Each layer of the films was
were carried out on SBTi films by substituting annealed in a rapid thermal annealing furnace at
Sr*'with Ca?" and it was found that Cag4Sro¢BisTisOs temperatures ranging from 650 °C to 725°C in an air
(Co4SeeBTi) thin films exhibit good ferroelectric atmosphere. The structures of the Cag4Srq¢BisTisO15
properties in our previous work [7]. thin films were investigated by X-ray diffraction

There are two types of substrates for ferroelectric (XRD) using a diffractometer (DX-2500, Fangyuan
thin film: one is insoluble such as Si, Pt, fused quartz Instru. China) with Cu-Ka radiation (A =0.15418 nm)

etc. [8-10], and another is soluble such as NaCl, LiF at a tube voltage of 40 kV and a tube current of 25 mA.
etc. [11]. However, papers about Cag4SryBisTi4O1s The microstructures of Cag4Srq¢BisTi4O5 thin films
ferroelectric thin films on soluble substrates are not were observed by an atomic force microscope (AFM).
common. Meanwhile, free-standing oriented ferroelectric

thin films (obtained by dissolving the soluble substrate) Results and discussion

are desired as templates to induce the bulk, and then

better ferroelectric properties were obtained in turn. It Analysis for lattice match

is reported that textured SrBiTa,Oo (SBT) ceramics On one hand, the lattice constant of NaCl

were fabricated via a templated grain growth (TGG) (a=0.5640 nm) is close to that of Cag4Srq¢BisTisO15
technique using platelet-like SBT single crystal (a=0.5428 nm). According to the following formula,

templates [12]. Towards this goal, we present here the lattice mismatch between Cag4SryBisTisO¢5 thin
preliminary results of efforts towards producing films and NaCl substrates is 0.0391. Thus there is a
oriented Cag4Sro¢BisTisO;s thin films on water good lattice match between the a-face of perovskite
soluble substrates-NaCl. Cag 4Sro¢BisTi4O5 and the NaCl (100) plane, i.e.,

Cay 4SSt ¢BiyTi4O15 thin film may show an a-axis
preferred orientation:
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Fig. 1. Schematic diagram for compressive stress and tensile stress
between substrate and film.
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Fig. 2. XRD patterns of Cag4Sry¢BisTi;O;s thin films on NaCl
substrates as a function of annealing temperatures: 650 °C, 675 °C,
700 °C, 725 °C. (The peaks of an unknown phase are masked by #)

where, S is the lattice mismatch between film and
substrate, ar and a; are the lattice parameters of the film
and substrate respectively.

On the other hand, a crystallized Caj4St(¢BisTi4O15
thin film on NaCl has a compressive stress [see Fig.
1(a)] on cooling because the thermal expansion
coefficient of NaCl (5.6*10°K) is much higher than
that of Cag 4Sto ¢BisTi,Oy5 (1.5¥10° K). Because of the
compressive stress, a c-domain orientation of the grains
formed on cooling. Therefore, our Cag 4St, sBisTi;O,5 thin
films on NaCl (100) may show a ¢ axis preferred orientation.

However, during the annealing process, some of the
grains epitaxially nucleate and grow at the film/
substrate interface. The epitaxial grains in the film on
NaCl (100) have a tensile stress [see Fig. 1(b)] because
of the smaller lattice constant of Cag4SrBisTisO15
(0.5428 nm) compared with that of NaCl (0.5640 nm).
The tensile stress may lead to the growth of grains with
an a-axis preferred orientation.

Then, a conclusion can be drawn that the orientation
of Cay4Sry¢BisTi;O5 thin film dependents on the three
factors discussed above.

XRD analysis

It can be seen from Fig. 2 that characteristic peaks of
NaCl and peaks of an unknown phase still exist at
lower annealing temperatures (650 °C, 675 °C). The
vanishing of NaCl-peaks and the unknown phase-peaks
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Fig. 3. Annealing temperature dependence on strain of

Ca04SroéBl4T14015 thin films.

was observed with an increase of the annealing
temperature. However, when the film was annealed at
higher temperature-725 °C, NaCl-peaks were found. It
should be explained that low annealing temperature
which can not afford enough energy hinders the forming
of the perovskite structure and the homogeneity of
nucleation. The higher the annealing temperature, the
much closer to the melting point of NaCl crystal, it is
the more and more severe thermal motion of Na" and
CI' that has an effect on the forming of perovskite
structure and the homogeneity of nucleation. Phase-pure
Cay 4Sry ¢Bis Ti;O45 thin films were obtained at 700 °C.

It can also be seen that full width at half maximum
(FWHM) of the thin film decreases with an increase of
the annealing temperature, which in turn indicates that
the grain size of the thin film increases. A conclusion
can be drawn that when annealed at 700 °C,
Cayg 4S1(4BisTi4O,5 thin films exhibit a larger grain size.
Although Cag4Sro¢BisTi4Oy5 thin films annealed at
725 °C have the largest grain size, its phase structure is
not pure. It is reported that thin films with a large grain
size always exhibit good ferroelectric property. This can
be explained by the fact that the large grain facilitates
the growth and the inversion of ferroelectric domains
and prevents the pinning of the domain walls [13].

The intensity of (001) peaks decreases and then
increases with an increase of the annealing temperature.
When annealed at 700 °C Cag 4Sry¢BisTi,O;5 thin films
have the lowest (001) peaks, which indirectly indicate
that it shows a (b)-axis preferred orientation.

The internal strain of thin films always has an effect
on their ferroelectric properties. According to the
williamson-Hall formula (*), we can know the internal
strain Ad/d

Bcos 0= ND+4(Ad/d)sin0 2)
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Fig. 4. Morphology of a Cag4SrosBisTi4Os5 thin film annealed at
700 °C on a NaCl substrate.

where, 3 is the FWHM, 0 is the angle of diffraction, A
is the wavelength of the diffracted rays, D is the
crystallite dimension calculated by the Scherrer formula,
and d is the interplanar spacing. The gradient Ad/d
which represents the internal strain can be obtained by
a ploting fcos@— 4sind curve.

Fig. 3 shows the annealing temperature dependence
on strain of Cay 4Srq ¢BisTi,O;5 thin films. A conclusion
can be drawn that when annealed at 700 °C
Cay 4Sr ¢BisTi4O;5 thin films exhibit the smallest strain-
0.2557%, which has the weakest influence on its
ferroelectric properties.

Morphology observation

Considering that the main characteristic peaks [(119)
and (200)] of Cag4Sro¢BisTi4O5 thin films are
coincident with NaCl (200), the preferred orientation
of thin films would not be determined merely by the
XRD pattern. The average grain size and surface
roughness of the Cag4Sro¢Bi;Ti4O;5 thin films were
estimated using AFM. Fig. 4 shows the morphology
of a Cay 4Sry ¢BisTi4O;5 thin film annealed at 700 °C and
it is characterized by a slight surface roughness with
a crack-free but not uniform (there are voids among
the grains) microstructure. The average size and
surface roughness of the spherical shaped grains were
close to 100nm and 1.75nm, respectively. It is
reported [14, 15] that thin films with spherical shaped
grains exhibit an a-axis preferred orientation which
has a larger remnant polarization than that of thin
films with a non-a-axis preferred orientation.

Conclusions

Ca4S1g6BisTi4Oy5 thin films deposited on NaCl
(100) substrate exhibits a-axis preferred orientation.
When annealed at 700 °C, the Cag4Srq¢Bi;Ti4O;5 thin
films with spherical shaped grains have the most pure
phase structure, the smallest strain, and larger grain
size. It can be predicted that free-standing oriented
ferroelectric thin films as the templates can induce the
bulk, and then better ferroelectric properties were
obtained in turn. However, Cag4Sry¢BisTi4O;5 thin
films prepared in our paper were not dense and
continuous enough. Thus more effort should be made
to improve their crystallization quality.
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