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Sri_xBa,Bi»TaNbOg materials have been synthesized using a chemical solution route.
Detailed x-ray diffraction and Raman spectroscopic studies indicates the formation of
complete solid solutions for all compositions (x=0.0 to 1.00) in Sr,_,Ba,Bi,TaNbQOg. Thin
films were deposited by spin coating. Optical transmission of the film deposited on quartz
disk showed the typical interference effect of optical thin films. Ferroelectric polarization on
SrpsBagsBioTaNbQg film deposited on Pt substrate and annealed at 700 °C, was measured to
be 13.5 uC/cm?. © 2001 Kluwer Academic Publishers

1. Introduction

Itis known that the barium ion is replaced by a strontium
ion in the perovskite structure of BaTiO3 to form a solid
solution of Ba,Sr;_, TiO3 (BSTO). This material with
a composition x ~ (0.5 is considered as one of the most
promising dielectric materials for microwave frequen-
cies. The Aurivillius phase materials [1, 2], consist-
ing of alternating perovskite-like A,,_1B,03,-; and
fluorite-like Bi,O3 layers where A is a mono-, di-, or
trivalent cation, B is a cation with valence of 4 or 5,
and m is the number of perovskite layers, are poten-
tially important for ferroelectric and tunable dielectric
devices. Important feature of this class of oxide ma-
terials is that A and B can be varied in order to un-
derstand the structure-property behavior. SrBiyTa;Og
(SBT) thin films have been expensively investigated
due to their resistance to ferroelectric fatigue [3-5],
but detailed characterization of Sr;_,Ba,Bi,TaNbQOg
has not been reported. We report here the synthe-
sis, structural properties, and ferroelectric response of
Sl‘l_xBaxBizTaNbOg.

2. Synthesis route

For the synthesis, reagent-grade chemicals of stron-
tium hydroxide [Sr(OH;) - 8H;0], barium hydroxide
[Ba(OH;) - H,O], bismuth acetate [Bi(OOCCH3)3], nio-
bium ethoxide [Nb(OC,Hs)s], and tantalum ethoxide
[Ta(OC,Hs)s] were chosen as precursors for strontium,
barium, bismuth, niobium and tantalum, respectively
with methoxy ethanol (C3HgO,), 2-ethylhexanoic acid,
and acetic acid as solvents. The stoichiometric ratios of
the desired compositions were dissolved in proper vol-
ume ratios of the solvents. The solutions of the individ-
ual salts and ethoxides were mixed hot. This solution
was dehydrated and then refluxed for about one hour.
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Part of this clear solution was dried on a hot plate with
constant stirring to make the powder. This powder was
ground in agate crucible, and annealed at different tem-
peratures to study the evolution of chemical reaction to
form the compound. Another part of the solution was
heated to make a bit denser solution for spin coating. X-
ray diffraction, Raman scattering, optical spectroscopy,
and ferroelectric probe were used for material charac-
terization.

3. Results and discussion

3.1. X-ray diffraction studies

In order to investigate the evolution of chemical reac-
tion with annealing temperature, we chose a fixed com-
position Sty sBagsBi; TaNbOgy. X-ray diffraction pat-
terns for the chemical conversion is shown in Fig. 1. It
indicates that the reaction was completed at annealing
temperature ~700 °C.

The powder samples of Sri_,Ba,Bi;TaNbOy, pre-
pared with the compositions x =0.0, 0.1, 0.3, 0.5, 0.7,
0.9, 1.0 and annealed at 700 °C, were analyzed by x-ray
diffraction (Cu K, line). Fig. 2 shows the x-ray diffrac-
tion patterns for these compositions. It indicates that 20
angles of Sr;_,Ba, Bi, TaNbOy peaks are not much dif-
ferent from that of SBT [6]. It also demonstrates that a
complete solid solution is formed for all compositions,
and x-ray reflections maintains the 26 values as well
as their relative intensities with Ba substitution, which
is an indication that the Ba substitution is not random
but is on Sr sites. Fig. 2 also shows that (006), (111)
and (113) peaks develop systematically as Sr content
increases in the compound, and these peaks are well
developed for SrBi;TaNbQg (with x =0.0) and least
developed for BaBi, TaNbOg (x = 1.0). Since the ionic
diameters of the Nb (0.74 A) and Ta (68 A) are close,
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Figure I X-ray diffraction patterns show the evolution of chemical re-
action to form the compound Srp sBag 5Bi; TaNbOy.
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Figure 2 X-ray diffraction patterns of Srj_,Ba,BiTaNbOg powder

prepared by solution route for the compositions x =0.0, 0.1, 0.3, 0.5,
0.7, 0.9, 1.0, and annealed at 700 °C.
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their equal distribution on Ta sites of SBT does not
show appreciable effect on 260 angle and peak heights,
if compared with the calculated and measured patterns
of SBT [6].

3.2. Raman spectroscopic measurements
The Raman spectra were recorded using a spectro-
scopic apparatus (Model ISA T64000) from Jovin-
Yvon France. 514.5 nm line of an argon ion laser from
Coherent Inc was used as the excitation radiation. An
optical microscopic was used to focus the laser on the
sample and to collect the scattered signal. Scattered fre-
quencies were analyzed with a triple monochromator
and detected by a charge-coupled device (CCD) de-
tection system. With 1800 grooves/mm gratings, each
pixel of the CCD detector provides about 0.7 cm™! reso-
lution in the spectral range used. Spectra were obtained
from about 2 um diameter circular area from the mixed
samples at various different locations in the sample,
chosen randomly. Identical spectra at different regions
of each sample show that the material is homogeneous.
The instrument was calibrated using the standard Si and
CC14 samples before the Raman measurements.

The Aurivillius compound Sr*2Bij*Taj Oy (SBT)
consists of Bi;O, layers and double perovskite type
TaOg octahedral units. The divalent Sr atoms occupy the
larger site of the SrTaO3 type perovskite unit and have
not been associated directly with any vibrational modes
in SBT [7]. The crystal structures of SBT using electron
and neutron diffraction techniques reveal orthorhom-
bic distortions, which are also considered as distorted
tetragonal structures [8—10]. In an approximate tetrago-
nal structure SBT corresponds to I4/mmm (D}”Z) space
group, which permits 12 Raman active modes [6, 7].
But, in the orthorhombic phase (A2;am space group)
the factor group analysis leads to 81 zone center optical
phonons [6]. However, all the Raman modes allowed in
orthorhombic phases have not been observed in SBT or
any other Aurivillius phases [11]. While B site substi-
tution in SBT and its solid solutions with isostructural
compounds have been studies [12, 13], few reports exist
on the effect of A site substitution in this matearial [14].
Fig. 3 shows the room temperature Raman spectra of
Sr;_,Ba,Bi; TaNbOy for different x values. Following
the assignments of Graves et al. [7], the Az mode of
SBT at about 813 cm™!, which originates from TaOg
octahedral vibrations along ¢ axis shifts towards higher
frequency in SrBi; TaNbOgy (SBTN) due to the lower re-
duced mass of Nb octahedra. Ba substitution in SBTN
further shifts this mode to 840 cm™!. The in-plane lat-
tice parameters of orthorhombic/tetragonal unit cells
in SBTN are small compared to the ¢ parameters; the
z-axis vibrations are expected to be very weakly af-
fected by the change in ionic radius. Therefore, an in-
crease in 813 cm~! mode frequency could originate
from the mass difference between Ba and Sr that greatly
influences the environment around the TaOg octahedra.
The 600 cm™" E, mode of SBT that shifts to 586 cm™!
in SBTN does not show any significant changes with Ba
substitution. The low frequency Raman spectra of these
materials are expanded in Fig. 4 for the clarity of the
features. The most prominent effect of Ba substitution
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Figure 3 Room temperature Raman spectra of Sri_,Ba, Bi TaNbOyg for
x=0.0,0.1,0.3,0.5, 0.7, 0.9, 1.0, and annealed at 700 °C.
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Figure 4 Low frequency Raman spectra of Srj_,Ba,BiTaNbOy for
different x values.

is on the SBT 25 cm™~! mode, which is marked by an
arrow in Fig. 4. This mode has been regarded as a soft
mode [15, 16] and relates to the lattice instability at the
ferroelectric phase transition. In SBTN this mode disap-
pears above 290 °C [17]. The transition temperature of
SBT on the other hand decreases by 225 °C (from 335 to
110 °C) on replacing Sr by Ba [2]. The broadening and
reduced intensity of the soft mode with increasing Ba
content could be understood as an effect of the lowering
transition temperature. Similar overdamped soft mode
has also been observed in BaBi, Ta; Qg [15]. Another ef-
fect of Ba substitution is the relative intensity changes
of Bi,O, vibrations along and perpendicular to c-axis
at about 213 and 250 cm™!, respectively in SBTN.
These vibrational frequencies do not shift with Ba con-
tent. This indicates that the Bi, O, layers are least af-
fected by the compositional changes in the compound.
But, their relative intensities change due to the possi-
ble change in local environment. In SBTN 213 cm™!
mode is relatively strong and as transition temperature
decreases with increasing Ba in the compound, in plane
vibrations about 250 cm~! become more intense. All
the low frequency Raman modes do not show any ap-
preciable shifts in peak frequencies with Ba content.
This shows that Ba substitution is taking place at the A
sites and the material maintains the Auirvillius phase.
The evolutions of Srps5Bag sBi; TaNbOg using Raman
spectra with increasing annealing temperature are dis-
played in Fig. 5. These spectra reveal that though the
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Figure 5 The evolution of SrgsBag sBi;TaNbOg Raman spectra with
increasing annealing temperatures in steps of 50 °C from 550 to 800 °C.
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Figure 6 The comparison of Srp 5Bag sBi, TaNbOg Raman spectra from
powder and thin film on quartz.

crystallization begins at much lower temperatures, only
at 700 °C or above the material crystallizes in an Au-
rivillius phase.

Thin films of SrysBagsBi;TaNbOg were deposited
on quartz substrate by spin coating (Headway spinner)
and annealed at 700 °C for 30 min. The Raman spectra
of Sty sBag sBi; TaNbOg powder and film are compared
in Fig. 6. The identical Raman spectral features in thin
film and powder indicate that the material quality re-
mains excellent in thin films. However, relatively low
intensity and broadening of the modes can be attributed
to the smaller film thickness and interactions at the film
substrate interface.

4. Optical and ferroelectric response

The characteristic feature of a weakly absorbing
thin film on transparent substrate is to show in-
terference effect in transmission spectrum. With a
reference quartz disk, the transmission spectrum of
Sro.sBag sBi TaNbOy thin film on quartz was recorded.
Fig. 7 shows the transmission curve with typical inter-
fernce effect (maxima and minima). The interference
effect also indicates that the film was uniformly de-
posited by spin coating. Thickness and refractive index
of the film were calculated using the method described
by Manifacier et al. [18] to determine the optical con-
stants of a weakly absorbing thin film [19]. The refrac-
tive index of 860 nm thick SrysBagsBi;TaNbOyg film
is plotted (350-900 nm wavelength range) in Fig. 8,
which shows that the refractive index decreases with
increasing wavelength as expected.
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Figure 7 Typical transmission curve for a thin SrpsBag sBi> TaNbOg
film on quartz substrate with uniform thickness of 860 nm.
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Figure 8 Refractive index variation with excitation wavelength in
Srg.5Bag sBi; TaNbOg thin film.

To study the ferroelectric effect, we deposited
Srg.5Bag 5sBi, TaNbOy film on Pt substrate and annealed
at 700 °C for 30 min. The ferroelectric response was
measured using RT 66A probe in a configuration
Pt/Sry 5Bag 5sBi, TaNbOg film/InGa top electrode. Fer-
roelectric response is shown in Fig. 9, with remnant
polarization, Pr ~ 13.5uC/cm? for the capacitor area
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Figure 9 Ferroelectric response of Srg sBag sBi» TaNbOy film on Pt sub-
strate (Horizontal scale 1.5 V/Div., Vertical scale: 7 (1C/cm?)/Div.).



of 0.25 cm?. This is an improvement in Pr value over
StBi;Tag gNb; »Og film [4] prepared by pulsed laser
deposition (PLD), but the films seem to be leaky.

5. Conclusion

We reported a chemical solution route for the syn-
thesis of Sri_,Ba,Bi;TaNbOy powders and thin films
with their structural studies using x-ray diffrac-
tion and Raman spectroscopy. SrgsBagsBi; TaNbOg
film showed ferroelectric response. This material
could have tunable dielectric properties in microwave
frequencies.
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