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Abstract

SrBi,Ta; ¢Nbgy 409 (SBTN) and SrBi,Ta;0y (SBT) ceramics with typical bismuth layered perovskite structure were synthesized by hot-press
sintering at 1000 °C for 2 h. The maximum relative density of as-sintered SBTN and SBT materials is 98.97%. The domain structure of SBTN and
SBT was systemically characterized by means of TEM and HRTEM. The 90° domain walls were identified by the 90° rotation relationship of the
electron diffraction pattern along the [0 0 1] zone axis. Irregular shaped and highly curved 180° domain wall were also observed in SBTN ceramics.
The traditional a-fringes can be found in SBT, which are the evidence of large strains in hot-press sintering ceramics. Rod-like SrTa,Og precipitates

are also analyzed as well as its interface with the matrix.
© 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Ferroelectric ceramics have attracted much attention due to
their potential applications in photocatalytic splitting of water
into H, and O, [1], and in electronic devices such as
pyroelectric infrared detectors, optical switches, actuators,
dynamic random access memories (DRAMS), and non-volatile
random access memories (NVRAMS) [2-5]. In particular,
SrBi,Ta,O9 (SBT), one of the bismuth layered structure
compounds, is a promising candidate for ferroelectric random
access memories (FRAMS) due to its excellent fatigue
resistance after 10'? cycles under polarization switching [6].
SBT and SrBi,Nb,Og (SBN) are called Aurivillius phase [7],
and have the general formula of (Bi202)2+(Am_1Bm03m+1)27,
where A and B represent ions with suitable valences and ionic
radii (such as Bi, Pb, Ba, Sr, Ca and K for the A site and Ti, Nb,
Ta, W, Mo, Fe and Cr for the B site, respectively). A pseudo-
perovskite layer (A,,_1B,,03,,.1) is sandwiched between the
fluorite type sheets (Bi202)2+, where m and m — 1 are the
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numbers of oxygen octahedral and pseudo-perovskite units in
one layer, respectively. A lot of attempts to improve properties
of SBTand SBN materials by doping (W®*, V>*, Sb>* and Sn**)
have been reported [8—13]. Idemoto et al. [14] investigated the
relationship between the average and local crystal structures
and found enhancement in ferroelectric properties of Bi;SiOs,
Bi4Si;0y,, or Bi,O3; added Sr;_,Biy,,Ta,09 (x=0, 0.2)
produced by a solid-state reaction. There have been a large
number of reports on the synthesis and characterization of SBT
and SBN powder, thin film and bulk ceramics in the literature
recently [15-19]. Polymeric precursor method was used to
prepare both SrBi,(Tag sNbg 5),09 (SBTN) thin films [20] and
tungsten ion (W) substituted SBTN thin films [21]. Textured
SrBi,Ta,Og (SBT) ceramics were fabricated via template grain
growth (TGG) technique using platelet-like SBT single crystal
templates [22]. SBT ceramics were mostly synthesized using
conventional solid state reaction in which relatively high
sintering temperature, usually exceeding 1200 °C, and long
sintering time (12-30h) were required [23-25]. The most
commonly used grain orientation technique is the hot-forging
method which results in the spontaneous polarization being in
the grain-oriented c-plane.

A typical microstructure of SBT (7, =300 °C) is the 180°
ferroelectric domain configuration and this may be the reason
for good fatigue properties. While SBT exhibits lower remnant
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polarization (P,), higher coercive field (E.), and higher leakage
current than SBN (7, = 440 °C). Although, partial substitution
of Nb for Ta in SBT has been investigated to provide a material
with enhanced ferroelectric properties, the microstructure and
domain morphologies of SBT ceramics are still unknown. In
addition, to our best knowledge, the electric domain structure of
the SBT (or SBTN) ceramics has been rarely observed. Herein
we report domain structure in SBTN ceramics prepared by hot-
press process.

2. Experimental

The SBTN and SBT ceramics were synthesized by hot-press
sintering with the starting powders prepared by a new sol—gel
method. Since the samples were possibly contaminated by
graphite mould during sintering, the disk samples were buried
in SBT powder and heat treated for decarbonizing at 1000 °C in
air for 1 h.

The relative density was measured by the Archimedes
method. The phase structure of samples was examined by X-ray
diffraction (XRD) with a scanning speed of 10°/min. The
morphology of the samples was determined by a scanning
electron microscope (SEM). Samples for TEM observation
were prepared by conventional mechanical thinning, followed
by Arion milling. A JEM ARM 1000 TEM operated at 1000 kV
was used for this study. Hysteresis (P—E) loop measurement
was performed using a Radiant Technology RT 66A ferro-
electric test system.

3. Results and discussion

The as-sintered SrBiyTal ¢Nby 4Oy (SBTN) and un-doped
SBT materials had almost equal relative densities of 98.88%
and 98.97%, respectively. The crystal structure of as-sintered
SBTN is proved by XRD results as shown in Fig. 1 to have a
single perovskite phase with layered structure, which is similar
to that of SBT. However, the lattice constants exhibit significant
difference with a, b and ¢ of 0.5522, 0.5524 and 2.5026 nm,
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Fig. 1. XRD profiles of decarbonized SrBi,(Ta;_,Nb,),Og ceramics: (a) SrBi,.
T’d]_ﬁNbOAOQ; (b)SrBizTazog.

respectively. Obviously, the lattice constants a and b decrease,
while ¢ increases, by doping with Nb into the SBT lattice. The
substitution of Nb for Ta is responsible for these variations as
pentavalent niobium ions (radius of 0.068 nm) are larger than
pentavalent tantalum ions (radius of 0.064 nm). Meanwhile the
results of calculated intensity of various planes show that the
intensity ratio (Ipog/Ir00) of (0 0 8) to (2 0 0) is clearly larger
than that of the un-doped SBT in which the XRD profile is close
to the data in JCPDF 49-0609. The Iygg/l»00 values of the
SrBi,Ta; ¢Nby 409 and the un-doped SBT are 0.43 and 0.17,
respectively. This indicates that there exist some preferred
orientations such as {0 0 8} planes formed during the sample
preparation.

SBT is a typical member of the family of bismuth-layered
perovskite ferroelectric oxides. Its crystal structure belongs to
orthogonal system with space group of true ferroelectric
A2,am. Ferroelectric domain structures in SBT single crystal
materials have been investigated by the theory of space groups
[26,27]. Theoretically analysis determined there are five kinds
of domain walls in SBT, i.e. 90° domain wall, 180° domain
wall, antiphase boundaries (APBs), APBs combined with 90°

Fig. 2. 90° domain structure in SBT: SAD pattern in [0 O 1] direction of one domain (a), and of two domains oriented by 90° mutually (b) in undoped SBT. Curved

domain walls are obvious both in BF (c) and DF (d) of (1 2 0) diffraction spot.
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domain wall, and APBs combined with 180° domain wall. The
relationships between different ferroelectric domains are just a
90° or 180° rotation around ¢ axis. In reciprocal space, the
lattice of two domains with 180° rotation overlap each other
totally. Therefore, in a dark field image with an (odd 0 0)
superlattice diffracted spot from one domain, other domains
can also be observed. The boundaries of domains are then
identified with a contrast. Fig. 2(a) shows a typical electron
diffraction pattern of one domain in [0 0 1] direction, while
Fig. 2(b) shows a diffraction pattern from two domains with a
rotation of 90° mutually. Fig. 2(c) and (d) shows the domain
structures both in bright field and in dark field images of (1 2 0)
spot, respectively. With the help of the break of Friedel’s law,
the 180° domain walls and anti-phase boundaries APBs in Nb-
doped SBT ceramics are also observed in the dark field using
the (1 2 0) superlattice spot. The curved domain boundaries are
obvious in the dark field image as shown by arrows. Other
domain boundaries were also observed with (1 00), (300),
(500) spots in [0 0 1] direction of SrBi,Ta,Og phase. Fig. 3
shows both the bright and dark field images of (5 0 0) spot. The
boundary between bright and dark domains is a 90° domain
wall and that between two bright or two dark domains is a 180°
one. More interestingly, however, the traditional 90° domain
can be found in the SBT ceramics, which are the evidence of
large strains in the lattice. Fig. 4 gives the bright field and dark
field morphology of the traditional 90° domain structures.
During hot-press sintering of SBT samples, the elastic strain
plays a very important role in forming the domain structure.
However, it is known that the type of domain wall of SBT is
determined by the dipole—dipole interactions and domain wall
energies. Therefore, the long-range elastic strain also dictates
the domain structure for the SBT. It reveals that the domain
structure of the SBT is similar to typical ferroelectrics.

The crystal structures of the impurities were also analyzed in
TEM. There are typical rod-like precipitates both in up-doped
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Fig. 3. 180° domain structure in SBT: Domain structure in BF (a) and DF (b)
images observed with (5 00) spot in the SAD pattern of undoped SBT (c).
Bended 180° domain wall is obvious.

Fig. 4. Traditional 90° domain walls in hot-press sintered SrBi,Ta,Oo: (a) BF; (b) DE.
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Fig. 5. Rod-like structures in Nb doped SBT matrix. (a) Low magnification image of rod-like structures and SBT matrix; (b) SAD pattern from one rod-like structure;
(c) SAD pattern from SBT matrix; (d) high-resolution images of the interface between another rod-like phase and SBT matrix with diffraction pattern inserted.

and Nb doped SBTs. Fig. 5(a) shows the BF morphology of the
rod-likes structures. Fig. 5(b) and (c) are the SAD patterns from
one rod-like grain and from SBT matrix, respectively. An
enlarged area near direct beam was inserted in Fig. 5(b) for
clarity. The rod-like phase is identified as SrTa,Og¢ phase based
on the results both of SAD and Energy-Dispersive X-ray
Spectroscopy (EDS) analysis. The content of Bi around the
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Fig. 6. Hysteresis loop of SrBi,Ta,Oy (a) and SrBi,Ta; ¢Nbg 409 (b) ceramics.

impurities is deficient, and the mole ratio of Sr to Ta is about
1:3. Small amounts of Nb can also be detected by EDS. This is
attributed to evaporation of a small amount of Bi,O3 (melting
point about 820 °C) during sintering process. HRTEM
micrograph in Fig. 5(d) shows the interface clearly between
SrTa,Og (ST) precipitate and SBT matrix. It is obvious that the
interface is clear and straight without any other phases. The
contrast near interface in SBT side indicates the small strain due
to the low lattice mismatch between ST precipitate and SBT
matrix. The combined SAD pattern is inserted.

Fig. 6 shows the hysteresis loop of SBT and SBTN ceramics.
P-E hysteresis loops show P, increases from 5.5 pnC/ecm? to
12 pC/em?, and E, increases from 35 kV/em to 50 kV/cm.
Atomic displacement of the ions in the (Ta,Nb)Og octahedron
significantly increases as the amount of Nb doping increasing,
which leads to more structural distortion of the perovskite-type
unit. The contribution of the perovskite-type unit to total
ferroelectric polarization increases with the amount of Nb
doping increasing.

4. Conclusion

SrBi,(Ta;_,Nb,),Og (x = 0, 0.2) ferroelectric ceramics were
synthesized with a reactive hot-press sintering process. The as-
sintered SBTN materials had a maximum relative density of
98.88%. The lattice constants a and b decrease and c¢ increases
after Nb doping into SBT. The TEM and HRTEM observation
results show (0 0 8) preferred orientations of grains, which
matches well with the XRD results. The 90° domain walls are
identified by a 90° rotation relationship of the electron
diffraction pattern along the [0 O 1] zone axis. Irregular shaped
and highly curved 180° domain wall were also observed in
SBTN ceramics. The traditional 90° domain walls are also
found in the hot-press sintered SBT ceramics, which are the
evidence of large strains in the lattice. Rod-like SrTa,;Og
precipitates are also analyzed as well as its interface with the
matrix.
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