
Dielectric properties and phase transition in

SrBi2Nb2O9–SrBi2Ta2O9 solid solution

D. Kajewski a,*, Z. Ujma a, K. Szot a,b, M. Pawełczyk a

a Institute of Physics, University of Silesia, 40-007 Katowice, ul. Uniwersytecka 4, Poland
b Institut für Festkörperforschung, Forschungszentrum Jülich, 52425 Jülich, Germany
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Abstract

Structural and dielectric properties of SrBi2(Nb1�xTax)2O9 solid solution, (SBNT), with x = 0.0, 0.1, 0.2, 0.3, 0.5, 0.7, 1.0 were investigated.

Crystal structure at room temperature was analyzed by X-ray diffraction study. SBNT exhibits an Aurivillius structure and the c lattice constant

decreases with increasing concentration of Ta in the solution. The studies of real (e0) and imaginary (e00) parts of permittivity as a function of

temperature (20–500 8C) and frequency (0.1–100 kHz) were carried out, as well. The anomalies of e0(T) and e00(T) associated with phase transition

from the tetragonal paraelectric phase (PT) to the orthorhombic ferroelectric phase (FO) were observed. They are strongly dependent on the Ta

content in the solution. The grain structure and chemical composition were examined by a scanning electron microscope (SEM), with an energy

dispersion spectrometer (EDS). The EDS analysis indicated a homogeneous distribution of all elements of ceramics within the grains.
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1. Introduction

An increasing interest in bismuth layer structured ferro-

electrics (BLSFs) has been noticed in the recent years because

of their potential application in technical devices. For example,

Sr-based BLSFs such as SrBi2Nb2O9 (SBN), SrBi2Ta2O9 (SBT)

and their solid solutions SrBi2(Nb1�xTax)2O9 (SBNT) have

been considered as one of the most promising candidates for

non-volatile random access memory (NVRAM) devices due to

their excellent fatigue-resistant properties [1]. The layer

structure BLSFs, that is described by the chemical formula:

(Bi2O2)2+ (Am�1BmO3m+1)2�, where m indicates the number of

perovskite building blocks between two (Bi2O2)2+ layers and A

and B represent the different cations of low and high valences,

allows to assume that there exists a great possibility for a

mutual doping within various ions to BLSFs [2].

A lot of attempts to improve properties of the SBNT

materials by doping have been reported recently [3–6].

However, the dielectric and piezoelectric properties of SBNT
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solid solution were presented only by Shimakawa et al. [7] and

Sun et al. [8]. The aim of this paper is to present the results of

detailed studies on crystal structure at room temperature,

microstructure, dielectric properties and phase transition in

chosen ceramic samples of SBN–SBT solid solution.

2. Experimental

The SrBi2(Nb1�xTax)2O9 ceramics, (SBNT), with x = 0.0,

0.1, 0.2, 0.3, 0.5, 0.7 and 1.0 were prepared by a standard

mixed-oxide method. Starting raw materials SrCO3, Bi2O3,

Ta2O5 and Nb2O5 (all from Aldrich), were weighted and mixed

together for 24 h. The mixtures were pressed into pellets and

then sintered for 2 h at 950 8C inside a closed double crucible.

The obtained substances were crushed, milled in a ball mill and

sieved. Such powders were pressed again into pellets and

sintered for 2 h at 1150 8C.

The grain structure and distribution of all components

throughout the grains were examined by a scanning electron

microscope (SEM), JSM-5410, with an energy dispersion X-

ray spectrometer (EDS) by Oxford Instruments. The metallo-

graphic specimens of all samples were analyzed as well. The

crystal structure was analyzed by the X-ray diffraction (XRD,
d.
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Table 1

Concentration of elements from the EDS analysis.

Sample Experimental (at.%) Nominal (at.%)

Sr Nb Ta Bi Sr Nb Ta Bi

SBN 19.14 38.97 – 41.89 20 40 – 40

SBNT 90/10 18.01 38.27 3.38 40.34 20 36 4 40

SBNT 80/20 17.77 35.04 6.86 40.32 20 32 8 40

SBNT 70/30 20.61 28.28 13.72 37.39 20 28 12 40

SBNT 50/50 22.39 15.91 23.87 37.83 20 20 20 40

SBNT 30/70 23.39 12.76 26.24 37.61 20 12 28 40

SBT 25.64 – 37.56 36.80 20 – 40 40
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STADI Diffractometer, Cu Ka radiation). The density of the

investigated ceramics was determined by the Archimedes

displacement method with distilled water. All the ceramic

pellets were polished to obtain flat and parallel surfaces and

were about 0.5 mm in thickness for dielectric measurements

and for the observation of spontaneous polarization and the

coercive field. The samples were coated with silver electrodes

using a silver paste without thermal treatment and deaged at

500 8C for 10 min prior to measurements. The obtained

ceramics were used for the measurements of the real part of

permittivity (e0) and the dielectric loss (e00) as a function of

temperature and frequency of the measuring field. An

automatic measuring system with HP 4192A impedance

analyzer was used to measure and record e0 and e00. The

remnant polarization (Pr) was determined from the hysteresis

loop measurements at room temperature in silicon oil.

Hysteresis loops were measured using the RT6000HVS by

Radiant Technologies.

3. Results and discussion

3.1. SEM and composition analysis

The observation of microstructure of SrBi2Nb2O9 (SBN),

SrBi2(Nb0.5Ta0.5)2O9 (SBNT 50/50) and SrBi2Ta2O9 (SBT)

ceramics was carried out. In all cases grains have plate-like

shape with random orientation. This is one of the characteristics

of bismuth layered structured ferroelectrics. The grain growth

in these materials is much different than in isotropic

ferroelectrics. The grain growth in a- and b-axis direction is

much more forced than in the c-axis direction, which is

perpendicular to the a–b plane. So the SBNT ceramics as one of

BSLFs manifest a plate-like morphology. An addition of Ta

leads to a decrease of the plate thickness from �2 mm for SBN

to �1 mm for SBT. The metallographic analyses revealed that

the angle between grain boundaries in SBN in most cases is

around 1208 and grains have rounded shape (Fig. 1a). The

addition of Ta into SBN (Fig. 1b) causes the appearance of

grains which predominate in the pure SBT (Fig. 1c).

Energy dispersion X-ray spectrometer (EDS) was used to

check the distribution of individual elements within the grains.
Fig. 1. SEM images of the surface after metallographic
The EDS analysis indicated a homogeneous distribution of all

elements of ceramics within the grains. Moreover, the

quantitative microanalysis performed with the implementation

of SEMQuant programs elaborated by Oxford Instruments

showed that all samples had the stoichiometry close to nominal

(Table 1).

3.2. XRD analysis and density

The calculations were performed using the software for

treatment of powder X-ray diffraction data DHN_PDS. In order

to receive exact locations, intensities and widths of diffraction

lines, the experimental data were fitted to theoretical functions.

The attempts at fitting by Gaussian (G), Lorenzian (L),

modified Lorenzian (ML) and intermediate Lorenzian (IL)

were made. The IL profile showed the best agreement with

experimental data and this profile was used to fit all segments of

the diagram including the diffraction lines.

The XRD patterns of SBNT ceramics obtained at room

temperature are shown in Fig. 2. They exhibit an Aurivillius

structure but no other phase is observed. We have confirmed the

structure of our SBNT ceramics by fully indexing the observed

peaks of the XRD spectrum according to A21am symmetry. The

strongest diffraction peak for all SBNT samples is (1 1 5),

which is consistent with the (112m+1) highest diffraction peak

in Aurivillius phase [9]. It is noticeable that the intensity of the

(0 0 4) diffraction peak decreases gradually with the increase of

Ta content. The a and b lattice constants are equal to each other

within the error (�0.002 Å). There are no changes of these
specimen of SBN (a), SBNT 50/50 (b) and SBT (c).



Fig. 4. Variations of phase transition temperature vs. Ta content.

Fig. 2. Part of the diffraction patterns obtained at the room temperature of the

SrBi2(Nb1�xTax)2O9 ceramics.
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constants with the changes of SBT content in SBN and their

values are about 5.497 Å. The c lattice constant decreases from

25.10 to 24.94 Å linearly with increasing amount of Ta in the

solid solution. Obtained results are in very good agreement with

previous investigations [10,11].

The calculations of the density were performed for a

comparison with results obtained by the Archimedes method.

The experimental density is about 93% of the theoretical one

calculated from the XRD measurements. Such a difference is

caused mainly by pores. The density increases linearly with the

increase of Ta content from about 6.7 g/cm3 (experimental),

7.25 g/cm3 (theoretical) to 8.2 g/cm3 (experimental), 8.75

g/cm3 (theoretical) for SBN and SBT, respectively.

3.3. Dielectric properties and investigations of hysteresis

loops

The samples were treated as plate capacitors and it was

possible to calculate the real part of permittivity (e0) and

dielectric loses (e00). The comparison of e0(T) and e00(T) plots for
Fig. 3. Real part of permittivity vs. temperature (a), dielectric losses vs. temperature

part of permittivity vs. Ta content (inset).
SBNT ceramics is shown in Fig. 3a and b, respectively. The

characteristics were obtained at the measuring field of 100 kHz

frequency. In the low temperature range, e0 is around 100 for all

samples and exhibits small changes with temperature. More-

over e00 values are small in the temperature range from about

200 8C down to room temperature. Both e0(T) and e00(T) reveal

anomalies associated with phase transition from the tetragonal

paraelectric phase (PT) to the orthorhombic ferroelectric phase

(FO). One can see that the position of anomalies in e0(T) and

e00(T) plots, corresponding to PT–FO phase transition, are

strongly dependent on the Ta content. The changes of the

temperature TM at which the anomalies in e0(T) appear, with the

changes of the content of the ceramics are shown in Fig. 4. Both

the real part of permittivity peak and dielectric loss peak shift

gradually towards lower temperatures as the Ta content (x)

increases.

The presented plots of e0(T) show a diffuse character of the

PT–FO phase transition causing the observed deviations from

the Curie–Weiss law in the range of the paraelectric phase up to

TB temperature which can be interpreted as Burns’ temperature
(b) in SrBi2(Nb1�xTax)2O9 ceramics and variations of the maximum of the real



Fig. 7. Remnant polarization vs. intensity of measuring field for chosen

SrBi2(Nb1�xTax)2O9 ceramics.

Fig. 5. lnð�1þ e0max=e
0Þ vs. ln(T � TM) at 100 kHz in the temperature range

between TM and TB for SrBi2(Nb1�xTax)2O9 ceramics.
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[12,13]. The attempt to test the Curie–Weiss law above TB was

made for all samples. It was successful only in the narrow range

of temperatures in all samples except SBNT 30/70. The Curie

constant (C) value is oscillating around 0.8 � 105 8C. The

gradual decrease of the Curie–Weiss temperature (T0) from 395

to 224 8C was observed for SBN with enhancing amount of Ta.

The quantitative assessment of the diffusion (g) in the

paraelectric phase in the temperature range between TM and TB,

was evaluated by the expression [14]

1

e0
� 1

e0max

¼ ðT � TMÞg

C0
(1)

where g and C0 are constants. The exemplary plots are shown in

Fig. 5. It is known that the value of g (1 � g � 2) is the

expression of the degree of diffusion of the phase transition.
Fig. 6. Real part of permittivity as a function of temperature measured on cooling at v

ceramics. The individual curves plotted for the frequency: 0.1; 1; 10; 20 and 100
The g value increases from 1.41 to 1.97, for SBT and SBN

ceramics, respectively. This may suggest that the diffuseness of

the phase transition is caused not only by the fluctuation of

chemical composition but also by inner electric fields and

tensions which are the results of creation of vacancies.

The measurements of e0(T) at various frequencies of the

measuring field, were performed to check the existence of

relaxor properties of the samples. The exemplary curves are

shown in Fig. 6. The e0(T) characteristics show a decrease of

the e0 value at the temperature higher than 150 8C with an

increase of the measuring field frequency, and an intensifica-

tion of the low frequency dispersion in the ferroelectric

phase. The dispersion may occur due to the Sr/Bi cation

exchange [15,16] during synthesis process and from the

volatilization of Bi2O3 at high temperatures leading to the

creation of oxygen vacancies [17]. That leads to induced

polarization which becomes dominant at high temperatures

and low frequencies.
arious frequencies of measuring field, for SBN (a), SBNT 50/50 (b) and SBT (c)

kHz.
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All e0(T) plots exhibit no shift of the temperature TM with

frequency. Such a shift is typical for ferroelectric relaxors

[18]. Moreover, an additional increase of the e0(T) curves

were observed in the range of higher temperatures in the

paraelectric phase which point to the low frequency

dispersion in all samples. Such dispersion has also been

reported by others [19].

The investigation of P–E hysteresis loops for SBN, SBNT

50/50 and SBT ceramics was performed also. The measure-

ments were made at the room temperature and under driving

field from 2 to 85 kV/cm in the virtual ground mode. Only

the hysteresis loop for the SBT sample has approached

saturation. All observed loops were shifted into negative field

values which could be caused by existence of oxygen

vacancies. Such phenomenon was also observed for SBNT

thin-film capacitors [20]. From performed measurements it

was possible to determine relationship between remnant

polarization of the samples and intensity of measuring field.

The dependence is shown in Fig. 7. Remnant polarization in

SBT sample is much smaller than reported by Shimakawa

et al. [7]. Authors of the publication [7] have calculated the

polarization from the atoms displacement using the simple

ionic model which does not take into account the anisotropy

of ceramics, screening process and existence of amorphous

phase in ceramics. Those could be reasons of differences in

mentioned value of polarization.

4. Conclusions

The results obtained for SBN–SBT solid solution can be

summarized as follows.

(1) We were able to obtain the solid solution SBN–SBT with

A21am symmetry at room temperature, where the a and b

lattice constants do not change with the increase of Ta

content. However, the c lattice constant decrease with the

increasing amount of Ta.

(2) It was possible to determine the temperature of the

phase transition (TM) from the paraelectric to the

ferroelectric state from e0(T) measurements. The TM

temperature decrease from �420 8C for SBN to �310 8C
for SBT.

(3) The phase transition exhibits diffuse character and the

strong low frequency dispersion however; the solid solution

does not exhibit relaxor behavior such as BaBi2Nb2O9–

BaBi2Ta2O9 solid solution. The reason of the dispersion

may lie in the tendency to creation of defects in the crystal

lattice especially in Bi, Sr and O sublattices.

(4) The lack of relaxor behavior in SBN–SBT solid solution

may lie in smaller cation disorder in Sr/Bi sublattice than in

Ba/Bi sublattice in BaBi2Nb2O9–BaBi2Ta2O9 solid solution

what was reported for SBN and SBT samples by Nuzhnyy

et al. [21].

(5) The problem of Sr/Bi cation disorder in SBN–SBT system

is not clear yet and should be carefully studied since it could

be a reason of dispersion of dielectric response.
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