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Effect of Temperature and Frequency on Dielectric
Properties of Aurivillius Type

Sr0.9Pb0.1Bi2−xLaxNb2O9 Ferroelectric Ceramics

SAMEER JAIN∗ AND A. K. JHA

Dept. of Applied Physics, Delhi College of Engineering, Delhi–110042, India

In the present work, keeping a small quantity of lead (10 atomic %) at Sr site, the
contents of La have been varied at Bi site to study the behavior of SBN. Samples of
compositions Sr0.9Pb0.1Bi2−x Lax Nb2O9 (with x = 0.0 to 0.2) were prepared by solid
state reaction method. X ray diffraction analysis reveals the formation of single phase
perovskite structure. Although the perovskite structure of SBN is retained, slight changes
in the lattice parameters are observed. Tetragonal strain is observed to decrease in the La
doped samples. Dielectric constant and dielectric loss have been measured as a function
of temperature(300–800 K) and frequency (100 Hz–100 kHz). It is observed that there
is an overall decrease in dielectric constant with increasing lanthanum content. It is
also observed that dielectric loss decreases with increasing amount of La content. Curie
temperature is observed to decrease from 440◦C for pure SBN to 230◦C for La (x =
0.20) doped sample. The variation of conductivity with temperature in these samples is
also reported.

Keywords Dielectric constant; dielectric loss; Curie temperature; ferroelectric
ceramics

Introduction

SrBi2Nb2O9 (SBN) is one of the most promising fatigue resistant ferroelectric ceramic well
known for its excellent fatigue characteristics, high Curie temperature, high remanant po-
larization, low coercive field and low leakage current [1–3]. These ceramics have attracted
the attention of researchers due to their potential applications in non–volatile random ac-
cess memories (NvRAM), high capacitance capacitors, etc. Bismuth layered Aurivillius
type compounds have a general formula [Bi2O2] 2+ [An−1Bn O3n+1]2−consisting of per-
oviskite [An−1Bn O3n+1]2− layers sandwiched between [Bi2O2]2+layers. Here A can be
Ba2+, Sr2+, Pb2+ etc. and B can be Nb5+, Ta 5+, etc [4]. These ceramics are very sensitive
to the compositional variations. Changing the stoichiometry or doping with various ele-
ments remarkably influences crystal structure and ferroelectric properties. In bismuth layer
structured ferroelectrics, bismuth layer influences the structural, electrical and ferroelectric
properties of these ceramics [4–6]. In bismuth layer structures stoichiometry of the system
is difficult to maintain as bismuth oxide has high vapor pressure and is evaporated off at
higher temperatures leaving behind cationic and anionic vacancies [4]. These vacancies
are responsible for distorted unit cells structure which results in high ferroelectric response
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along a–b plane and increased lattice strain along c-axis. Due to stoichiometric disparity
bismuth oxide layer may induces space charge [7]. Bismuth oxide layer is paraelectric in
nature while peroveskite unit cell is ferroelectric [8]. Hence it is interesting to study the
effect of addition of La at Bi site with a small amount (10 at %) of lead at Sr site. These
effects have been studied in the present work and are reported here.

Experimental

Polycrystalline strontium bismuth niobate ceramic samples of compositions Sr0.9Pb0.1-
Bi2−xLaxNb2O9 (x = 0.0 to 0.2 in steps of 0.05) were prepared by solid-state reaction
method. SrCO3, PbO, Bi2O3, La2O3, Nb2O5 (all from Aldrich of 99.9% purity) were taken
in stoichoimetric proportions, thoroughly mixed, ground and passed through sieve of ap-
propriate size. Mixtures were calcined at 900◦ C in air for 2 hours. The calcined specimens
were mixed with appropriate quantity of polyvinyl alcohol and then molded into disc shape
pellets by applying a pressure of 300 MPa. Pellets were finally sintered at 1200◦C for 2 hrs.
X–ray diffraction data were collected for these samples on a Philips X–ray diffractometer
using CuKα radiations (range 10◦ ≤ 2θ ≤ 70◦). Silver paste was used on the pellets to form
electrodes. The dielectric parameters were measured at 100 KHz on an Agilent 4284A LCR
meter at oscillation amplitude of 1 volt.

Result and Discussions

1. Micro Structural Studies

Figure 1 shows the XRD patterns of some of the studied samples. The position and inten-
sity of the peaks in X-ray diffractograms show the formation of single-phase perovskite
orthorhombic structure in all the samples. A small variation in the position and intensity of
the peaks is observed which is possibly due to the variations in the lattice parameters. It is

Figure 1. X-Ray diffractograms of samples Sr0.9Pb0.1Bi2−x LaxNb2O9 (x = 0.0 to 0.2).
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also observed that with increase in La content, the background noise increases, indicating
a decrease in crystalline nature of the sample. The samples with x = 0.05 and 0.1 show
high crystalline structure while x = 0.15 and 0.2 are less crystalline as evident from the
disappearance of few peaks of low intensity.

The intensity of few peaks is observed to decrease with increase in La content indicat-
ing the decrease in perovskite phase in the sample. Lattice parameters have been calculated
from the obtained d-values. La doped samples show very small changes in the lattice pa-
rameters. Tetragonal strain (c/a) of the samples was calculated using the obtained lattice
parameters. Tetragonal strain of the studied samples shows an overall decrease with in-
creasing La content.

2. Dielectric Studies with Temperature

Figure 2 shows dielectric constant as a function of temperature at 100 kHz. These ob-
servations have been plotted using microcal origin 6.1. Dielectric constant of pure SBN
is more than Pb and La doped samples. Large number of vacancies in SBN at Bi sites
are expected because of bismuth oxide evaporation at higher temperature during sintering
process [9]. Replacement of Bi by La not only stabilizes the crystal structure but would
also creates fewer vacancies at Bi site. This is possibly the cause for the lower dielectric
constant of SPBLN than that of SBN. The value of dielectric constant has four-polarization
contributions, namely: orientational polarization, ionic polarization, electronic polarization
and space charge polarization [10,11]. The dielectric constant is observed to decrease with
increasing La content. The dielectric constant of these samples is affected besides other
factors by the evaporation of bismuth oxide during sample preparations. This results in
space charge generation, which plays an important role in influencing dielectric response
of the samples.

Figure 3 shows the variation of Curie temperature with increasing La content. The
temperature at which the phase transition occurs corresponds to Curie temperature of the

Figure 2. Dielectric const. vs Temp. of Sr0.9Pb0.1Bi2−xLaxNb2O9 at 100 kHz. (See Color Plate VI)
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Figure 3. Curie temperature vs x- values in Sr0.9Pb0.1Bi2−xLaxNb2O9.

sample. Curie temperature decreased from 400◦C for La free sample to 230◦C for La (x =
0.20) doped sample. A decreased tetragonal strain in La doped samples is attributed to be
the cause for the decrease in Curie Temperature [6]. La doping reduces lattice parameters
[13] and stabilizes the crystal structure. Reduced parameters are expected to show less
ferroelectric behavior [14].

Figure 4 shows dielectric loss as a function of temperature measured at 100 kHz. The
dielectric loss of SBN at Curie temperature is 1.39 and that of SPBLN (x = 0.20) at Curie
temperature is 0.86. Dielectric loss increases with increase in temperature and the increase

Figure 4. Dielectric loss vs x-values in Sr0.9Pb0.1Bi2−xLaxNb2O9 at 100 kHz. (See Color Plate VII)
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Figure 5. Dielectric const. vs Temp. of Sr0.9Pb0.1Bi2−xLaxNb2O9. (x = 0.0, 0.05, 0.15) at different
frequencies. (See Color Plate VIII)

is sharp at higher temperatures. This is possibly due to high concentration of charge carriers
present in the sample at higher temperature. Similar observations have been made by others
[4–6, 15, 16].

3. Dielectric Studies with Frequencies

Figure 5 shows the dielectric constant measured at frequencies 100 Hz, 1 kHz, 10 kHz,
100 kHz, as a function of temperature. The observations are similar to those reported in
other systems [17–19]. The peak of the curves i.e. the maximum permitivity is observed
to decrease with increasing frequency. As the frequency increases the maximum value of
permitivity decreases and the overall nature approaches the normal relaxors behavior. These
features are typical of a thermally activated Debye relaxation in these frequency regions.
The subsequent monotonous increase of dielectric constant at higher temperature is due to
the increase in conductivity [20, 21]. The apparent transition temperature remains the same
at all the frequencies. The broadness of curve possibly arises due to heterogeneity present
in the material. Increased permitivity at the higher temperature may be due to the mobile
charge carriers, which may be related to the oxygen vacancies. The oxygen vacancies related
polarization become more prominent at elevated temperature due to the increased density
of oxygen vacancies [22]. Decrease in permitivity upon increasing the frequency indicates
a large contribution due to space charge polarization in the doped samples.
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Figure 6. Dielectric loss vs Temp. of Sr0.9Pb0.1Bi2−xLaxNb2O9 (x = 0.0, 0.05, 0.15) at different
frequencies. (See Color Plate IX)

Figure 6 shows the dielectric loss measured at frequencies 100 Hz, 1 kHz, 10 kHz and
100 kHz, as a function of temperature. Dielectric loss increases with increase in frequency.
The loss is caused by space charge and domain wall relaxation. It is reasonable to assume
that the space charge is the main reason for a change in dielectric loss as the frequency
increases.

4. Dielectric Studies with La Content

Figure 7 shows the variation of Dielectric Constant and Dielectric Loss as a function of La
content. Although, there is not a monotonic variation but an overall decrease in dielectric
constant with increasing La content is observed. It is also observed that the dielectric loss
decreases continuously with increasing amount of La content.

5. A.C. Conductivity

A.C. conductivities of all the studied samples have been calculated using impedance data
according to the relation:

σa.c. = 2π f ε0εr D
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Figure 7. Dielectric constant & dielectric loss vs x-values inSr0.9Pb0.1Bi2−xLaxNb2O9. (See Color
Plate X)

where f is the frequency permittivity, ε0 is the permitivity of free space, εris the dielectric
constant and D is the dielectric loss. Figure 8 shows the variation of a.c conductivity with
La content. It is observed that a.c. conductivity decreases with increasing value of La. The
electronic configuration of Bi (83) is [Xe]544f14 5d106s26p3and that of La is [Xe]545d3.

Figure 8. A.C. conductivity vs x-values in Sr0.9Pb0.1Bi2−xLaxNb2O9.
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La3+ion has no outer electron in contrast to a Bi3+ion which has a lone pair of 6s electrons,
This causes less hybridization with 2p orbital of oxygen and should lead to wider band gap
[23]. This may be the cause for the observed decrease in a.c. conductivity.

Conclusions

It is concluded from the present work that La doping in Sr0.9Pb0.1Bi2−xLaxNb2O9 at Bi
site reduces tetragonal strain considerably. Due to the reduced tetragonal strain the Curie
temperature and dielectric loss reduces. Dielectric constant decreases with increasing fre-
quency while dielectric loss increases with increasing frequency. Also Dielectric constant
decreases in La doped samples in comparison to La free samples. A.C. conductivity is also
observed to decrease with increasing La content of the samples.
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