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Abstract : This study reports the frequency effect nisms, polarization due to the carrier displacement in
on the dielectric properties and electrical conductivity
of Sr1"x(Na0.5Bi0.5)xBi2Nb2O9 (x = 0.0, 0.2, 0.5, 0.8 and
1.0) ceramics, at various temperatures. A strong low
frequency dielectric dispersion was observed in these
ceramics. The dielectric constant, the tangent loss and
the ac electrical conductivity measured as function of
frequency have been found to fit to the Jonscher’s dielectric dispersion relations.
Electrical measurements were influenced by two mecha-

the low frequency region and the contribution from the
lattice at high frequencies. The ac conductivity behavior is due to the hopping of oxygen vacancies. Detailed
analysis of impedance spectrum suggested that the electrical properties are strongly frequency dependent.

INTRODUCTION

ied for many years[3-7].
Impedance spectroscopy has been extensively employed in electroceramics, due to its capabilities to
resolve grain boundary from bulk electrical properties, to calculate materials constants (conductivity and
dielectric constant), and to probe the electrical homogeneity[8].
As the frequency of the signals being propagated
through such materials increases, the frequency dependent material properties become very important. The
dielectric constant and tangent loss vary as a function
of frequency. They need to be accurately extracted in a

Ferroelectric ceramics are the heart and soul of
several multibillion dollar industries, ranging from highdielectric constant capacitors to later developments in
piezoelectric transducers, positive temperature coefficient devices and electro-optic light valves[1]. The bismuth layered ferroelectric materials have many applications in a variety of devices that include piezoelectric,
pyroelectric, microelectromechanical and non-volatile
random access memory (NVRAM) [2]. Among
SrNb2Bi2O9 and its solid solutions were intensively stud-
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broad frequency range for successful design of high performance systems.
Relatively, few studies reported the frequency dependant electrical for SBN and its solid solutions. A
previous work by Harira et al. for SrBi2Nb2O9 ceramics have shown that a low frequency dielectric dispersion is encountered in these ceramics and the conductivity is essentially due to oxygen vacancies. The detailed frequency dependence of dielectric properties is
still lacking.
In this paper, we present the dielectric measurements carried out on Sr1-x(Na0.5Bi0.5)xBi2Nb2O9 ceramics, as a function of frequency at various temperatures.
An attempt has been made to rationalize the dielectric
behavior in terms of Jonsher’s model[9].
EXPERIMENTAL SECTION
Dielectric measurements were achieved using a HP
4192A impedance gain phase analyzer operating in the
frequency range 10 Hz-13 MHz. The capacitance and
conductance measurements have been evaluated to
obtain the dependence of permittivity (å’) and (å’’), tangent loss (tanä) and ac electrical conductivity (óac). The
complex permittivity can be written as[10]:
å*=å’-i å’’

(1)

Where å’ and å’’ are the real and imaginary parts of
complex permittivity, and i is the imaginary root of -1.
The real part of the complex permittivity, the dielectric constant (å’), at the various frequencies is calculated using the measured capacitance values at the
strong accumulation region from the relation[11]:
å’= C/C0= Cdi/ å0A

(2)

Where C is the measured capacitance, C0 is the capacitance of an empty capacitor, A is the rectiûer contact area of the structure in cm-2, di is the interfacial
insulator layer thickness and å0 is the permittivity of free
space charge (å0= 8.85 × 10-14 F/cm). In the strong
accumulation region, the maximal capacitance of the
structure corresponds to the insulator capacitance
(Cac = Ci= å’ å0A/di)

(3)

The imaginary part of the complex permittivity, the dielectric loss (å’’), at the various frequencies is calculated using the measured conductance values from the
relation:

å ‘’ = G/ùCi = Gdi / å0ùA

(4)

Where G is the conductance of the device and ù is the
angular frequency.
The tangent loss (tanä) can be expressed as follows[11]:
tan ä= å ‘’/ å ‘

(5)

The ac electrical conductivity (óac) of the dielectric material can be given by the following equation[11]:
óac = ùC tan ä (di/A)= å ‘’ù å0

(6)

RESULTS AND DISCUSSION
The frequency dependence of å’ and tanä for Sr1(Na0.5Bi0.5)xBi2Nb2O9 samples in 100 Hz- 100 kHz
x
frequency range on a log–log scale and at various temperatures are shown in Figure 1 and Figure 2. It’s distinctly observed that the dielectric constant and the tangent loss decrease with the increase in frequency. The
decrease in the dielectric constant (å’) can be explained
on the basis of decrease in polarization with the increase
in frequency. It’s well known that, polarization of a dielectric material is the sum of the contributions of dipolar, electronic, ionic and interfacial polarizations. At low
frequencies, all the polarizations respond easily to the
time varying electric field but as the frequency of the
electric field increases different polarization contributions filters out, as a result, the net polarization of the
material decreases which leads to the decrease in the
value of å’. Further, the decrease of tanä with the increase in frequency can be explained by Debye formula[12]. According to this formula, at lower frequencies tanä is inversely proportional to frequency which
explains the decrease in tanä with frequency. In addition, at high frequencies the values of å’ become closer
to the values of å’’ due to the interface states cannot
follow the ac signal at enough high frequency[13].
It’s observed that the dielectric constant (å’) and the
tangent loss (tanä) show dispersion especially at low frequencies and at temperatures below the ferroelectricparaelectric transition region (Transition temperatures for
all solid solutions were stated in our previous work[14]).
Such strong dispersion in the dielectric measurements,
appear to be a common feature in ferroelectrics associated with non -negligible ionic conductivity and is referred to as the low frequency dielectric dispersion
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(LFDD)[15]. The low frequency slope of the curve is close
to -1 for all solid solutions indicating the predominance
of the dc conduction in this region[16]. Therefore, the dielectric dispersion with frequency is significant at higher
temperatures and low frequencies. However, the lack of

strong dispersion in the dielectric constant at high frequencies suggests that this phenomenon is coupled with
space charge effects[17]. The dispersion in the tangent
loss is stronger than in the real part permittivity å’ implying that it is influenced by dc conductivity[16].

Figure 1 : Dielectric constant of Sr1-x (Na0.5Bi0.5) x Bi2Nb2O9 (x=0.0; 0.2; 0.5; 0.8; 1.0)
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Figure 2 : Tangent loss of Sr1-x (Na0.5Bi0.5) x Bi2Nb2O9 (x=0.0; 0.2; 0.5; 0.8; 1.0) as function of frequency.

To better understand these phenomena, The complex dielectric constant as a function of the frequency ù
in accordance with the Jonscher’s power law is given
by the following expression[9,18]:
å*= å’- å’’= å+ (ó/ å0ù) + [(a(T)/å0) (i ùn(T)-1)]

(7)

Where å is the ‘high frequency’ value of the dielectric
constant, n(T) is the temperature-dependent exponent
and a(T) determines the strength of the polarizability
arising from the universal mechanism in question.
The real and imaginary parts of the complex di-
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pared to Sr2+[21].

The tangent loss of doped samples was found also
å’= å + [sin(n (T) ) (a(T)/å0)(i ùn(T)-1)]
(8)
2
to be smaller than that of SBN except at low frequen
n(T)-1
cies (Figure 2). It’s known that the tangent loss in ferå’’= ó/å0ù+[cos(n(T) ) (a(T)/å0)(i ù
)]
(9)
2
charge poWhere the first term in Eq. (8) determines the lattice roelectrics is due to a combination of space
[22]
domain wall relaxation . It’s possible
response and that in the Eq. (9) corresponds to the dc larization and
+
3+
that
the
(Na
Bi
) doping may change the mobility of
conduction part, while the second term in both the equations reflects the charge carrier contribution to the di- domain walls. This behavior was widely observed in
electric constant. The temperature and frequency de- isotropic perovskite ferroelectrics, such[3]as CaxSr1pendencies of the dielectric constant å’ could be ex- xBi2Nb2O9 and LaxSr1-xBi2Nb2O9 systems .
While dealing with a ferroelectric material associplained by Eq. (4). The charge carrier term [sin(n(T)
ated
with charge carriers, it is preferable to obtain the

) (a(T)/å0)(i ùn(T)-1)] dominates at low frequency and data in terms of the ac complex impedance or conduc2
å is negligible. Therefore, for a constant n, Eq. (8) yields tivity instead of the dielectric loss to understand their
a straight line with a slope equal to n-1 in the double inûuence on the ferroelectric properties. Figure 3 shows
logarithmic plot of å’ and frequency. At high frequen- the frequency dependence of ac conductivity (óac) at
cies the charge carriers fail to respond to the external various temperatures. It indicates the existence of low
field, therefore the measured dielectric constant is due frequency independent plateau-like region [ódc] and
to the contribution from the lattice polarization. The subsequently the conductivity increases with increase
space charge is known to saturate up to 1 KHz[19]. This in frequency, varying approximately as a power of freaccounts for a linear decrease in the low frequency re- quency (ùn) at all the temperatures. This behavior was
gion and a frequency-independent plateau region at high attributed to non-relaxor behavior of the material[16].
frequencies.
For all solid solutions, the conductivity spectra obey
As [A(T) (a(T)] increases with increase in tempera- the same law. In fact, the frequency dependence of
ture[20], the charge carrier term becomes more and more conductivity or so-called universal dynamic response
prominent at high temperatures, thereby resulting in the (UDR) of ionic conductivity is related by a simple exlow frequency dielectric dispersion. An anomalously pression given by Jonsche’s power law[23]:
strong dispersion of å’ near Curie temperature (TC) sug- ó (ù)= ó +A ùn
(10)
dc
gests the coupling between the charge carriers and the ac
Where óac is the ac conductivity, ódc is the limiting zero
lattice[18].
frequency conductivity, A is a pre-exponential constant,
Careful analysis of Figures 1 and 2 indicates the
ù = 2ïf is the angular frequency and n is the power law
existence of two slopes corresponding to -1 in the low
frequency region, indicating the predominance of the exponent, where 0 < n < 1.
In fact, this typical response is that at low frequendc conductivity in this frequency region, and - (1-n) in
cies
the bulk ac conductivity is frequency independent
the high frequency region. In fact, as the dc conductivity term increases with increase in temperature, the sec- ó(w), but at higher frequencies the ac conductivity inond term in Eq. (9) is totally over shadowed by the first creases,n following power law behaviour such that
term. So at low frequencies and high temperatures, the ó(ù)áù . This power law is a universal property of
dc conductivity term dominates and yields a slope of - materials and is related to the dynamic of hopping con[24]
1, which indeed is consistent with the data shown in duction .
According to Funke[25] the value of n might have a
Figures 1 and 2.
Besides, it’s shown from Figures 1 and 2 that the physical meaning; if n<1, charge carriers takes a transsubstitution of (Na0.5Bi0.5) resulted in reduced dielectric lational motion with a sudden hopping, when n>1, would
constant å’ throughout the frequency range. This re- mean a localized hopping of the species (small hopping
[26]
duction could be attributed to the electronic polariza- without leaving the neighborhood) . This indicates that
tion due to the smaller ionic radii of (Na+ Bi3+) com- the conduction process is a thermally activated pheelectric constant are given by the following relations:
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nomenon. According to Jonscher, the origin of the frequency dependent conductivity lies in the relaxation phenomenon arising due to mobile charge carriers. The low
frequency dispersion thus is associated with ac con-

ductivity, whereas almost frequency independent (especially at higher temperatures). Conductivity at high
frequencies corresponds to the dc conductivity of the
material. The temperature at which the grain resistance

Figure 3 : Double logarithmic plots of the ac conductivity versus frequency at various temperatures for Sr1-x (Na0.5Bi0.5) x
Bi2Nb2O9 (x=0.0; 0.2; 0.5; 0.8; 1.0).
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dominates over grain boundary is marked by change
in slope of conductivity with frequency. The frequency
at which the slope changes is known as hopping frequency which corresponds to polaron hopping of
charges species. The oxygen vacancies may act as
polaron[27]. As the temperature increases, the hopping
frequency shifts towards lower side. It is observed
from Figure 3 that the curves for all solid solutions
show two threshold frequencies, f1 and f2, separating
the entire variation into three regions: Low frequencies region, f < f1, in which the conductivity is almost
frequency-independent (ódc). Moderate frequencies
region, f1 < f < f2; the conductivity increases linearly
with the frequency. This reveals that the conduction
mechanism in this region corresponds to the translational hopping motion[28]. High frequencies region, f >
f2, as well the conductivity increases linearly with the
frequency. It reveals that the conduction mechanism
in this range of frequency corresponds to the welllocalized hopping and/or reorientational motion[29]. In
fact, the hopping takes place by charge carriers through
trap sites separated by energy barriers of various
heights. The number of charge carriers, which have
high relaxation time due to higher energy barrier, responds in the low-frequency regime might be less in
number, and hence, the conductivity is low at low frequencies (ac) conductivity is almost independent of
the frequency below 1 kHz. On the other hand, the
number of charge carriers with low barrier heights is
more and they respond easily with the high frequency
and show higher conductivity at high frequencies.
It’s also noticed from figure 3 that the variation of
the ac conductivity with different concentration of the
(Na0.5Bi0.5) dopant indicates that the nature of the electrical transport (conduction) is governed by both the
doping material and the concentration because the different ions doped at the A-site plays an important role
in conduction mechanism. The increment or decrement
in the conductivity values may possibly be related to
the structural disordering and imperfection/defects,
which arises due to the substitution[30].
CONCLUSION
Frequency dependence of dielectric parameters
and electrical conductivity for Sr1-x(Na0.5Bi0.5)xBi2Nb2O9

(x = 0.0, 0.2, 0.5, 0.8 and 1.0) ceramics has been
studied.
A dielectric dispersion in all samples was found,
and is due to distribution of interface states as well as
ionized space charge carriers such as oxygen vacancy
related defects. Electrical conductivity as function of
frequency behavior indicates the existence of low frequency independent plateau-like region and it increases
at high frequency region. The frequency dependence of
electrical properties, called universal dynamic response
is related by Jonscher’s power law.
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