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ABSTRACT

The electrical parameters of the polycrystalline sample of Ba (TipesSngo2Zroes) O3 in a
frequency range of 40 Hz fo 1MHz at 200-400°C were obtained by the AC complex
impedance spectroscopy technique. A single phase perovskite compound of tetragonal
symmelry with space group P4mm was confirmed by X-ray diffraction technique. This study
was carried out by means of simultaneous analysis of impedance, modulus and electrical
conductivity. Impedance spectroscopy analysis reveal a non-Debye type relaxation
phenomenon. Grain and grain boundary conduction is observed from complex impedance
spectrum by the appearance of two semicircular arcs in the Cole-Cole (Nyquist) plot at
400°C. This suggests that the grains and grain boundaries are responsible for the
conduction mechanism of the material at high temperature. The bulk resistance of the
material decreases with rising temperature similar to a semiconductor which indicates the
negative temperature coefficient of resistance (NTCR) character of the sample which
makes it for use as highly sensitive thermistor. The bulk and grain boundary resistance,
capacitance and relaxation time at 400°C are found to be 44.07, 148.41 kQ, 3.23 x 10729,
1.71x 1078 Farad, and1.42 x 1075, 2.55x 1073 respectively. AC conductivity of the
ceramics increases as a function of frequency due to relaxation phenomenon arisen due to
mobile charge carriers. The nature of frequency dependence of AC conductivity confirms
the Jonscher’s power law.

Keywords: X-ray diffraction, electrical impedance, modulus, conductivity.

1.0 Introduction

Barium titanate (BT) compounds are the best-known perovskite ferroelectric compounds.
They are extensively studied [1, 2] due to their peculiarity to accommodate different types
of dopants. The electrical and dielectric properties of BT can be modified using various type
of dopants as well as processing procedures. This opened gates for doped nanosized
barium titanate materials for specific technological applications, such as capacitors, sensors
with positive temperature coefficients of resistivity, piezo-electric transducers and
ferroelectric thin-film memories. Among the dopants Ba (Zr,Ti;.,) O; (BZT) has been chosen
in the fabrications of ceramic capacitors because Zr*" is chemically more stable than Ti*
[3]. Moreover, Zr-substitution at Ti-site has been found to be an effective way to decrease
the Curie temperature and exhibited several interesting features in the dielectric behavior of
BaTiO; ceramics. Also doped BT compositions, Ba (Ti;Sn,) O3 (BST) system has drawn
wide attention due to their manifestation of diffuse-type phase transition [4-6]. It is known
that Curie temperature of barium titanate system can be altered by the substitution of
dopants into either A- or B-site. Distortion in TiOg octahedra, due to B site doping leads to
diffused phase transition. Partial replacement of titanium by tin, zirconium, or hafnium
generally leads to a reduction in Tc and an increase in the permittivity maximum (& max)
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with dopant content [7]. In all ferroelectrics, in general, the study of electrical conductivity is
very important to realize the associated physical properties and nature of conductivity in
these materials, and it is well known that the interior defects such as A-site vacancies,
space charge electrons or oxygen vacancies have great influence on ferroelectric fatigue or
ionic conductivity of the material [8-11]. Considering that the solid defects play a decisive
role in all of these applications, it is very important to gain a fundamental understanding of
their conductive mechanism. Various kinds of defects are always suggested as being
responsible for the dielectric relaxations at high temperature range.

Complex impedance spectroscopy is a nondestructive method [12] to distinguish the grain
boundary and grain-electrode effects, which usually are the sites of a trap for oxygen
vacancies and other defects. It is also useful in establishing space charge polarization and
its relaxation mechanism, by appropriately attributing different values of resistance and
capacitance to the ggain and grain boundary effects. It appears naturally in complex plane
in the form of succession semicircles representing electrical phenomenon involved in the
polycrystalline material due to grain, grain boundaries, electrical interface effect and
correlate between the dielectric and electrical characteristics [13-15]. Therefore, the
contributions to the overall electrical property by various components in the material are
separated out easily. Impedance spectroscopy measurement studies for other materials
[16, 17] were also used to gain an insight into electrical mechanism inside those materials.

The complex electrical modulus formalism has been used in the analysis of the electrical
properties because it gives the primary response of the bulk of the sample, eliminating the
effects due to electrode/ electrical contacts. Thus, it is particularly suitable for extracting
information due to the electrodes and determining conductivity relaxation times [18]. The
combined usage of both the impedance and modulus spectroscopy is that Z" plots highlight
the phenomenon of largest resistance and M" plots pick up those of smallest capacitance
[19]. In this paper the structural, microstructural and conduction behavior of nanocrystalline
Ba (Tio0sSNno.02Zro02) Os is reported using impedance spectroscopy and electric modulus
analysis.

1.1 Theoretical Background

Impedance properties arise due to intragrain, intergrain and electrode processes. The
motion of charges could occur in a variety of ways, namely charge displacement (long-
range or short-range), dipole re-orientation, space charge formation etc. The frequency
dependent properties of a material can be described as complex permittivity (¢*), complex
impedance (Z~), complex admittance (V*), complex electric modulus (M*) and dielectric loss
~ or dissipation factor (tan 3). The real (¢,Z'Y',M) and imaginary (¢", Z', ¥", M") parts of the
complex parameters are in turn related to one another as follows:

€ =¢ +je (1)
st o Teaelip 1

b= +;; R (2)

Y*=Y +jY" = jCe'w (3)

M =M+ M = je,Z"w (4)

tand ==L =L-Z2 (5)
£ M Y Z

where w = 2nfis the angular frequency, C, is the free geometrical capacitance, and
A

je=-1

These relations offer wide scope for a graphical analysis of the various parameters under
different conditions of temperature or frequency. The useful separation of intergranular
phenomena depends ultimately on the choice of an appropriate equivalent circuit to
represent the sample properties.

2Ll
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2.0 Experimental procedures

2.1 Synthesis of Zirconium and tin co-doped Barium titanate

Ba (TioesSNo02Zl002)QOs Nanocrystalline powders were synthesized by a combination of
solid-state reaction and high energy ball milling technique (HBM).The startisng materials
were analytical grade of oxide precursors, BaCO; (2 99%, Merck, Germany), TiO; (99.9%,
Aldrich, U.S.A), ZrO; (99%, Strem, U.S.A and SnO, (99.9%, Strem, U.S.A). Stoichiometric
amounts of the oxides were weighed according to the nominal composition and ball-milled
for 12 h in alcohol .The mixture was dried in an oven and calcined in an alumina crucible at
1050°C for 4 h in air to yield Ba (Tiy.0sSNo.02Zr0.02)O: ceramic via the following reaction:
BaCQO; + (096) TIOQ it (002) Sn02 + (002) ZFOQ - Ba (Tig,gasr}c.ggzro,og) 03 +COZ

The calcined powders were ball milled in an isopropyl alcohol as wetting medium using
SPEX 8000 Mixer/Mills. They are functionally described as shaker mills or high-energy ball
mills, the Mixer/Mills shake containers back and forth approximately 1080 cycles per minute
(60 Hz model) and was performed at room temperature for 7 hours. The milling was
stopped for 15 min after every 60 minutes of milling to cool down the system. The slurry
was put in an oven and dried at 90°C for 24 hrs. The milled powder was compacted at
49033.25 N/m? to make pellets of size 10 mm in diameter and 1 mm thickness using
polyvinyl alcohol (PVA) as a binder. The pellets were sintered in a programmable furnace at
temperatures of 1190°C for 2 hr. in alumina crucibles.

Phase identification of calcined and sintered powders was identified using X-ray
diffractometer (XPERT-PRO). with monochromatic Cu Ka radiation at A = 1-54178 A at 40
kV/40 mA in the 26 range from 20 to 80" with scan step time of 18.44 s and scan step size
of 0.033° in continuous scan mode. The experimental density of the sample was calculated
using Archimedes principle. The morphological studies of the sintered sample were carried
out by using field emission scanning electron microscopy (FESEM, JEOL 7600F, U. S. A),
operated at a voltage of 15 kV and images captured at 5 kV with magnification of x100,000.
In order to measure the dielectric properties, silver paste was painted on the polishéd
sample as the electrodes and fired at 550°C for 15 min. The dielectric properties of the
ceramic were evaluated using Impedance Analyzer (Agilent 4294A, Japan) at an oscillation
amplitude of 500 mV in the frequency and temperature range of 40 Hz — 1M Hz and 30 to
400°C respectively.

The prepared sample is:

Table 1. Samples description
Sample Description
BTSZ Ba (Tige6SNo.02ZM0.02) O3

3.0 Results and discussiong

3.1 Phase analysis and microstructure

The XRD pattern (Figure 1a) shows the room temperature of Ba (Tio.eeSNp.02Zr0.02) O3
ceramic sintered at 1190°C for 2 hr. It is seen that the composition is of single phase
perovskite structure without any trace of a secondary phase containing Zr and Sn. The
presence of sharp and well defined diffraction peaks indicate that this ceramic material has
a degree of crystallinity at a long range which implies that sSn™ and Zr** have entered
the unit cell maintaining the perovskite structure in the solid solution. The enlarged
XRD patterns (Figure 1b) of the Ba (TipgsSNo.02Zro02) Os ceramics in the range of 26 from
44.75 to 45.75° clearly shows that the crystal structure is tetragonal with the splitting of the
(200) and (002) characteristic peaks at 26 of 45.25° and is in agreement with the joint
committee on powder diffraction standards (JCPDS file no. 98-000-2020). From the hk/
values and XRD data cell dimensions were calculated: a = 4.0019 A, b = 40019 A, ¢ =

212
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4.02107A and a = B = y = 80°.Thus, the analysis confirmed that this crystal belongs to the
tetragonal perovskite system. The average crystallite size ¢ of the ceramic sample was
calculated from the full width at half maximum of the (110) diffraction peaks using Scherrer
formula [21]: .

kA
- BcosB ! (6)

where k = 0.9 is the crystalline shape factor, A is the X-ray wavelength, g is the full width at
half maximum (FWHM) and 6 is the Bragg angle in radian corresponding to the peak. The
values of crystallite size obtained from XRD data and crystal cell volumes for Ba
(Tio.065N0.02Zr0.02) Oz ceramics were found to be 42.7 nm and 64.398 A® respectively.

jap & A {b)
,1 Y
5 s
8 &
g o i 3
? T Jgﬂ I e /
g g ge
K 1__ o .’. %‘3. Ei \\.Mn-mm
LT ) L L R T M0 WS 450 4SS 460 485 470

Position [2° theta) Position [2° theta)
Figure 1. XRD Patterns of Ba (Tiy 0sSns.02Zr0.02) Oz ceramic sintered at 1190°C

Figure 2 shows the typical FESEM micrographs of BT, BTSZ1, BTSZ2 and BTSZ3
ceramics sintered at 1190°C for 2 hrs. It can be seen that all the sintered ceramic samples
are dense and have varying microstructures with presence of voids. The presence of voids
in the FESEM images indicates that the pellets have certain amount of porosity. The grain
size and grain boundary are observed very clearly in the non-agglomerated region and the
average grain size determined by using intercept technique is 199.65 nm. This large grain
size of Ba (Tip.esSN0.02Zr0.02) O ceramics result as the ionic radii of Zr™ (0.72 A) and Sn™
(0.69 A) is greater than that of Ti** (0.61 A) which can induce lattice strain in the unit cell
volume and grain size which indicates that Zr can promote the growth of BTSZ based
grains in the ceramics.

Figure 2. FESEM images of Nano crystalline of Ba (Tig.gsSNg.02Z10.02)
0; samples at magnification of x 200,000 sintered at 1190°C.
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3.2. Dielectric measurements

3.2.1 Frequency dependent of dielectric constant

The variation of real (¢'), imaginary (¢") dielectric constant and tangent loss (tan &) at room
temperature for Ba (Tio.06SN0.02Zr002) Oz as a function of frequency from 40 Hz to 1 MHz
range at 30 to 150°C is shown in Figure 3(a). It can be seen that the value of dielectric
constant is higher at lower frequency and decreases with increasing frequency due to the
dielectric relaxation, which is a characteristic feature of the ferroelectric materials
irrespective of composition of the specimens [22]. In Figure 3(b) there is strong dispersion
of £" at low frequency which deceases with increasing frequency and temperature. Beyond
10* Hz, ¢" starts to increases with increasing frequency and temperature with the
appearance of peaks at >10°. The peaks shift towards "higher frequency with increase of
temperature, this is evidence of the presence of relaxation in the system. The dielectric
constant response of a system is due to electronic, ionic, dipole and space charge
polarizations, among others. Again at low frequencies, all types of polarization contributes
and as the frequency is increased, polarizations with large relaxation times cease to
respond and hence the decrease in ¢ [23]. At lower frequencies, ¢ is maximum because
the contributions from the space charge polarization are large, which reduces slowly with
the increase in frequency. The space charge polarization arises by the accumulation of
charges at the grain boundaries and at the electrode interface. At higher frequencies,
contributions from the polarizations having high relaxation time cease resulting in the
decrease in €' [24].

It's known that the tangent loss in ferroelectrics is due to a combination of space charge
polarization and domain wall relaxation [25]. In Figure 3(c), the increase of tan & beyond
10* and 10° Hz at all the temperature is due to extrinsic loss phenomena which indicate
diffuse nature of phase transition [26].

i
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Figure 3. Variation of frequency dependence of (a) real (b) imaginary dielectric constant (c)
tangent loss of Ba (Tip e6Sng022r0.02) O3 ceramic sintered at 1190°C.

3.2.2 Temperature dependence of dielectric constant and tangent loss

The variation of dielectric constant and tangent loss as a function of temperature of Ba
(Tio.eeSNg 02Zrp.02) O ceramic measured from room temperature to 150°C at the different
frequencies is shown in Figure 4. It is clear that the dielectric constant of Ba
(TiogsSNo.02Zro02) Os ceramic is at room temperature which decreases with increasing
temperature and is less than the one obtain in CuO-modified Ba (Tio.e6SNg.02Zr0.02) Os
ceramics synthesized using solid state method [27]. The sample does not manifest any
sign of a phase transition implying that its Tc may be below room temperature. The shifting
of transition temperature (Tc) to a lower value can be explained by the larger radius of Zr*
(0.72 A) and Sn™ (0.69 A). Compared to Ti™ (0.60 A) and the fact that Sn** occupies sites
formerly occupied by Ti*". Also, the non-ferroelectric barium stannate dilutes - the
ferroelectricity of barium titanate and thus makes the spontaneous polarization less stable.
The result is that the phase transition temperature of Ba (Tio.9sSNg.02Zro02) Oz ceramics
shifts progressively towards a lower temperature. Uchino et al. (1984) suggested that with
decreasing grain size, Tc was shifted downward through room temperature, eventually
tending toward OK at some critical particle size [28]. The decrease of dielectric constant of
samples sintered by HBM should be attributed to two factors, grain size in nanometer
range and distortion of crystal lattice caused by HBM. As the grain boundaries increases
the grain size decrease and the grain boundary exhibited low-permittivity, which means
the polarization of grain boundary may be little or even none. That causes the dielectric
constant to decrease as the grain size decreases. The dielectric loss of Ba (Tio.06SN0 02210 .02)
Os, BTSZ2 and BTSZ3 ceramics is shown in Figure 4. The dielectric loss of Ba
(Tio.06SN0.022rq 02) O3 samples is higher at room temperature which decreases with increase
of temperature and beyond 70°C it becomes almost independent of doping concentration
and temperature. The loss tangent of Ba (TipesSng.02Zr002) Os ceramics decreases with
increasing Zr content because of the fact that, the chemical stability of Zr4+ is preferable to
that of Ti [29].
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Figure 4. Temperature dependence of (a) dielectric constant (b) dielectric loss of
nanocrystalline Ba (Tio.ssSNo.02Zr0.02) O3 ceramics measured at different frequencies.

3.3 Complex impedance spectroscopy analysis

Figure 5 shows the variation of the real (Z) and imaginary (Z") parts of impedance with
frequency at 200 to 400°C. It is observed that the magnitude of Zdecreases with the
increase in frequency for different measured temperatures. This indicates an increase in the
ac conductivity with the increase in frequency. Similar behavior was found in the variation of
Z" with frequency (Figure 5(b)).The coincidence of Z' and Z" values at higher frequencies at
all temperatures indicates a possible release of space charge [30] and a consequent
lowering of the barrier properties in the material [31]. Further, at low frequencies the Z°
values decrease with the rise in temperature, i.e. show negative temperature coefficient of
resistance (NTCR) behavior similar to semiconductors [32].

000"
)
1 au e’
®

-

34541

15000’

e P % w W P
Frequenoy () Froguascrién!

Figure 5. Frequency dependences of (a) real (Z') (b) imaginary (z") part of impedance of
nanocrystalline Ba (Tio.esSNo.02Zr0 02) O3 samples at 30 to 150°C.
The inset shows the corresponding dielectric loss plots at 200 to 400°C.

Figure 6(a)—(e) shows the complex impedance plots (Z*) or Cole—Cole plots, i.e. plotting
imaginary part Z'against the real part 7' of complex impedance Z*=Z +jZ'of Ba
(Tio.06SN0 02Zr0.02) O ceramics, performed at 200, 250, 300, 350 and 400°C over a wide
frequency range (40 Hz—1 MHz). The observed data was modeled on an equivalent circuit
having series combination of two parallel resistor—capacitor elements (shown in the inset of
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Figure 6(e)) [33, 34]. The real

= =

equivalent circuit are defined as
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semiconducting behavior of Ba (Tio,%Sno,OZng_DZ) O3 ceramic.
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Figure 6. The plot of Z'versus Z" (Nyquist or Cole-Cole plots) for nanocrystalline
Ba (Tio.sSN0.022M0.02) Oz (a) 200°C (b) 250°C (c) 300°C (d) 350°C (e) 400°C taken over a wide
frequency range of 40 Hz to 1MHz.

Furthermore, the results showed a higher value of Ry, (grain boundary resistance) as
compared to R, (grain resistance) due to a lower concentration of oxygen vacancies and
trapped electrons in grain boundaries. This can be explained as the creation of oxygen
vacancies and other charge carriers (e.g., electrons and holes) are related to process
parameters at various stages like calcination and sintering during the synthesis of the
material at high temperatures. These defects greatly influence the conduction and dielectric
relaxation behavior. During sintering at high temperature, oxygen loss increases leading to
the formation of oxygen vacancies as 207 — 0,(g) + 2V + 4e”. However, when the
temperature is slowly cooled to room temperature in air, a re-oxidation process occurs as
2V6 4+ 0F + 4e~ = 0,(g).The occurrence of this re-oxidation process at the grain
boundaries leads to the formation of an insulating grain boundary and highly conductive
oxygen deficient grains [37].

The semicircles in the impedance spectrum have a characteristic peak occurring at a
unique relaxation frequency (w, = 2mf ). It can be expressed as: w, RC = @, T =1, with the
resonance frequency as;

fr= = 9)
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where T is relaxation time. The respective capacitances (C; and Cg;) due to the grain and
grain boundary effects can be calculated using this relation. The values of Ry, Rgp, Cp and
Cqp Obtained from Cole-Cole plots at different temperatures are listed in Table 2. The
relaxation time due to both the bulk and grain boundary effect (r; andt,,) has been

calculated using Eq. (7).

Table 2:
Sample | Temp | R, (Q) | Ry (Q) | Cy(Farad) | Cgp(Farad) 1,(107°) | 14
°C (10%)
BTSZ | 400 44077. | 148405.04 | 3.23E-10 [ 1.71E-08 | 1.42 2.55
3

Figure 7 shows the normalized 7 ‘behavior with frequency. Two distinct peaks at low and
high frequencies were observed. The lower frequency peak is due to the relaxation of the
space charges associated with the oxygen vacancies at the grain boundary layers, whereas
the higher frequency peak is attributed to oxygen vacancies relaxation inside the grains. At
lower frequency, a pronounced relaxation process can be seen due to bounding of the
space charges by the grain boundary. However, with increasing frequency, the space
charge polarization is reduced as it becomes easier for them to relax and recombine with
the vacancies in grain interiors. In addition, a broadening of the peak due to spread of
relaxation times in the ceramic was also evident. These relaxation processes are due to the
presence of immobile species at low temperature and associated defects (oxygen

vacancies) in the ceramic at higher temperature.
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Figure 7. Normalized Z with frequency showing two distinct peaks at temperatures of 400°C.

3.4 Complex dielectric modulus analysis

In polycrystalline materials, the modulus of the impedance emphasizes the grain boundary
conduction process, while bulk effects on frequency domain dominate in the electric
modulus formalism. Modulus spectroscopy plots are particularly useful for separating
spectral components of materials having similar resistances but different capacitances. The
other advantage of the electric modulus formalism is that the elactrode effect is suppressed.
Modulus analysis is an alternative approach to explore electrical properties of the material
and magnify any other effects present in the sample as a resuit of different relaxation time
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constants. The values of real (M) and imaginary (M") components of the modulus are
obtained from the following expressions:
M=wCz (10)
M =wC,Z" (11)
where C, is the geometrical capacitance of the empty cell.

The complex modulus spectrum (M’ versus M) is shown in Figure 8. It indicates the
electrical phenomenon with the smallest capacitance occurring in a dielectric system [38].
The appearance of a single arc in the spectrum confirms the single phase characteristic of
the ceramics. Moreover, the asymmetric semicircular arc confirms the presence of electrical
relaxation phenomena in the material [39]. It is clear that the modulus plane shows five
semicircles for temperatures, the intercept of the semicircles with the real axis indicates the
total capacitance contributed by the grain. The modulus Spectrum shows a marked change
in its shape upon increasing temperature, suggesting a change in the value of capacitance
of the material with temperature.

0035~
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Figure 8. The complex modulus spectrum (M versus M") for Ba (Tio.s6SN0.022Zr0 )
O, at different measuring temperatures. Inset shows exploded plots at 200 to 400°C.

Figure 9 shows the variation of real (M') and imaginary (M") parts of the electrical modulus
in the frequency range of 40 Hz-1 MHz at 200 to 400°C. It is characterized by a very low
value (almost zero) of M' in the low-frequency region followed a continuous increase with
increasing frequency, having a tendency to saturate at a maximum asymptotic value in the
high-frequency region at all the measuring temperatures. This can be attributed to the
presence of conduction phenomena due to short-range mobility of charge carriers [40].
Figure S(b) exhibits that the maxima of the imaginary component of modulus (M 'max) shifts
towards higher relaxation frequency with rising temperature. This behavior suggests that
the dielectric relaxation is thermally activated in which hopping mechanism of charge
carriers dominates intrinsically [41]. The asymmetric broadening of the peak indicates the
spread of relaxation with different time constant, and hence the relaxation in the material is
of non-Debye type.

The scaling behavior of the sample was studied by plotting normalized parameters (i.e.,
MIM 'max vs, log (f /fmax), fmax is the frequency corresponding to max M") at various
temperatures. The coincidence of all the curves/peaks of different temperatures into a
single curve/peak indicates temperature independent dynamic processes occurring in the
material [42]. The region where the peak occurs is an indication mobility with the increase in
frequency [40] .This curve provides us with information about dielectric processes occurring
in the material and the magnitude of mismatch between the peaks.
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3.5 A.C. conductivity analysis
The temperature—frequency dependence of electrical conductivity can be represented by an

equation proposed by Jonscher [43]:

Ouc = Ogc + Aw™ (12)
where gy, conductivity is due to the excitation of electrons from a localized state to the
conduction band, and Aw" is the ac conductivity which consists of all dispersion
phenomena. A is the frequency independent constant and n an exponent, 0 < n < 1: both of
these terms are temperature dependent. Figure 11 shows frequency dependence AC plots
of Ba (Ti.06SN0.00Zr0.02) O3 ceramic for various temperatures. AC conductivity of the samples
were calculated from the impedance data, using the formula

Oac = = (13)

At low frequency AC conductivity remained constant at lower frequencies and increased
rapidly at higher frequencies and increased with increasing temperature at all frequencies
as already reported [44], which is generally known as hopping frequency and which may be
attributed to the increase in the number of charge carriers and their drifted mobility which

are thermally activated [45].
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4.0 Conclusion

Nanocrystalline Ba (TipeeSno.2Zroez) Os ceramic, synthesized by mechanochemical
method, was found to have single phase perovskite tetragonal structure at room
temperature. The FESEM images of powders show that the grains are irregular in shape
and the average grain size is found to be 199.65 nm with large specific area and slightly
agglomerated. The temperature and frequency dependence of the dielectric permittivity,
impedance and electric modulus in Ba (TioseSNo.02Zre02) Os have been performed. The
temperature dependent dielectric study reveals that the phase transition has shifted
towards lower temperature values with increasing Sn substitution. Complex impedance
Cole—Cole plots of impedance in Ba (Tio.ssSNo.02Zr0.02) O3 ceramic suggests the relaxation to
be non-Debye-type. Cole—Cole plots show both grain and grain boundary contributions to
impedance at 400°C. The compositions exhibited an NTCR behavior for the fabrication of
highly sensitive thermistor. Frequency dependence of ac conductivity analysis shows that
ac resistance follows the universal power law, as suggested by Jonscher. The conduction
mechanism of the material may be due to the hopping of charge carriers. Thus, the
prepared lead-free Ba (TigeeSN0.02ZM0.02) O, ceramics will use for MLCC and thermistors
application.
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