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Abstract
The BaTiO3–Li0.5Fe2.5O4 composite ceramics doped with Sm and Nb having chemical formulae (90)BaTi(1−2x)NbxS
mxO3+(10)Li0.5Fe2.5O4 (x = 0, 0.05 and 0.1) were prepared using solid state reaction technique. The structural, qualitative 
structural information regarding functional groups, dielectric, Nyquist plots, the variation of impedance with frequency 
(1–10 MHz) at different temperatures, the variation of dielectric properties, A.C. conductivity and impedance with frequency 
between 1 MHz and 3.2 GHz at 30 °C of composites are investigated. The X-Ray diffraction peaks indicate the formation 
of tetragonal structure of all composites with a small amount of ferrite phase. From fourier transform infrared spectroscopy 
(FTIR) measurements, the presence of function groups have been identified. The dielectric studies reveal the higher value of 
the dielectric constant of all composites at low frequency regime due to an interfacial polarization. The dielectric constant 
of BTNS0.1 is higher than BTLF, BTNS0.05 which shows dispersion at low frequency region. The dielectric loss of BTLF 
decreases in the frequency region 80MHz–1.10 GHz. The impedance (Z′) of all composites decreases with an increase in the 
frequency and temperature. The impedance studies show the complex behaviour of all the composites which indicates the 
enhancement of AC conductivity of material at higher frequencies beyond 3 GHz. The conductivity studies of composites 
show dispersion characteristics among the samples and the conductivity of composites is enhanced by incorporation of Nb, 
Sm in BTLF composites. The radii of all semi circles decrease with increase in temperature which represents conductivity 
of composites increases with increase in temperature.

1  Introduction

The composite ceramic material possessing high dielectric 
constant has technological application in modern electronic 
devices as actuators, capacitors, memory devices, sensors, 
power transmission devices, high energy storage devices [1]. 
The high dielectric constant materials in dielectric relaxa-
tion region have appreciable awareness in modern days [2]. 
The ABO3 perovskite structure ferroelectric materials have 
been studied on account of their outstanding to their physical 
properties and these materials posses huge applications in 
functional technologies like actuators, transducers, sensors, 

memories (FeRAM), capacitors, microwave devices, micro 
electromechanical systems, energy harvesting and more 
recently in optoelectronic devices [3–5]. The materials hav-
ing ABO3 perovskite structure have earned wider attraction 
because of their piezoelectric, dielectric, ferroelectric and 
pyroelectric properties [6, 7]. The ferroelectric materials 
having relaxor behavior exhibit a high frequency dispersion 
of dielectric permittivity [8]. BaTiO3 is a class of ABO3 
perovskite structure. The BaTiO3 is perovskite tetragonal 
structure is good ferroelectric material which has been used 
in variety of applications in microwave filters, resonators, 
mobile-communication technology and play key role in 
microwave devices [9, 10].

A different type of wide substitutions are possible at Ba2+ 
on A sites or Ti4+ on B sites independently or simultaneously 
in perovskite structure to alter the microstructure, dielectric 
and ferroelectric properties of BaTiO3 [11]. In BaTiO3, when 
Mg2+, Dy3+, Tb3+, Eu3+, Nd3+, Gd3+, Yb3+, Sm3+, Er3+, Ho3+, 
Sb3+, Sc3+, La3+, Nb5+, Bi3+ are substituted in place of Ba2+ 
or Ti4+, then charge imbalance takes place and vacancies are 
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created on A sites or B sites or generation of holes in order to 
maintain neutral electrical charge [12–18].

The individual high conducting grains are separated by 
either air gaps or low-conducting layers in inhomogeneous die-
lectric materials which is exhibited by ferrites. One such class 
of ferrite is lithium ferrite widely used in potential microwave 
applications such as isolators, circulators and phase shifters, 
due to high resistivity, low eddy current losses and convinc-
ingly low costs. Moreover, many research groups have been 
focussed on the lithium ferrites which have fascinated appreci-
able interest [19]. The ferrite possesses huge electrical proper-
ties which depend on various factors like method of prepara-
tion, grain size, chemical composition, sintering temperature 
and atmosphere [20, 21]. The important class of spinel ferrite 
is lithium ferrite (LF) used in high frequency devices due to 
high resistivity, mechanical hardness, square loop properties 
and Curie temperature [22]. Development of the composite 
materials for high frequency applications requires rigorous 
understanding of the materials behavior at the frequencies 
of interest. On account of the structural, dielectric, electrical, 
thermal, optical and mechanical properties of dielectric ceram-
ics, they yield wide attraction. These properties of dielectric 
ceramics make them find a room in huge applications like mili-
tary electronics, communication systems, power transmission 
and distribution system, automation, in personal computers as 
well as in microwave components like dielectric resonators, 
microwave oscillators, antennas etc. [23, 24]. These remark-
able properties are currently being used to develop frequency 
tunable devices in the GHz frequency range [25] and many of 
the research groups have been reported in the GHz frequency 
region [26–28]. The structural, morphological, magnetic 
(M-H, M-T), ferroelectric properties, the variation of dielec-
tric properties with temperature and Magneto-electric voltage 
coefficient of Sm and Nb substituted BaTiO3–Li0.5Fe2.5O4 
composites exhibited simultaneously considered as multifer-
roics have been reported previously [29].

In this paper we study the dielectric, impedance, 
Nyquist plots with frequency at different temperatures, 
dielectric, impedance A.C. conductivity of Sm, Nb doped 
BaTiO3–Li0.5Fe2.5O4 composite ceramics with high fre-
quency region (1 MHz–3.2 GHz)at 30 °C has been pre-
sent. We have prepared three samples ((90)BaTi(1−2x)Nbx
SmxO3+(10)Li0.5Fe2.5O4 (x = 0, 0.05 and 0.1)) and labelled 
(90) BaTiO3 + (10) Li0.5Fe2.5O4, (90) BaTi0.9Nb0.05Sm0.05O3 
+ (10) Li0.5Fe2.5O4 and (90) BaTi0.8Nb0.1Sm0.1O3+(10) 
Li0.5Fe2.5O4 as BTLF, BTNS0.05 and BTNS0.1 respectively.

2 � Synthesis and characterizations

The Sm and Nb substituted BaTiO3–Li0.5Fe2.5O4 composites 
have been prepared using solid state reaction route. BaCO3 
(98%) (Merck), TiO2 (99.5%), Li2CO3 (99%), Fe2O3 (98%) 

(Loba Chemie), Nb2O5(99.9%) (Titan biotech Ltd.), Sm2O3 
(99.9%) (Loba Chemie) are used for preparing the compos-
ites. All the samples are weighed at an appropriate molar 
proportion. All the precursor of each sample are mixed in 
an agate motor. After 10 h of grinding, we obtain a homo-
geneous mixing and distribution of the ingredients. Using 
furnace, all the grinded samples are calcinated at 900 °C 
temperature for 3 h. The procedure of calcination is apply-
ing using furnace which gives heating for the samples to 
obtain homogeneous churn powder. These calcinated sam-
ple powders are again grinded for few hours to become fine 
powder. The polyvinyl alcohol is dissolved in distilled water 
and is heated at 80 °C, until gel is formed which acts as a 
binder. The gel (binder) is added to the calcinated powder 
and grinded well until a fine powder is obtained. The fine 
powder is placed into die set and pressure is applied using 
a hydraulic press for 3 min to form pellets. The obtained 
pellets are sintered for 3 h at 1150 °C. The sintered pellets 
and sintered powders are used for different characterizations. 
The structural studies were carried out with the wavelength 
(λ) of the X ray source of radiation is 1.5406 in the 2θ range 
20–80° with step size 0.02° using Bruker D8 Advance X-ray 
diffractometer, The functional groups of composite samples 
are measured in the wave-number range (in the Mid-IR) 
4000-400 cm−1 at room temperature (~ 27 °C) using fourier 
transform infrared spectroscopy (FTIR), Bruker, Germany, 
Model Vertex 70. The dielectric properties were carried out 
using broadband dielectric spectrometer (Wayne Kerr Elec-
tronics Pvt. Ltd., Model: 1J43100). The dielectric proper-
ties, impedance, A.C. Conductivity over High frequencies 
from 1 MHz–3.2 GHz at 30 °C are measured using Agilent 
Technologies.

3 � Results and discussions

3.1 � X‑Ray diffraction

The X-ray diffraction pattern of BTLF, BTNS0.05 and 
BTNS0.1 recorded in the range 20–80° are shown in Fig. 1. 
The difraction peaks of composites BTLF, BTNS0.05 and 
BTNS0.1 have been indexed using JCPDS card number 
79-2263. We see from Fig. 1 that the diffraction peaks at 
30.48°, 34.25°, 40.58° and 63.31° having indices (220), 
(310), (400) and (440) respectively and indexed using 
JCPDS no. 89-7832 & 88-06711 strongly confirms the 
incorporation of LF in the BTLF composite. The diffraction 
peaks of BTLF, BTNS0.05 and BTNS0.1 composites reveal 
the tetragonal structure with the presence of a small ferrite 
phase. The ferrite peaks of BTLF composite decreases upon 
doping with Nb and Sm. The diffraction peaks of BTNS0.05 
and BTNS0.1 have shifted towards higher diffraction angle 
after doping Nb and Sm in BTLF, which again confirms 
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the incorporation Nb and Sm in BTLF. Further there is no 
change in the structural change of BTLF composite after 
doping it with Nb and Sm.

3.2 � Fourier transform infrared spectroscopy (FTIR)

The fourier transform infrared spectra of BTNS0.05, 
BTNS0.1 recorded in the wave number range 4000-
400 cm−1, but the bands are observed in the wave number 
range 1100-400 is shown in Fig. 2. The FTIR spectra of BT 
and BTLF are shown in the inset of Fig. 2. We see from 
Fig. 2, the presence of strong absorption bands at 468 cm−1 
and 853 cm−1 confirms the perovskite structure of the com-
posites. In addition to these peaks there is more peak was 
observed at 418 cm−1,668 cm−1, 720 cm−1 and 1030 cm−1. 
The bands due to bending vibrations are observed in the 
wavelength range 400–600 cm−1 and 865–950 cm−1are 

assigned to tetrahedral Ti–O sites and octahedral sites. The 
bands due to stretching vibrations are observed in the wave-
length range 610–860 cm−1. The difference in band posi-
tions are appeared caused by different lengths, strengths, and 
effective mass of the metal oxygen bonds in A and B sites 
of the cubic spinel, Ti, Sm, Nb in B sites of the tetragonal 
structure [30–32]. The presence of bands at 1030 cm− 1 in 
BTLF is assigned to the stretching vibrations of the Li-O 
and Fe-O due to LF doped in BT. The peak at 468 cm−1 is 
allocated to the bending vibrations of the Ti–O or Nb–O or 
Sm–O bond in the tetragonal site and the peak at 853 cm−1 
is allocated to control of metal oxygen stretching vibrations 
appearing from tetrahedral sites and oxygen complexes. 
Further peaks related to the presence of moisture are not 
observed in the FTIR spectrum. The peaks observed at 
418 cm−1, 668 cm−1and 720 cm−1 are due to Sm, Nb substi-
tuted in BTLF. The peak 668 cm−1are assigned to absorption 
bands related to stretching vibration of Fe-O in tetrahedral 
sites [33]. As and when the concentration of Sm, Nb are 
increased, the peak at 466 cm−1 shift towards higher fre-
quency due to difference between the bond lengths of Fe–O 
and Nb–O, Sm–O and this small shift is minute. These bend-
ing vibrations along the polar axis indicate that the BTLF 
composites are purely tetragonal due to Ti–O stretching 
vibration along the polar axis of spontaneous polarization 
in BT with tetragonal phase [34] and no effective changes 
have been observed as and when doping with LF and Sm, 
Nb in BT.

3.3 � Dielectric studies

3.3.1 � Variation of the dielectric constant and dielectric loss 
with frequency

The dielectric constant (ε′) of BTLF, BTNS0.05 and 
BTNS0.1 composite with frequency at different tempera-
tures (30 °C, 120 °C, 220 °C, 320 °C and 420 °C) are shown 
in Fig. 3. From Fig. 3 we clearly see that at 420 °C, the 
dielectric constant (ε′) of BTLF is high at low frequency 
region. The dielectric constant (ε′) of BTLF decreases with 
an increase in the frequency till 100 Hz. Beyond the fre-
quency 100 Hz, the dielectric constant (ε′) becomes con-
stant at all temperatures even after frequency is varied. At 
low frequency region, the dielectric constant (ε′) of BTLF 
decreases when the temperature is decreased. The nature of 
dielectric constant (ε′) of BTLF is same at all temperatures. 
Similar nature is also exhibited by BTLF when Sm and Nb 
are doped in it.

The value of dielectric constant of BTNS0.05 is less 
than BTLF and the dielectric constant of BTNS0.05 follow 
same trend as BTLF. We see form Fig. 3 that the dielec-
tric constant of BTNS0.05 is high in low frequency region 
at high temperature and decreases steeply with increase in 

Fig. 1   X-ray diffraction pattern of BTLF, BTNS0.05 and BTNS0.1

Fig. 2   FTIR spectra of BTNS0.05, BTNS0.1. Inset shows FTIR spec-
tra of the BT, BTLF
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frequency region at all temperatures up to frequency region 
between 35–0.16 MHz, beyond this frequency the dielectric 
constant becomes constant with increase in frequency at all 
temperatures.

The dielectric constant of BTNS0.1 is higher than BTLF, 
BTNS0.05 and the dielectric constant trend follow same as 
BTLF and BTNS0.05. The dielectric constant of BTNS0.1 
is high in low frequency region at high temperature and 
decreases steeply with increase in frequency at all temper-
atures upto frequency 10 kHz, beyond this frequency the 
dielectric constant becomes constant with increases in tem-
perature. The dielectric constant of BTLF is decreases by 
doping with Nb and Sm in BTLF and the dielectric constant 
of BTNS0.1 is higher than BTLF, BTNS0.05 which might 
be due to further increase in concentration of Nb, Sm in 
BTLF.

The dielectric constant of all composites is higher 
at low frequency regime due to interfacial polarization 
[35]. The dielectric constant of BTNS0.1 is higher than 
BTLF and BTNS0.05 which shows dispersion at lower 
frequency region can be explained by Maxwell Wagner 
interfacial polarization according to Koop’s Theory [36, 
37]. The dielectric constant reveals large values at low 
frequency regime for all composites due to reduction of 
space charge polarization caused by the heterogeneity in 
the composites [38]. At low frequency, the increase in the 
dielectric constant of all the composites with an increase 
in the temperature is due to the space charge polarization 
at the grain boundaries which creates a potential barrier. 
Because of this potential barrier, the charges are accumu-
lated at the grain boundary which leads to high dielectric 
constant [39].

Fig. 3   Variation of dielectric 
constant (ε′) and dielectric loss 
(tan δ) of BTLF, BTNS0.05 and 
BTNS0.1 composite ceramics 
with frequency
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The dielectric loss (tan δ) of BTLF, BTNS0.05 and 
BTNS0.1 composites with frequency at different tempera-
tures (30 °C, 120 °C, 220 °C, 320 °C and 420 °C) are shown 
in Fig. 3. We see from Fig. 3, that the nature of the dielectric 
loss of all composites is same as that of the dielectric con-
stant (i.e.) the dielectric loss is high at low frequency and 
steeply decreases with an increase in the frequency till a 
certain frequency, beyond this frequency the dielectric loss 
attains nearly constant with further increase in the frequency. 
In low frequency regime, the dielectric loss of composites 
increases with increase in the temperature. From Fig. 3, we 
clearly see that the dielectric loss of BTLF increases when 
Nb and Sm are doped in it. Further when the concentration 
of Nb and Sm is increased from 0.05 to 0.10 the dielectric 
loss (tan δ) decreases. The dielectric loss of BTNS0.1 is 
lower than BTLF, BTNS0.05.

The high value of the dielectric loss of composites at low 
frequency region could be ascribed to the high resistivity at 
grain boundaries which are more effective than at grains [8].

3.3.2 � Impedance (Z′) varies with frequency

The frequency dependance of Impedance (Z′) of BTLF, 
BTNS0.05 and BTNS0.1 composite ceramics at 30 °C, 
120 °C, 220 °C, 320 °C and 420 °C are shown in Fig. 4. 
We see from Fig. 4c, that at low temperature, the imped-
ance of all composites is high at low frequency region and 
decreases steeply with an increase in the frequency till a 
certain frequency and beyond this frequency, the imped-
ance reaches nearly constant value with further increase 
in the frequency at all temperatures. At low frequency, the 
impedance of all composites exhibits dispersion with vary-
ing temperature. The impedance of BTLF, BTNS0.05 and 
BTNS0.1 decreases abruptly with an increase in the fre-
quency till 50 Hz, 55 Hz and 100 kHz at low temperature. 
The decrease in the impedance (Z′) of all composites with 
increase in the frequency and temperature clearly confirms 
that the conductivity is increasing with an increase in the 
frequency and temperature [4]. This rise in conduction with 
temperature may be due to the contribution of defects similar 
to oxygen vacancies. The impedance of all composites attain 
constant at all temperatures in high frequency region and 
this attainment of constant value represents a possibility of 
liberation of space charge as a consequence of lowering in 
the height of the barrier in the composite materials. Hence 
the electrical conduction will increase with an increase in 
the temperature [4].

3.3.3 � Variation of dielectric constant (ε′) with high 
frequency

The frequency dependance of dielctric constant (ε′) of BTLF, 
BTNS0.05 and BTNS0.1 composite ceramics at 30 °C are 

shown in Fig. 5. Figure 5 clearly shows that the dielectric 
constant (ε′) of BTLF, BTNS0.05 and BTNS0.1 composite 
decreases slightly and becomes constant with increase in the 
frequency from 1 MHz to 0.18 GHz, 1 MHz to 0.26 GHz 
and 1 MHz to 0.34 GHz respectively. Beyond these fre-
quencies the dielectric constant of BTLF, BTNS0.05 and 
BTNS0.1 composite decreases rapidly with increase in the 
frequency till 1 GHz, 0.89 GHz and 0.97 GHz respectively. 

Fig. 4   Variation of impedance (Z′) of BTLF, BTNS0.05 and 
BTNS0.1 composite ceramics with frequency

Fig. 5   Dielectric constant (ε′) of BTLF, BTNS0.05 and BTNS0.1 
composite ceramics varies with frequency (1 MHz–3.2 GHz) at 30 °C
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Beyond these frequencies, the dielectric constant of BTLF, 
BTNS0.05 and BTNS0.1 composites shows complex behav-
iour. The complex behaviour in the dielectric constant of all 
samples has been already reported [39].

The dielectric constant (ε′) of BTLF decreases after dop-
ing with Nb and Sm in BTLF and further decreases with an 
increase in the concentration of Nb and Sm in BTLF in the 
frequency region 1 MHz–1 GHz. We see from Fig. 5, the 
BTLF and Nb, Sm doped BTLF composites shows disper-
sion in the frequency region 1 MHz–0.56 GHz. The dielec-
tric constant of composites attains nearly constant (dielectric 
relaxation) upto 0.34 GHz due to space charge polarization 
[40]. The dispersion occurring in the samples at higher fre-
quencies suggests the inability of electrons to adapt to the 
applied field. The reason for the electrons not adapting to 
the applied field is due to the creation of uncompensated 
charges at the grain boundaries. The increase in the die-
lectric constant of all composites over the frequency range 
1 MHz–1 GHz might be due to an increase in its grain size. 
The variation in the grain size or any other micro structural 
parameters induces relaxation effects in ferroelectric solid 
solution [41]. The rapid decrease in the dielectric constant of 
all composites lagging beyond 200 MHz shows its behaviour 
behind the frequency of the applied field at higher frequen-
cies [42].

The high value of dielectric constant at lower frequency 
region is due to the presence of majority of elements like 
Fe2+ ions, oxygen vacancies and grain boundary defects 
[43]. Beyond the 1 GHz, the peaks show complex behaviour 
in all composites. The complex behaviour of the dielectric 
constant of all composites at high frequency region can be 
explained using Debye-type relaxation. According to Debye-
type relaxation, the complex behaviour of dielectric constant 
arises when the jumping frequency of the Fe+ 2 and Fe+ 3 
ions is exactly equal to the frequency of the applied field 
[40]. This type behaviour of dielectric constant at high fre-
quency region might be used in high frequency microwave 
devices.

3.3.4 � Variation dielectric loss (tan δ) with high frequency

The variation of dielectric loss (tan δ) of BTLF, BTNS0.05 
and BTNS0.1 composite ceramics with frequency 
(1  MHz–3.2  GHz) at 30  °C are shown in Fig.  6. We 
see from Fig. 6, that the dilectric loss (tan δ) of BTLF, 
BTNS0.05 and BTNS0.1 composites attains almost con-
stant with increase in frequency from 1 MHz to 100 MHz, 
1 MHz to 0.20 GHz and 1 MHz to 1 GHz respectively. 
Beyond the frequencies 100 MHz, 0.20 GHz and 1 GHz, 
the dielectric loss (tan δ) increases steeply for BTLF, 
BTNS0.05 and BTNS0.1 composites respectively. The die-
lectric loss (tan δ) of BTLF initially decreases after sub-
stituting Nb and Sm in BTLF and again decreases with an 

increase in the concentration of Nb and Sm in BTLF in the 
frequency region 80 MHz–1.10 GHz. Beyond 1.10 GHz, 
the dielectric loss (tan δ) of all the composites exhibits 
jumping nature depicting complex behaviour.

The dielectric loss (tan δ) of all the composites attain 
constant upto 100 MHz frequency might be due to high 
resistivity at low frequency region. The high resistivity 
is due to the grain boundary effect which is pronounced 
more at low frequency region and hence more energy is 
dissipated for electron exchange between Fe2+ and Fe3+ 
ions, Sm+ 2 and Sm+ 3 ions or Nb+ 4 and Nb+ 5. The resis-
tivity is low due to grains which are more effective at 
high frequency region in which a small energy is required 
for exchange of electron between the two ferrite ions at 
the octahedral site [9]. Moreover the dielectric loss also 
depends on a number of components like stoichiometry 
ratio, structural homogeneity, number of Fe2+ ions which 
in turn is based on the composition and sintering tempera-
ture of the samples [44, 45]. Beyond the 1.10 GHz, the die-
lectric loss shows complex behaviour in all composites and 
this complex behaviour of the dielectric constant could be 
explained by Debye-type relaxation. According to Debye-
type relaxation, the complex behaviour occurs when the 
jumping frequency of the Fe+ 2 and Fe+ 3 ions, Ti+ 3 and 
Ti+ 4 ions, Sm+ 2 and Sm+ 3 ions or Nb+ 4 and Nb+ 5 ions 
is exactly equal to the frequency of the applied field, i.e. 
ωτ = 1, where τ is the relaxation time of hopping process 
and ω is the angular frequency of the field. Thus as the Sm 
and Nb in composites increase, the energy loss decreases 
at high frequencies. At higher frequencies, the dielectric 
loss of materials is low presents the potential applications 
in high frequency microwave devices [46]. The value of 
dielectric loss (tan δ) of BTLF composites was found to 
be decreased from 3 to 0.135 in higher frequency region, 

Fig. 6   Dielectric loss (tan δ) of BTLF, BTNS0.05 and BTNS0.1 com-
posite ceramics varies with frequency (1 MHz–3.2 GHz) at 30 °C
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these materials having the potential applications in high 
frequency microwave devices [47].

3.4 � Variation of A.C. conductivity with high 
frequency

The variation of conductivity of BTLF, BTNS0.05 and 
BTNS0.1 composite ceramics over the frequency region 
1 MHz–3.2 GHz at 30 °C are shown in Fig. 7. From Fig. 7 
we clearly see that the conductivity of BTLF increases with 
an increase in the frequency upto 0.1 GHz frequency and 
beyond 0.1 GHz, the conductivity decreases with further 
increase in the frequency. The conductivity of BTLF exhibits 
a broad peak between the frequency 0.1 GHz and 0.87 GHz. 
The conductivity of BTLF initially increases after doping 
with Nb and Sm and further increases with an increase in 
the concentration of Nb and Sm. The conductivity of all 
composites shows dispersion characteristics between the 
samples. The conductivity peaks seen in Fig. 7 have shifted 
towards low frequency region. The reason for the shift of 
the conductivity peaks might be due to the substitution of 
Nb and Sm in BTLF and vacancies are formed along with 
depletion of Ti+ 4 and Ti+ 3, Nb+ 5 and Nb+ 4, Sm+ 3 and Sm+ 2 
which may result in an electron conduction in order to main-
tain charge neutrality [24, 48]. The electrical conductivity 
is due to transition of electrons between ions of the same 
element present in more than one valence state. The nature 
of conductivity of BTNS0.05 is same as the conductivity 
of BTLF. The conductivity BTNS0.05 is higher than that 
of BTLF and exhibits broad peak at 0.85 GHz. The con-
ductivity of BTNS0.1 increases steeply with an increase in 
the frequency till 0.298 GHz, beyond this frequency, the 
conductivity decreases with further increase in the frequency 
till 1.7 GHz. The conductivity of BTNS0.1 exhibits a sharp 

peak at 0.298 GHz which represents the phase change. The 
conductivity of all the composites reaches constant value 
beyond 1.7 GHz. The increase in the conductivity of BTLF 
composite with the frequency may be due to hopping of elec-
trons between ions. The conductive grains become vigorous 
by inducing the hopping between ions when the frequency is 
increased. The electrons start hopping between ions at which 
frequency is consider as hopping frequency [9]. As the fre-
quency of the applied field increases, the hopping frequency 
also increases and hence the conductivity increases gradu-
ally with frequency [49]. Beyond the frequency 1.7 GHz, 
the BTLF shows relaxation species. This may be due to the 
hopping of electrons at high frequency region.

3.5 � Variation of Impedance (Z′) with high frequency

The variation of impedance (Z′) of BTLF, BTNS0.05 and 
BTNS0.1 composite ceramics over the frequency region 
1 MHz–3.2 GHz at 30 °C are shown in Fig. 8. The imped-
ance (Z′) of all composites decreases with an increase in the 
frequency till 32 MHz, beyond this frequency, the imped-
ance (Z′) of all composites become frequency independ-
ent till 1 GHz which is clearly shown in the inset of Fig. 8. 
Beyond the frequency 1 GHz, the impedance (Z′) of all 
composites shows a complex behaviour. The impedance of 
the composites depicts a complex behaviour which is due 
to an increase in the AC conductivity. The enhancement 
in the A.C. conductivity material indicates the presence of 
relaxation species and also non Debye type of relaxation 
process takes place in the composite materials [50, 51]. We 
see from Fig. 8, at low frequency region, the impedance (Z′) 
of BTLF decrease slightly after doping Nb and Sm in BTLF 

Fig. 7   Conductivity of BTLF, BTNS0.05 and BTNS0.1 composite 
ceramics varies with frequency (1 MHz–3.2 GHz) at 30 °C

Fig. 8   Variation of impedance (Z′) for BTLF, BTNS0.05 and 
BTNS0.1 composite ceramics with high frequency (1 MHz–3.2 GHz) 
at 30 °C. Inset shows impedance (Z′) with frequency region between 
1 MHz–3 GHz
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and further decrease with increase in concentration of Nb 
and Sm in BTLF. The impedance (Z′) of composites indi-
cates the presence of dispersion at lower frequency region 
which might be due to the substitution of Nb and Sm in 
BTLF. The impedance (Z′) of BTLF composites decreases 
with an increase in the frequency and the impedance of all 
the composites becomes constant in the high frequency 
region 32 MHz–1 GHz. The reason for the impedance of 
all the composites becoming independent of the frequency 
may be because of an increase in the ac conductivity due 
to release of space charge as a consequence of reduction in 
barrier height [52].

3.6 � Nyquist plots

The variation of impedance (Z′) with complex impedance 
(Z′′) spectra (Nyquist plots) of BTLF and BTNS0.05 com-
posites at different temperatures over the frequency region 
1 Hz–10 MHz are shown in Fig. 9. We see from Fig. 9 that 
the impedance spectrum exhibits good semi circles with 
their centres situated at real axis (Z′) and all the semi cir-
cles are completed at all temperatures. The radius of all 
semi-circles decreases with an increase in the tempera-
ture. The decrease in the radius of all semi-circles is due 
to the increase in the conductivity of all composites with 
increase in the temperature [53]. We see from Fig. 9, that 
the area under the semicircles of BTNS0.05 is smaller than 
BTLF due to Nb, Sm doped in BTLF. At all temperatures, 
the entire semi circles of BTLF and BTNS0.05 composites 
forming their centers at real axis (Z′) can be explained by 
Debye’s model. Debye’s model describes that the reason for 
the appearance of a semicircle having centre on the real axis 
is due to a single relaxation time of a material. The forma-
tion of impedance plots seems to be a cole–cole plot which 
suggests that the electrical response is made up of more than 
two relaxation phenomena with different relaxation frequen-
cies. The impedance of semicircles at high frequency is 
caused by the bulk property of the materials and impedance 

arc of semicircles at low frequency is ascribed to the grain 
boundary in the materials [4].

4 � Conclusions

The Sm and Nb doped BaTiO3-Li0.5Fe2.5O4 composite 
ceramics were successfully synthesized by solid state reac-
tion technique. The X-Ray diffraction peaks of BTNS0.05 
and BTNS0.1 have shifted towards higher diffraction angle 
which confirms the incorporation Nb and Sm in BTLF. The 
bending vibrations along the polar axis suggest existence of 
a pure tetragonal phase. The dielectric constant of BTNS0.1 
is higher than BTLF, BTNS0.05 which shows dispersion 
at low frequency region. The dielectric constant of com-
posites attains nearly constant (dielectric relaxation) up to 
0.34 GHz. The impedance value attainment of constants of 
all composites at all temperatures in high frequency region 
suggests the possibility of the release of space charge. The 
dielectric constant of BTLF, BTNS0.05 and BTNS0.1 
composites show jumping behaviour beyond 1 GHz. The 
decrease in the dielectric loss of BTLF at high frequency 
region is be due to the substitution of Nb and Sm in BTLF. 
The conductivity of composites has increased after incorpo-
ration of Nb and Sm in BTLF composites and the conductiv-
ity peaks have shifted towards the low frequency region. The 
impedance (Z′) of all composites decreases with an increase 
in the frequency till 32 MHz. At all temperatures, the imped-
ance spectrum of BTLF and BTNS0.05 composites exhibits 
complete semi circles with their centers situated at the real 
axis (Z′). These properties confirm the applications of the 
BTLF material in high frequency microwave devices.
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