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Abstract:

In this article, the structural, micro-structuralnd temperature-frequency dependence of
electrical characteristics of double perovskite SB&eMoQ have been reported. The
compound crystalizes in cubic symmetry with lattiparameter a=7.9280 (2) A, and
V=245.95 (A¥. The micro-structural study suggests the unifoistritbution of grains on its
surface with small voids. The obtained high digiectonstant and low tangent loss value
may be applicable for capacitor. In the impedantalysis we observed the behaviour of
negative as well as positive temperature co-efficad resistance. The study of the Nyquist
plot suggests the existence of only grain effecsdsi on both impedance and modulus
spectroscopy, dielectric relaxation process is doianbe of a non-Debye type. The frequency
dependence of conductivity obeys the Jonscher'seP¢éaw which suggests the conduction
phenomenon follows the non-overlaping small polatonnelling and correlated barrier
hopping models. The calculated activation energgheconduction process may be used in
electron hoping. The comparative study ¢fahd M’ with frequency suggests the existence
of short range ordering of charge carriers. Thekdga current study reveals that the

conduction mechanism follows the space chargeduntbnduction phenomenon.
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1. Introduction:

Now-a-days, there has been growing demand for segrof room temperature magneto-
electric multiferroic materials for both fundamdngaientific understanding and to develop
the novel multifunctional deviceMultiferroics are the materials in which at leagbtof the
three ferroic properties, namely ferroelectricitgrromagnetism and ferroelasticity, coexist.
Due to the coupling between ferroelectric and magrdomains, the multiferroic materials
offer a novel class of applications in multistagéormation storage devices, like FERAM,
MRAM etc.[1-2]. Spintronics is a field of investigan for developing the influence of
electron spin on the electrical conduction. Spmto materials possess the unique
possibilities for use in new functional microelectic devices, ideal memory media for
computing and in the direction of quantum computing to its advancement in nonvolatility
and magnetic random access memory (MRAM). Thisrteldgy could also be used to create
electronic devices, which should be smaller, fastef consume less power. Hence, the half-
metallic elements with high spin polarization camh@&nce device performance, and are
necessary for a new generation of spintronic deviGldere is more attention for the
discovery of new perovskite materials having highh@lf-metals. The perovskites (ABXr
multiple perovskites belong to a large class ofdeximaterials have wide industrial
applications. The family of double perovskitestfirsceived attention in the 1960s [3]. The
double perovskite (DP) materials with a generalntbal formula (AA)(BB)Q are the
combinations of two perovskites: AB@nd A'B'Q. In (AA)(BB")Og, A and A’ correspond
to alkaline or rare earth cations, whereas B amat®transition metal cations. If A and A" are
the similar elements, then the compound has thauiar A(BB")Os. Such type of materials

exhibit wide characteristics, such as semicondggctaonducting, half-metallic, insulating,



ferroelectric, thermoelectric, and superconductiép]. They display interesting magnetic
and electronic characteristics with half metalliedalow field magneto-resistance. The
electric and magnetic properties of the materiedsiaterconnected because of the same (d)
character of the “conduction” and “magnetic” eleas. The exchange interaction may
happen between ions of the same element along mith of different elements. The
interaction among charge, spin, and lattice resirtsvarious electronic and magnetic
characteristics, like metallic ferro- or ferri-magism or anti-ferromagnetic or paramagnetic
insulating property. This also brings about the nmg-resistive properties of the
compounds. The electronic and magnetic propentidhe double perovskite system can be
controlled by substitution of alkaline earth metf@sy. Ba, Sr, Ca) or lanthanides (e.g. La, Pr,
Nd) at the A-site, as well as by the substitutibtransition metals (e.g. Fe, Cr, Mn, Mo, Rh,
Ru, W, Re). The discovery of low-field magneto-s¢mnce (LFMR) and half-metallic
property of the SFeMoQ; (SFMO) compound were investigated by Kobayaslail €f6]. A
fully spin polarized half metal, SFMO exhibits aghi Curie temperature (>400 K) and
excellent magneto-resistance response at relatigeiall applied fields, and at high
temperatures compared to manganites, making ideal icandidate for room temperature
spintronic applicationsThe magneto-resistive (MR) properties in doubleopskite SFMO
generally arise from spin-dependent scattering hat ¢rain boundaries. In the double
perovskite crystal structure, the oxygen and thigelaransition metal cations are closely
packed, whereas B and Bre arranged inside the oxygen octahedra. Theignosif the B
and B octahedral is alternating for B and @ements with a large difference of ionic radii. |
the case of a small difference in B andi@hic radii, a random arrangement of B and B
occurs. The arrangement of the B arid&ahedral influences the B-@5 B—-O-B, or B—
O- B’ exchange interactions, and therefore, it is venpdrtant for understanding the

structural, magnetic, and electronic propertieswth type of compounds. The low field



magneto-resistance of such type of compounds isemed to the half-metallic nature of
their ground state. The half-metallic nature anel tigh degree of spin polarization of the
charge carriers are also very important for thaneal applications of the DP [7-9]. Because
of above discussed factors, double perovskite e¢spiay a variety of crystal structures for
different alkaline and transition metal ions [10:1The room temperature structure can be
cubic for SgFeMoG; [12], BaFeMoG; [13]; tetragonal with 14/mmm symmetry, as observed
in the case of SFeMoG; [14]; and monoclinic with P2n or P3/c: CaFeMo(Q; [13]. The
differences between the structures of the same conth e.g. SFeMoQ;, can be associated
with difference in the chemical composition of Ddbficated under different conditions. As a
result, there are some differences in the oxygeiclabmetry along with B, Bions ordering,
and structural defects produced. It is worth notthgt when A = Ba and SrBa, the
compounds crystallize in the cubic structure [Mdfst of the double perovskites have been
discussed which show good conducting at a high ¢eatpres with electro-catalytic nature.
SrFeTiGs is one of the multiferroic double perovskite compds which are appropriate for
sensors and actuators purpose [16]. SFMQFEM0Q;) is a typical double-perovskite
(ordered) structure, having an alternating regaltaangement of FeQand MoQ in a rock
salt super-lattice, where Sr cations make the vbe&tsveen the octahedral. The radius and
charge differences amongfend MJ* are 0.035 and 2 respectively; making fractions of
Fe’* and MJ* reside at the B and B' sites arbitrarily. Theralso a fraction of Fe atoms
acquiring the B' site, and an equivalent of Mo aarocupies at the B site which is called the
antisite (AS) defect. SFMO has a high Curie temijpeea(410-450 K) and low-field room-
temperature magneto-resistance. This material neagpplicable for magnetic sensors and
spintronics owing to its large spin-polarizatiory{19]. The properties of double perovskite
materials mostly depend on the B-site cations gearent, which modifies the structural

phase transition, electrical and magnetic charsties. The ordering arrangement can be



controlled by various factors, like the A/B sizeisaand oxidation states in the double
perovskite materials. For example, dominating aottersstics of anti-ferromagnetism of
SrLnMoOg and ferri-magnetism of CaLaMnMghas been reported. It is noted that two
dissimilar cations at the B-site of double perotesknay permit the two different types of
magnetic sub-lattices (a magnetic and a non-magn&ib-lattice). For instance, the
relationship between magnetic 3d cations with n@unetic 4d or 5d ions leading to ferri-
magnetic metallic ordering in FfeMoQs;, SLCrWGs, and S§CrReQ [20]. From the detailed
literature survey on the above double perovskitess found that the Fe—Mo containing
compounds have recently attracted a great deahtefeist of researchers because of their
many interesting properties useful for applicatioAs compared to the manganese based
double perovskites, the Fe-Mo materials posseds iggnetic ordering temperature which
make them suitable for magneto-electronics or st applications. Based on their results
and knowing the importance of these compoundsmattehas been made to tailor the
physical properties of gFeMoQ; by modifying its A-site to get (BaSr)FeMg@@ompound.
Apart from that, some evidences about the magrlacacteristics of such compounds have
only been discussed before. Knowing the importapicenaterials for applications, some
interesting work has been reported recently. Asditailed studies of structural and electric
characteristics of such material have not beenyaed| we have carried out the same
(structural, micro-structural, dielectric, and étex@l characteristics) of (BaSr) FeMeO

which is presented in this paper.
2. Experimental Technique:

The double perovskite ceramic material (BaSr)FeMa@s prepared via a standard ceramic
technology solid-state reaction method using highitp (>99.9%) or AR grade) ingredients,

such as strontium carbonate SEJ®I/S Loba Chemie Co Pvt Ltd), barium carbonate BaC



(M/S Central Drug House), iron carbonate F@@Q@/S Central Drug House), molybdenum
trioxide MoG; (M/S Central Drug House) in stoichiometry. Thesgradients were mixed
thoroughly in agate mortar and pestle by both dny wet grinding modes. Then the powder
was calcined at 118G in an alumina crucible. The phase formation wasfirmed from the
analysis of X-ray diffraction collected by the Xyrdiffractometer (Rigaku Ultima-IV) in a
wide range of Bragg angle (26° 20 < 80°) with a scanning rate of 2°/min. and GuK
radiation of wavelength 1.5416 A. The cylindricalllpts were made by adding polyvinyl
alcohol with calcined powder using KBr hydrauli@gs. The pellets were sintered at T200
at atmospheric pressure for 4 h. The room temperaturface morphological study of the
sintered pellet was carried out with a scanningted@ microscope (SEM, ZEISS). The
elemental analysis of the compound was done bystgdhe energy dispersive analysis of
X-ray (EDAX) spectrum. To obtain a smooth surfawey sides of the pellet were polished
and coated with high-purity silver paste followegdHeating treatment to make moisture-free.
By using an impedance analyzer (N4L PSM, 1735),tla#l electrical parameters were
obtained in the frequency range of (1kHz—1MHz) iffecent temperatures (25-300°C). The
leakage current characteristic data of the studnederial were obtained using Keithley

electrometer (model 6517B).

3. Analysis of results:
3.1 Structural and microstructural analysis:

Fig.1 (a) displays the XRD pattern (room tempeigtaf (BaSr)FeMo@ All the peaks of
the X-ray pattern are analysed with the softwanep&tt Highscore plus”. The XRD pattern
of this compound consists of cubic (BaSr)FeMo@SD: 01-070-4084) and tetragonal
Ba(MoO4) (ICSD: 01-089-4570). The cell parametersravobtained and refined using
standard software “POWD MULT” which are: a=7.928) A, and V=245.95 (B)(figure in

parenthesis implies the observed standard devjatibhe crystallite size (D) of the



compound was determined by the Scherrer's equddn22]. The magnitude of D is
obtained to be 42 nm. Fig.1 (b) displays the roemgerature scanning electron microscope
of a pellet sample. The grains of different sizes @niformly (almost) distributed over the
surface describing the polycrystalline charactethef material. The EDAX pattern (Fig.1(c))
represents a compositional study that shows th&temde of essential elements (Ba, Sr, Fe,

Mo, O) without any foreign particle. Fig.1 (d) repents the elemental mapping of

(BaSr)FeMo@ compound.
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Fig.1: (a) X-ray diffraction pattern, (b) SEM, (c) EDAX and (d) elemental mapping of

(BaSr)FeMoOs
3.2 Dielectric Property:

For a ceramic material, the dielectric characterist one of the most important properties.
Such analysis yields significant information regagthe defects, the quantity of polarization

and source of dielectric loss, etc. The dieleatdnstant of the compound was determined by

: : C . . .
the relative relations,= p/ COWhere G = parallel capacitance (obtained experimentally),

= absolute permittivity [23].



3.2.1 Frequency dependence of dielectric property:
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Fig. 2: Plot of (a§, and (b) tand with frequency of (BaSr)FeMoQ

Fig. 2(a-b) is depicted as the frequency dependefadielectric constant and ténWe
observed the systematic and smooth variation ofeth@arameters with temperature and
frequency. Since both these parameters reduce thghincrement of frequency and
temperature, the material behaves like a normdkedigc material. Such a trend in the
dielectric spectrum may be ascribed to the varitype of polarization (electronic, ionic,
dipolar, and space charge polarization). All th@sdarizations follow the time-varying
change electric field in the low-frequency regidiherefore, in such a region, the dielectric
constant value is high. All the dipoles may notdal the changing field with an increment of
frequency. Thus, the different polarizations attefed out with an increment of frequency
results decrement of dielectric constant [24]. @Giledectric dispersion can well be understood
by the Koop’s phenomenological and Maxwell-Wagreroty [25-26]. According to this
theory, the dielectric medium is made up of grdmsre conducting) and grain boundaries

(less conducting). The grains and grain boundaaies highly sensitive at high and low

10



frequency respectively. The decrementpWwith the enhancement of frequency may be the
main cause of hopping of electron at octahedrakdihat lags behind the changing electric
field. Therefore, electrons pass through both ttaéng and grain boundaries. Since the grain
boundaries are low conducting, the electrons ataraalated near it and develop more space
charge polarization. Hence; value increases in the low-frequency sides. Whequiency
increases more and more, the electrons suddeeiyate their path, making obstacles for the
motion of electrons in the materials, thereby réayiche gathering of electrons and alkso

In Fig. 2(b), the dielectric loss shows the simililand as of dielectric constant. The low-
frequency ta#l increases significantly with the rise of temperatu@presenting the part of the

dc conductivity owing to the hopping of electrons.

3.2.2 Temperature dependence of dielectric permittity:

The temperature response gfand taw for BSFMO are represented in Fig. 3(a-ibhe
dielectric constant rises gradually with increastagiperature. Such an increasing trend of
the dielectric constant with the enhancement ofpenature corresponds to the interaction of

electron and phonon [27].
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Fig. 3: Temperature dependence d@)(€, and (b) tand of (BaSr)FeMoOs

In Fig.3 (a), it is noticed that the room temperatmagnitude of, at 1 kHz is nearly equal to
2000, and the value increases with an increasemipérature. Fig. 3(b) displays the variation
of temperature dependence of daof the studied material. It is observed that at-lo
temperatures, the magnitude ofdas low, but the tah value rises with the enhancement of
temperature. This happens because of thermallycedluharge carriers and defeétsroad
dielectric loss peak is observed correspondinch&oquick drop of the dielectric constant.
The loss peak shifts to the high temperature s&dtha frequency increases, suggesting the
thermally stimulated dielectric relaxation in theegent ceramics. For a pure system, the
compound should have a low dielectric loss and higgistance. During calcination and
sintering, the charge carriers (electrons) and emrygacancies are produced. There may be
the chance of the creation of a single/doubly iedibxygen vacancy with the liberation of
one or two electrons from the oxygen. By Kréegenk/notation, we have the following

equations:
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0= 2 024V, +€ oo (1)

0= 0z V" +2€ oot (2)

In this situation, the dipole can be formed by ¢benbination of the ion with a single ionized
oxygen vacancy. The dielectric relaxation is a#edby these dipoles. The oxygen vacancy is
not confined only in the unit cell, but it can aff¢he total system resulting in the rise of ionic
conductivity [28-29]. The stepwise reduction in ldaric constant involves distinct
transition, resembles the respective peaks in aigtdoss with the peak positions moves to
higher temperatures as frequency raises. This dsinabes the existence of thermally

activated relaxation in the material.
3.3 Impedance Analysis:

The complex impedance spectroscopy is usually tesstudy the electrical characteristics of
the materials. The frequency) dependent impedance data are usually analysestnms of
the real and imaginary components of complex impee4Z), modulus (M), admittance (Y),
and permittivity €). The impedance of the circuit &) at an applied frequenay (angular

frequency) can be expressed in both polar asagellartesian form as below.
Z©)=1Z1exp (-P) =1ZICoD - JIZISIND = Z" - JZ7 ..o 3)
Where, Z and Z” are the real and imaginary part of the demnpedance (Z) respectively.

For a parallel combination of R (resistance) andc&pacitance) in a circuit, the complex

impedance Zw) can be expressed by

Z(w) = — = RO R i R e 4)

jwc+% " 1+(wCR)?2 1+(wRC)2 1+(wCR)2

13



After solving the equation, the real and imaginaayt of Z (v) will be written as

R - wR?*C
ADMIEANCE: Y = (B) oo e, (6)
Complex modulus M f— M M e e, (7)
Complex permittivitye*= €'~ Je" ... . (8)
12 i)
—m—-25C
d| _e—75%c
8l —A—125C
- —v-175°C
G 225°C
4 4l 0
— —4—-275C
N
0t
1 10 100 1000 1 10 100 1000
Frequency(kHz) Frequency(kHz)

Fig.4: Plot of (a) Z' and (b) Z" with frequency at different temperature of
(BaSr)FeMoOs

Wherew=angular frequency, R= resistance of the matearad, relaxation time is determined

by using a relation = R,C, (Cq, Ry are the effective capacitance and resistancerall@i.

Fig.4 (a) and (b) represents the curve of frequelependence Z' and Z" respectively. The Z'

value decreases at low-frequencies, whereas all'tbarves merge at a high frequencies. It

is indicated that the low-frequency Z' value is pemature-dependent. The reduction of Z'

value with the enhancement of temperature (up &) Blicates the semiconductor type of
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behaviour (ie., (negative temperature coefficiert resistance or NTCR)) at high
temperatures, whereas for 3Z5the magnitude of Z' rises with an increment afigerature
correspond to PTCR (positive temperature coefficieh resistance) behaviour of the
material.The coinciding of high-frequencies Z' value suggdisé liberation of space charges
leading to the decrease in the activation barfi¢gh@® material with a rise in temperature [30-
31]. In Fig. 4(b), the magnitude of mcreases gradually up to a certain frequency. pldak
position of the 2 moves in the high-frequency region with the risiafy temperature
indicating the occurrence of relaxation phenomenahe compound. The width of the peak
determines the distribution of relaxation time. Thest probable relaxation time is given by
™m (Fllom). The unsymmetrical widening of the peaks demais$r the occurrence of the
electrical process of the sample with a spreadingelaxation times as determined by the

peak width [32].
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Fig.5: Nyquist Plot of Z' with Z" (a) at 25-275°C, (b) 25°C with the depression angle of
(BaSr)FeMoOs
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3.4 Nyquist plot:

Fig.5 (a) depicts the Nyquist plots which show etation between real and imaginary parts
of complex impedance. The complex impedance ofntlagerials may be demonstrated by
ideal equivalent circuits having resistors R angac#ors C to study the electrical

characteristics of the material. The associationhef RC network with the constant phase
element (Q) indicates the deviation from the Detyye nature [33-34]. In such a technique,
the impedance spectrum is symbolized by semicircatas. In this method, the test and
theoretical data were verified by (ZSIMP WIN versi®.0) software [35].In the present case,
we found a single semicircle (RQC) signifying thecarrence of only grain effect. Apart

from that, the depressed semicircular arcs withagerangles (Fig.5 (b)) which centres

situated below the real axis corresponding to thre Debye type of relaxation.

3.5 Analysis of conductivity:

Fig. 6(a) represents the frequency versus ac cordycurve at various temperatures. This
plot consists of a frequency-independent plateaa gdc conductivity) and frequency
dispersion region (ac conductivity). The ac contitgtremains frequency-independent up to
100 kHz then the conductivity rises with the enlgment of frequency. The increase of
conductivity with the enhancement of temperaturey th@accredited to free as well as a
bound charge from different regions (grain and rgrebundaries) in ceramics that are
scattered in-homogeneously. This leads to a changetivation energy with temperature
[36].To describe the frequency dispersion of theduwtivity spectra, the conductivity data

can be demonstrated form Jonschor’s universal ptamef37]
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Whereay ando,c are the dc and ac conductivities respectively. &kmonent (n) lies in the
limit of 0 and 1. The value of n = 1 correspondptme Debye case. Fig.6 (b) represents the
variation of A and n as a function of temperatlifeom the curve, it is found that first the
value of A increases and then decreases. The lmhadfi the exponent factor n as a function
of temperature can be used to determine the oafitmhe conduction mechanism. In CBH
(correlated barrier hopping), n reduces with theaase of temperature, whereas, in OLPT
(overlapping large polaron tunneling) model, n dases first, and then increases with the
increase of temperature, and in small polaron cotnalu process, n increases with increase in
temperature. In QMT (quantum mechanical tunnelmgyle, the magnitude of n ~ 0.8 and is
independent of temperature [38]. In the non-ovgilagy small polaron tunneling (NSPT)
conduction mechanism, the exponent n increasesimgteasing temperature [39]. Since the
magnitude of n increases first, and then decredbesabove discussion of the existence
conduction phenomenon belongs to both non-oventgpgmall polaron conduction (first

increasing part) and CBH model (second decreasanty. p
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Table 1: The obtained values of n and A of (BaSr)fé¢oOg

Temperature (°C) A n
25 1.3078E-7 0.00953
75 8.0395E-6 0.00943
125 0.00013 0.01397
175 0.0001 0.02166
225 0.00002 0.02172
275 3.3267E-6 0.02093

Fig.6 (c) represents the variation of ac conduigtiwith 1000/T of the studied material.

Using the dielectric data,. can be determined by the relation:

Oge = WEENLANS ..o

Whereg, = absolute permittivity. The activation energy dsndetermined by the expression

[40]:
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Where lg = Boltzmann constant ang) = pre-exponential factor. The ac conductivity loé t

material increases with the rising temperature thay be the cause of carrier mobility for
hopping, which is enhanced by increasing tempegatdiis behaviour indicates the
semiconducting type of material. The values of aeieing E, are 0.68, 0.77, 0.79, 0.92,
0.95, 0.91 eV at 1, 5, 10, 100, 500 and 1000 kHspeetively. The merging of high

temperature curves suggests the liberation of sgizaxge.

3.6 Modulus Study:

The dynamical nature of the sample can be studiedyuhe complex modulus method. One
of the benefits of the modulus formalism is thasignificantly suppresses the electrode
polarization effects [41]. The advantage of repnésg the dielectric permittivity data in
modulus formalism is that, at lower frequencies, dominating electrode polarization effects
(on dielectric permittivity) are significantly supgssed, and the generally small capacitance
values of the grains are enhanced [42]. The freqyueariation of the real part of the electric
modulus (M) of the studied material is displayed in Fig. 7(&)s observed that in the low-
frequency region, the magnitude of Mnds to zero representing the negligible efféche
electrode, and the Menhances with the enhancement of frequency. TdpEediion of the M
curves with the enhancement of frequency may beethdat of the conduction process due to

the short-range mobility of charge carriers [43].
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Fig.7: Plots of (a) M' and (b) M" with frequency and (c) M' with M" and (d) relative

analysis curve of M’ and Z"" with frequency of (BaSr)FeMoOs

The curves of M with frequency are depicted in Fig.7 (b). The magle of M’ rises with
the enhancement of frequency, and it exhibits & peathe high-frequency region. The
displacement of Myax peak towards the high-frequency with the enhano¢imietemperature
resembles that the appearance of relaxation preg@sshe sample. Unsymmetrical widening

of the peak suggests the spreading of relaxatiah thie dissimilar time constant [44].The

20



Fig. 7 (c) is represented as the variation of trm@ex modulus spectrum (Ms.M") of the
material. The appearance of a single arc in thetspa suggests the grain effect in the
compounds [45]. Fig. 7 (d) represents a comparainaysis of impedance (Z") and modulus
(M"). The matching of Z" and Mpeaks resemble the long-range ordering of chaaggec
while the mismatching of the peak demonstratessth@t-range ordering. In the current
study, we observed that mismatching of the pealchvBuggests the short-range ordering of

carrier [46].

3.7: Leakage current characteristics:

001} 0.01} b
1E3b 1E3 | slope=1.37
NE rE
Q
< 1E4} < 1e4}
3 3
g 8
1E-5p 1E-5k
1E-6 1 1 1 1 1 1E-6 i i i
400 200 0 200 400 1 10 100
Electric Field(Vicm) log E(Vicm))

Fig. 8(a) Leakage current density (logJ-E) and (b)JogJ-logE curve as a function of

applied electric fields.

Fig.8 (a) represents temperature variation of curréensity with electric field (J-E)
characteristics of the studied material for bothatve and positive bias. The leakage current
density was lower than F0A/cm? in the presence of +ve and —ve applied of thetridefteld

of 400V/cm which is quite reasonable. There are foechanisms: Schottky emission (SE),

space charge limited conduction (SCLC) mechanisnuglified Schottky— Simmons model,
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and bulk-limited Poole—Frenkel (PF) ) to understahd conduction process and also to
describe carrier transport in ceramics. To know éxéstence conduction process, the
observed J-E data was fitted for quantitative aiglgf the charge carrier. First, we have
analysed the data for the SCLC mechanism in wtiehcharge carriers are dominated by

space charges. The expression for the currenttgenssCLC is given by [47-48]

_ 9uergoHE?

SCLC — T ..................................................................... (12)

Where, E is the electric field,. is the dielectric constant, absolute permittivityu is the
mobility of carrier,0 is the fraction of injected charge carriers (eptfree limitd =1). To get
information about the conduction process, we hadwottgal the graph (Fig.8(b) ) between logJ
and logE. As the obtained slope lies betweenl-2 sorresponds to the SCLC mechanism

[49-51].
4. Conclusion:

The polycrystalline material (BaSr)FeMep@as successfully prepared by a high-temperature
mixed oxide reaction method. The structural stutiyhe material has been carried out by
XRD analysis, and the compound is found to be endhbic system with lattice parameter
a=7.9280 (2) A, and V=245.95 (A)The almost uniform distribution of grains with mor
voids is detected by SEM analysis. The EDAX spectrsuggests the existence of the
necessary element in the compound without any iitypufhe frequency dependence of
dielectric study has been explained by the MaxWwédigner theory. In the temperature-
dependent dielectric characteristics, we have owhd any dielectric anomaly. As the room
temperature dielectric constant and tangent lossequal to 2000 and 25 respectively at 1
kHz, the material may be useful for capacitor aggtion. In impedance analysis, both NTCR

and PTCR properties of the compound are found. éleaclow temperatures, this material
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may be suitable for semiconductor devices. Theukeqy variation of conductivity was
examined by Jonscher’s power law which reveals thatconduction process follows the
non-overlapping small polaron tunneling (NSPT) &®8H model. The calculated activation
energy in the conduction process may be usefuhémping of electron process. The non-
Debye type of relaxation was found from both impesaand modulus study. The occurrence
of M” and Z peaks at different frequency represents shorteaoglering. From J-E
characteristics, the low value of leakage currasrisity was observed and the conduction

mechanism is found to be (SCLC) space charge lthadtenduction phenomena.
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