Trade Science Ine.

ISSN : 0974 - 7486 Volume 7 I ssue 2

A Tndéian Yournal

— Fyfl Peper

MSAIJ, 7(2), 2011 [84-89]

Dielectric and conductivity behavior
of modified Li-based perovskite compounds

M.Girija*, S.B.Gama?, R.L.Raibagkar?
!Government First GradeCollege, Bidar - 585401, Karnataka, (INDIA)
2B.V.Bhoomar addi CollegeBidar - 585403, Kar nataka, (INDIA)
3Department of Post Graduate Sudiesand Researchin M aterials Science,
GulbargaUniversity, Gulbarga- 585106, K ar nataka, (INDIA)
E-mail : mangalgatti77@gmail.com
Received: 2™ October, 2010 ; Accepted: 12" October, 2010

ABSTRACT

The dielectric and conductivity properties of complex perovskite with gen-
B,,Nb,,) O,where B=Ti*, Zr** and Mn** ceramicshave

eral formulaLi (Nd

VA~ 12

been investigated. These ceramics were prepared by solid state reaction
technique. Preliminary structural studiesrevealed that the material consists
of hexagonal perovskite structure. The dielectric constant (k) and loss tan-
gent of the samples were determined at different temperatures (32-500°C)
and inthefrequency range 100 Hz - 1 MHz. The conductivity behavior of the
© 2011 Trade Sciencelnc. - INDIA

samples was also studied.

INTRODUCTION

Devdopmentsof new dielectric materid withlow
and/or high diel ectric constant and | osstangent have
been the basic aim of every electronic engineer and
scientigt. Lithium niobate (LiNbO,) possessesauseful
combination of piezod ectric and electro optical prop-
ertiesthat enablethe devel opment of devicesusingvis-
ibleor near infrared radiation for thelogica processing
of information and therouting of channelsin telecom-
municeation™. LiNbO, isamember of ABO, perovskite
family. Itisinterestingto notethat, subgtitution a B-site
cationby divaent and/or pentava entimpuritiesinABO,
-type perovskite compound, yieldsanumber of modi-
fied compoundswith different Curietemperature, dif-
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fusenessand high didlectric constant’?. Thedielectric
constant andlosstangent of lithiumniobatesinglecrys-
tal have been studied as afunction of frequency and
temperature”®. Dielectric constant, loss tangent and
electrica conductivity of lithium niobate ceramicshave
been studied at room temperatureinthefrequency range
22 kHz to 70 MHz by SubhashchandraBhatt et al .14
Theimprovement in materia scan bebrought by typi-
ca ionsubgtitution. Therefore, itisinteresting to carry
out substitution studiesin dielectric materid sand study
their structural and dielectric properties.

In the present paper, we made an attempt to study
theeffect of substitution of diovaentionsat Nb-site of
LiNbO,. Thethe dielectric constant (k) and losstan-
gent (tand) of asample have been measured at room
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TABLE 1 : Crystallographic data of modified Li based
per ovskitecompounds

X-ray Particle
Sample a(A°) c(A°) S(t:r Lycflﬂe \\//OE:T)%’ density size
(@m/(cm)®) _(nm)
LNN-T 3.773 12.081 Hexagonal 148.94 1526 8.18
LNN-Z 3550 5632 Hexagonal 6148 4225  10.96
LNN-" 5 662 11.836 Hexagonadl 13445 1731  16.38

M

TABLE 2: Thevaluesof exponent ‘n’from linear fit of con-
ductivity for modified Li-based per ovskitecompounds

Temperature (°C) LNN-T LNN-zZ LNN-M
32 0.66 0.77 0.43
100 0.89 135 0.74
200 152 0.69 0.61
300 0.61 0.29 0.33
400 0.34 0.08 0.13
500 0.14 0.03 0.05
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Figurel: X-Ray diffraction pattern of LNN-T, LNN-Z and
LNN-M

temperaturein the X-band frequency rangei.e. 9to 12
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GHZ. Measurements have also been carried out for
thefrequencies 100 Hz to 1 MHz at different tempera-
tures.

Thepurpose of this paper isto analyzethedielec-
tric properties of ceramics prepared from the virgin
LiNbO, system, withregard to their applicationinthe
microwavefreguency region; we have synthesized the
following compositions, each representing an excess
€lectron charge carrier, havingamember of morecom-
plex compound of thegenera formula-A[(B'),,(B"),,
A B"),,]0,

Li(Nd,,Ti,,Nb,)O,—LNN-T

1I4T I 172

Li((Nd,,Zr ,Nb_)O,—>LNN-Z

V4= 12

Li((Nd,,Mn,,Nb,,)O,—>LNN-M
EXPERIMENTAL

The sampleswere prepared by solid state reaction
techniquewith high purity congtituents of oxidesand
carbonates. The powder was calcined at 950°C for 6
hrs. Thefinally recal cined powder was then used to
makecircular pellets under auniform pressure of 4T/
m? The pelletswere sintered at 600°C for 4 hrs.

Powder X-ray diffraction (Philips PRO PAN ana-
Iytical, UK) datawerecollected using Cu-Ka radiation
inthe 260 range of 20° to 70° with ascanning rate of 2
degree/minute at roomtemperature. Lattice parameters
were obtained by |east squarefitting method. To mea-
surethedielectric constant of the sample, air drying
slver paint was pasted on both thefaces of thesintered
pelletsto serve aselectrodes. The capacitance, phase
and diel ectriclossweremonitored asafunction of both
frequency (100 Hz to 1 MHz) and temperature (32°-
500°C) using LCR meter (HIOK I 3532-50, Japan).

RESULTSAND DISCUSSION

Theroom temperature XRD peaksof thesamples
wereshowninfigurel. The XRD peakswerefoundto
be sharp and unsplit, indi cating good homogeneity and
formation of single phase compounds. Thepeakswere
indexed with observed d-valuesand cell parameters
were determined by standard computer program and
the best possible sel ected parameterswererefined by
least squarefitting method. TABLE 1 showsthecrys-
tallographic datafor synthesi zed samples. From the x-
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Figure2: Frequency dependenceof k at varioustemper a-
turesfor (@) LNN-T, (b) LNN-Z and ()LNN-M

ray anayss, thestructuresof thesynthesized compounds
arefound to have hexagona crystal symmetry.
Figure2(a), (b), (c) andfigure 3(a), (b), (c) gives
thevariation of did ectric constant (k) and thedidectric
loss (tand) asafunction of frequency at different tem-
peraturesfor ceramicsLNN-T, LNN-Z and LNN-M
respectively. Itisfound fromthefiguresthat both k and
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Figure3: Frequency dependenceof tan § at varioustempera-
turesfor (&) LNN-T, (b) LNN-Z and (c) LNN-M

tand ismaximum at 100Hz which decreasessharply up
to 1 kHz and then remains constant a most upto IMHz.
Thisisanormal behaviour of any ferroelectric dielec-
tricmaterid.

Thetemperaturevariationsof k areshowninfigure
4(a), (b) and (c). Asthetemperatureincreases, thek
increases. For al the samples, k increases exponen-
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Figure4: Temperaturedependenceof k at variousfreguen-
ciesfor (a) LNN-T (b) LNN-Z and (c) LNN-M

tidly withincressingtemperatureat low frequencies (up
to 1 kHz). At high frequencies, thereis steady increase
ink asafunction of temperature. Dispersonink shows
presenceof interfacia polarization. Sincethemateria
hasbeen prepared by the solid state ceramic method,
thereisapossibility of microheterogeneitieswhichgive
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Figure5: Frequency dependenceof conductivity at various
temperaturesfor (a) LNN-T (b) LNN-Z and (c) LNN-M

riseto piling up of mobilechargecarriersat thegrain
boundary, producing interfacia polarizationgivingrise
tovery highk. At higher frequencies, dueto faster pe-
riodic reversa of thefield, the perturbation of thermal
motion of ionic or molecular dipol estakesplace, which
produces anet dipolar orientation inthe direction of
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Figure6: Log- L ogplotsof conductivity for (a) LNN-T (b)
LNN-zand (c)LNN-M
applied field and hence dipolar polarization becomes
more prominent at thesefrequencies. Thisisthereason
for theinitid decreaseand later teadinessinthevaue
of k and tans of these ceramicg®.

For al the ceramics, we observed that the curves
of 6, versusfrequency (Figure5 & 6), the curvescon-

Figure 7 : Arrheniusplot of @) LNN-T (b) LNNz and (c)
LNN-M

vergewith oneanother at lower temperatures. Thisis
because a higher temperaturesthe energy distribution
of thetrapsbecomemore uniform and the variation of
the ac conductivity with frequency becomesless. The
valuesof ac conductivity arefound to be easily under-
stood from the power law®l.
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6 (0)=A(T) 0" +o(T) @
where T isthe absol utetemperature,  istheangular
frequency, o (») and ¢ (T) correspondsto thea.c and
d.c conductivitiesrespectively and 0<n<1.

Thevaueof ncomputed for al thesamples(Figure
7) a different temperaturesand arelistedin TABLE 2.
Maximum nwasfound for LNN-T at 200°C whereas
for LNN-Z and LNN-M; itismaximum at 100°C. As
thetemperatureishigh enough for the band- to- band
transition to dominate the conduction process, n be-
comesamost zero, sinceeectronic conductionisfre-
guency independent. Thismakesthe ac conductivity
versusfrequency curvesfor different temperatureto
convergewith oneanother, at higher frequency indicat-
ing that the ac conduction becomes almost indepen-
dent of temperature!.

TheArrheniusplotsfor ac conductivity at different
frequenciesareshowninfigure8. FromtheseplotsE,
the activation energy was calculated and itisfound to
beintherange0.05to 0.283eV. Asthefrequency in-
creases, the activation energy decreases for all the
samples. Low vaueof E, adongwith the dependence of
conductivity showsthat the ac conductivity mechanism
isdueto eectron hopping. S. Bhat et.al reported that!
o increaseswithincreasing frequency for lithium niobate
snglecrystal, whichistruein our caseaso.

= Fyl] Peper
CONCLUSIONS

Inconclusion, theeffect of substitutingtrivaent (Nd)
andtetravaent (Ti, Zrand Mn) ionsat B-sitein LiNbO,
wasinvestigated. It wasfound that al perovskitesLNN-
T, LNN-Z and LNN-M have hexagonal crystal sym-
metry. Thereported vaueof k for LINbO, singlecrys-
td a 25Cfor LMHzis54.5,tand is0.026 and ¢ value
i$21.96x107 ohmm2. It wasfound that by substituting
trivalent and tetravalent ionsat B-site of LiNbO, in-
creasesk, o andtan 6 values. o isfound to obey the
power law. The prepared ceramicsshow low E_. i.e.
samplesshow higher conduction.
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