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Abstract. Relaxor properties of 0%Pb(MgysNby3)Oz—08PbTiO; (PMN-PT) and
non-lead perovskite thin films have been analysed in terms of large frequency
dispersion of dielectric response at low temperatures. A wide spectrum of dielectric
relaxation was observed in the frequency-dependent response of the imaginary part of
the dielectric permittivity. Transformation from normal ferroelectric to relaxor
behaviour has been observed in the case of the Ca substituting the BaTiOjz thin films.
A number of techniques were exploited to investigate the wide spectrum of relaxation
times in pulsed laser ablated thin films. ac and dc eectric field induced complex
dielectric properties of 0Pb(Mgy3Nb,3)O0:—08PbTiO; (PMN-PT) thin films were
studied as function of frequencies at different temperatures. Nonlinear behaviour of
dielectric susceptibility with respect to the amplitude of the ac drive was observed at
lower temperatures. The frequency dependence of transition temperature T,
(temperature of the maximum of dielectric constant) was studied using the Vogel—
Fulcher relation.
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1. Introduction

The potentid of functiond materids such as rdaxor ferrodectrics has driven the research
in the directions of integration into microsystems, medicd instrumentation and micro-
dectronic components. This is a result of the fast devdopment in the fidds of
communication, microenginearing  and  biomedicad  enginexring.  While  having  dear
practica implications, however, advances in understending of the basic properties of
relaxor ferrodlectrics present at the same time afundamenta scientific chalenge.

The reaxor ferrodectrics are characterized by their diffuse nature of didectric phase
trandtion dong with frequency dependent transition temperature. These materids aso
exhibit very high didectric condant and dectrodtrictive coefficient and thus become one
of the potentid candidates for multilayer capacitors, micromechanica devices res
pectively. Despite the incessant endeavours for last one decade, the phenomenon of
didectric rdaxation in rdaxor maeids is gill meagrdy understood. Different modes
have been proposed by the various authors to understand the diffuse phase transition of
the relaxor materids'™ The evidence of relaxor naure in leed magnesum niobate was
firs observed by Smolenskii?> and the diffuse nature of phase transition was atributed to
the randomly oriented polar microregions originated from compostiona fluctuations on
the nanometre length scde These chemicd fluctuations resulted in the datidtica
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digribution of the phase transtion temperature and consequently the broad temperature
dependence of didectric properties. L E Cross' further extended the Smolenskii’'s model
to a superpaadectric modd. An ided superparaglectric could be conddered as an
ensemble of nano-dimensioned polar regions, the size of tha are characterised by the
spatiad  coherence of their spontaneous polarisation. Each  nanopolar  region  was
conddered as the source of dipolar entity with no interaction among each other. The
rdlaxor behaviour was dtributed to these nanometer size regions to a thermaly activated
ensemble of superparadectric clusters. The broad didribution of reaxation times for
cluster orientations originates from the digtribution of the potentia barriers separating the
different orientationd sates. The didectric anomady and frequency disperson are due to
dowing down of superparagectric moments. A short-range cooperdive interaction
between these superparaglectric dusters was considered by Viehland et al® to explain the
freezing of the superparadectric moments into a dipolar glassy with ferrodectric order at
lower temperatures. Qian and Burshill” assumed tha the nanometer scale chemicdl
defects are the source of random fidlds, which control the dynamics of the polar clugters
in such sysems. They explained the broad digpersve behaviour by consdering changes
in the cluser sze and corrdation length as function of temperature. Structurd origin of
rdaxor ferodectric was discussed by Chen et al® in tems of the chemicd bonding
between Pb and O ions Kleeman et al® however proposed that the charge compositiona
fluctuation quench the random dectric fidds, which were consdered as the origin of
diffuse phase trangtion in PMN relaxor and are dso responsible for the criticd dowing
down of the didectric relaxation. The freezing of didectric rdaxation in relaxor
ferrodectric was directly evidenced by Gazounov and Tagantsev® following the Vogel—
Fulcher law. In the present case both didectric and ferroeectric properties of perovskite-
type relaxor thin films have been sudied to investigate the relaxor behaviour at different
temperatures. Observed ferrodectric behaviour a higher temperature (>T,.,) in the present
case supported interacting cluster model proposed by Vugmeister and Rebitz!® Two
materiadls systems are conddered in the present study which include () Pb-based
Pb(Mgy/3Nb,3)Os-POTiO; (PMN-PT) type rdaxor and (b) Cadoped BaTiOs type relaxor.
The results obtained on these compositions are discussed individualy.

2. Experimental

Sevard fabrication processes have been adapted to develop good qudity ferrodectric thin
films. These include both chemicd and physicd vapour depostion such as metd organic
chemical vapour deposition (MOCVD),™ pulsed excimer laser ablation'? radio frequency
sputtering,® sol-gd'* ec. In the present work pulsed excimer laser ablation technique
(PLD) has been usad to deposit reaxor thins In al cases plainum coated slicon wafers
were used as subdtrates The details of the processing were described elsawhere® The
dructural andyss was done on both types of films by means of X-ray diffraction
technique. Microgtructure analysis by scanning eectron microscope revedled out that the
films condst of dense gran dructure Gold dectrodes of various diameters 0X—0% nm
were deposited on the thin films usng an evaporation technique to do dectricd
charecterizetion in  meta—insulator—metal  configuration. Polarisations vs applied dectric
fidd hysteress studies were done with a RT-66A standardised ferrodectric test system.
Didectric and impedance andysis were caried out, with an oscillation levd of 50mV,
usng an automaed HP impedance (4294A) impedance meter in a frequency range of
04-1MHz over a temperature range of —80-450°C. Didectric modulus characteristics
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were dso evduated smultaneoudy on these samples, in order to understand the
microstructure dependence on the didectric and dectrical propertiesin these thin films.

3. Resultsand discussions
31 Pb(Mgl/ng2/3)03-PbTi O3 based system

3la Dielectric phase transition: The results obtained for the dielectric congant (€
and disspation factor (tand of the OYPMN-08PT films, grown a 600°C as a function of
temperature a different frequencies are shown in figure la The room temperaure
didectric congtant (€ exhibited by the films grown on LSCO/PYTI/SO,/S substrates is
3600 a the frequency of 1kHz. The digperson in the temperature of didectric maxima
with frequency as obsarved in the above figure confirms the reaxor in OYPMN-08PT
films. Didectric loss pesk (€) shown in figure 1b dso exhibits strong frequency
dispersion, indicating that a didectric property was the intrinsc response from the bulk of
the films. This particular nature is a chaacterisic propety of rdaxor ferrodectrics,
indicates that the system freezes to a glassy state below a certain temperature® where
they take more time to respond to external small ac signd.

31b Vogel-+Fulcher behaviour: A spin glass dae is generdly viewed as a system of
interacting superparamagnetic clusters'® and not as a system of clusters with independent
locdized behaviour. The universa characterigtics of a spin glass, and in generd any
glassy behaviour, is the existence of a datic freezing temperature. In structurd glasses the
freezing temperature, commonly known as the glass trangition temperature, is determined
by the onset of meesurable visco-dlastic behaviour on observable time scdes!’ In spin
gases a datic freezing temperature can be determined from the frequency dependence of
the permittivity,"® which approaches a constant vaue a lower frequencies. The freezing
of the magnetic moment in spin glasses is bdieved to arise due to competing interactions,
both ferromagnetic and antiferromagnetic, between neighbouring clugters preventing the
esablishment of conventiond long-range ordering’® Instead, these systems become fru-
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of 07PMN-08PT thin films.
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dsraed by establishing only locd ordering, ferromegnetic or antiferromegnetic, between
clugers. A dipolar glass is bdieved to exist due to a competition between ferrogectric
and antiferrodectric (eg. Rby_x(NH4)«H2PO4). All known glassy systems to date posses
two key dements (1) randomness due an underlying disorder usudly with clustering,
and (2) frugtration leading to freezing.

The magnetic relaxation in spinglass systems?® can be described by a relationship
atributed to VVoge and Fulcher given by,

W= foe(p[—Ea/k(Tmax - Tf)] )

where w is the measurement frequency, Ti is the datic freezing temperature, E; the
activation energy, fy the Debye frequency, and Ty the temperature of the permittivity
maximum. The activation energy is generdly believed to be the product of anisotropy
energy, Kanis, and the cuger volume, V, as origindly described by Ned. The andyss
provided by our group'® for PMN-PT (70/30) composition the obtained frequency
diperson near the trandtion gave an activation energy of 0038€eV, a pre-exponentia
factor of 36" 10" Hz, and a static freezing temperature of 401K. The curve fitting to
the datais shown asthe solid linein figure 2.

The dose agreement of the data with Vogd—Fulcher relationship, suggests that the
rdaxor behaviour in the present PMN system is andogous to a spin glass with
polarisation fluctuations above a Setic freezing temperature.

The Vogd-Fulcher relaionship may be interpreted as a norma Debye relaxation with
temperature-dependent  activation energy. The activation energy increeses as  the
temperature decreases becoming undefined as the freezing temperature is agpproached. A
more redidic interpretation of this reationship in reference to rdaxors, is tha E,
represents the activation energy for polarisation fluctuations of an isolated cluster with
temperature dependence aising from the development of short-range order between
neighbouring clusters with kTy being a meesure of the interaction energy. It is certainly
posshle that the ferrodectric clusters interact via dipole and dipole-iinduced dipole
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exchanges. The posshility adso exigs that the clusters could interact eadticaly through
loca rhombohedrd digtortions, implying that the clusters may freeze into an orientationd
glassy state and are superparadlagtic above the freezing temperature.

The superparadectric modd, the Vogd—-Fulcher dipole glass and dipolar didectric
model are al based on the assumption that the mechanism of the response is related to the
themdly activated reorientation of the loca spontaneous polarisgtion in smdl (about 100
A diametre) polar regions distributed in non-polar matrix.

As has been perceived till now it appears that disorder in the B-site to be a necessary
condition for the obsarved didectric relaxation. However there are dill  questions
concerning the fundamenta physica origin of the disperson behaviour. Furthermore two
different models with very different implications have described the structure of the
chemicdly ordered domains. In the firg modd, the ordering is 1:1 Mg:Nb, leading to
the presence of 0%e charge per ordered unit cel. This would imply that the ordered
domain contans a space charge and would therefore have its growth limited by the
dectrodatic interactions. The second modd describes the ordered sructure as being
possessing an intrinsc B-dte disorder even in ‘fully’ ordered crysds. According to this
modd, there should be no limitation on the ordered domain growth and one should be
able to obtain full order in the crystal. Davies’* has shown that the ordered structure can
be made to spread in the entire crysd in Po(Mgy3Tap3)Oz (PMT), a dmilar relaxor
ferroelectric to PMN. Another important observation found by Davies et al®? shows that
even for fully ordered PMT, relaxor behaviour is ill present, probably maintained by the
intrindc disorder of the B-dte as described above. In the case of PST when the structure
isfully ordered, the relaxor behaviour disappears, asthereis no more B-site disorder.

32 Field-induced phase transformations

32a Impact of amplitude of ac drive: Large frequency disperson of didectric pro-
perties a low temperature has been conddered as the characteristic property of relaxor
farodectrics Such behaviour of reaxor ferrodectrics is due to the presence of number
of polar cugers each of which has a net dipole moment. The dipole moment of each
cduger has a characteridic response time determined by their locd fied configuration.
The dipole moments have different deble energy minima, which are separated from
others by an energy barrier with height of the order of the therma energy (25meV) or a
little higher. In presence of any ac or dc fied, the observed dielectric properties would
correspond to the cumulative response of dl polar clusters. The number of polar clusters
reponding to the extend fidd, depends on severd factors such as (@ ambient
temperature, (b) amplitude of the ac dgnd and (c) levd of dc bias. As the temperature
increases, the height of the energy barier between the different minima is reduced, which
in turn enhances the number of responding polar entities. Similar phenomenon can be
visudized by incressing the amplitude of ac drive. Tagantsev et al® called this individua
polar entity a‘relaxator’ . These relaxators aredivided into two categories.

Reaxators, which respond to externd sgnd ae cdled the ‘fast rdaxators and those
which do not, are cdled ‘dow relaxators. The ratio of these two types keeps on changing
with the messurement conditions. With increesng the externd fidd, the number of the
fast relaxators could be enhanced so as with temperature.

Figures 3a and b represent the didectric response of O¥YPMN-08PT thin films (red
and imaginary part of didectric condant) as a function of ac signd amplitudes messured
a different frequencies. The temperature during the didectric measurement was 40°C.
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The didectric congtant (&) increases nonlinearly with increesing the oscillation amplitude
up to a cetan leved and findly tends to sturate a higher magnitude of ac drives Similar
phenomenon is dso observed in case of imaginary part of dieectric congant. Figure 2
shows the didectric constant measured a the frequency of 10kHz as a function of ac
drive amplitude a different temperatures. It is interesting to note that dielectric non-
linearity is observed only up to the certain temperature (<T.,). At higher temperatures
(> Ty thedidectric congtant is amost independent of oscillation amplitude.

Figures 4a—c demondrate the effect of ac drive amplitudes on didectric phase trans-
tion of PMN-PT (70/30) thin films. With increesing ac drive amplitude, the maximum
didectric trangtion temperature shifted towards the lower vaue. Figure 5 displays the
temperature-dependence of didectric congant meesured a vaious ac drives amplitudes
a afrequency of 100 kHz.

Interestingly, with the increase of ac drive amplitude, the temperature of maximum
didectric congtant (T,,) shifts to the lower vaue. Another important feature to be noticed
here is that a higher ac drive fidds the didectric constant continues to show the
frequency dispersive characteristics @ the temperature well above the trangtion tempe-
rature. The disperson a lower temperatures (~40°C) (shown in figure 5) is dso observed
to enhance with increesing ac amplitudes. Large frequency disperson in the dieectric
permittivity could be attributed to the contribution smilar to the domain wal movement,
becomes more prominent a higher ac drive. In rdaxor ferrodectrics the regions
separdting different polar clusters are considered as the domain walls?® As the amplitude
of the ac drive increeses the contribution from the domain wals dominate over the
intrindc response of the nano polar regions. Moreover, the large dectric fiedd could
modify the entire random fidd effect, which is being conddered as one of the popularly
supported origins of relaxor nature.

32b Effect of dc bias. The dc fidd dependence of the didectric response, both red
and imaginary parts of didectric constant is depicted in figures 6a and b, respectively. It
is evident from figures that dectric fidd initidly increases the didectric constant up to a
certan vdue and then reduces. The large frequency disperson in rdaxor ferrodectrics a
low fidd is due to the wide digribution of the height of the potentid barriers among
which the flipping of the dipoles occurs. The fluctuation results in the changes of the
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Figure 3. (a) Rea and (b) imaginary part of dielectric constant (€ as afunction of
ac drive amplitude at different frequencies.



Relaxor type perovskites: Primary candidates of nano-polar regions 781

—
2]

=

=

aooof
s —nwe| 3
= 3 —C— i} ke ==
:-',; 4000 (J)‘M‘\ — 100 kHz ‘% 5000
i £
2 s o 4000
3000 | o
8 T 3000
2 2000 g -
o
i i " i i i i 2000 - Il 1 1 H
L EI[J 100 150 200 250 50 1000 150 200 250
Temperature (“C) Temperature (°C)
{e) TO00
= hHZ
E 800D mi—t0ue
E I i'—l:::llkliir
F s000}
3
g 4000}
‘G L
2 apoot 10 kviem
2
2000

50 100 150 200 250
Tempearature (“C)

Figure 4. Didlectric phase transition of 0PMN—058PT thin films for different
oscillation amplitudes: (a) 1, (b) 5, and (c) 10 kV/cm.

000

5000

4000

3000

Dielectnic constant (g)

EEI{JG i i 1 i i i i i I
50 100 150 200 250
Temperature (“C)

Figure 5. Temperature dependence of dielectric constant measured at 100 kHz for
different oscillation amplitudes.

corresponding relaxation times. In presence of wesk dc dectric bias, the potentid bariers
between different energy minima ae lowered, which intern enhances the flipping
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probabilities of the polarizing entities®® At the same time, the dipoles pardlel to the
externd fidd are less likdy to change ther directions. Accumulative response of these
two kinds of dipoles al together increases the value of diglectric congtant a lower bias.

But the dtuation becomes reverse when the magnitude of the bias exceeds certan
limit. After a cetan externd bias, the potentid bariers for the dipoles pardld to the
extend fiedd become deeper; therefore, the flipping probability of these dipoles
decreases gradudly. The number of dipoles will be reducing gradudly with increesng
bias leve snce they are frozen dong the bias direction. Since the frozen dipoles do not
contribute to the orientation dielectric response, the vaue of the didectric permittivity is
reduced sgnificantly. One more interesting fegture that may be observed from the figure
that the bias fidd correponds to the pesk increases with increesing the measuring
frequency. Figures 7a—d represent the dependence of dc bias on didectric phase trandgtion
of PMN-PT thin films.

The frequency disperson as evidence from the figures is reduced with increasing bias
levd while T, follows the reverse trend. This behaviour of the rdlaxor ferrodectric could
be interpreted in terms of locking the moments of polar clusters due to gpplication of
extend dc bhias. As the bias increases, the moments pardld to the dectric fidd increase
and findly reach the sauration. Therefore, very few dipoles with narrow spectrum of
rdlaxation times are left to response to the smdl signd oscillatory eectric fidd. This in
turn reduces the magnitude of didectric congant adong with the reduction of frequency
digperson. Since the externd dc bias increases potentid barriers of the different energy
minima, additiona therma energy is required to overcome these potentid bariers,
resulting in an increase in the phase trangition temperature.

Figure 7d shows an intereding feature A norma ferodectric-paradectric  phase
trangtion is observed in the temperature-dependence of diglectric constant measured in
presence of 30kV/em externd bias. This result in turn leads to the inference that the
rdaxor ferrodectric can be conveted to norma ferodectric with the application of
externd dc bias However, there exists symmetry bresking a the nanometre scale?
leading to the formation of polar nanodomains that exis wel above the pesk in the
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susceptibility and strongly affects the relaxor properties. As the externd bias levd
exceeds a catain vaue where fluctuations of the moments of the polar clusers have
condensed, the dectric fidd may overide the chemicd inhomogeneity, which normdly
prevents the long range polar ordering. Therefore, T could approach the vaue of
homogeneous date due to the destruction of glassy character of rdaxors by a lage
applied dectric fidd. From the close invedtigation of the figures 7b and ¢, it is interesting
to note that in addition to highly dispersve maxima in the temperature range of 130 to
180°C, additiond maxima appeared a approximatdy 100°C. The amplitude of these
maxima was found to be frequency dependent, whereas the temperature appears to be

frequency independent.

32 Ca-doped BaTiOj3 system

Recently, there has been a huge demand for the non lead-based relaxor materids, because
of the environmentd concerns. Hence the barium-based non lead rdaxor materids have
been of recent interet as the rdaxors have a wide range of applicaions in the
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microelectromechanica  systems (MEMS), piezo dectric actuaors, multilayer capacitors,
and pyroelectric detectors?®” It is well known fact that the BaTiO; and its solid solutions
have higher piezodectric and ferrodectric properties. The barium-besed rdaxor has an
advantage in the microwave communications as these have higher tunability and the
temperature coefficient of resonance can be made nearly to zero. A series of impurity
doped BaliO; sysgems such as Sn, Hf, Ce and Y have dso shown a ferrodectric to
rdaxor behaviour a higher doping concentrations®® Ba(Zr,Ti1_)Os; ceramics and thin
films have received condderable amount of atention recently because of its high drain
level and high piezodectric effect. At the lower concentration of x ~045, it results in a
pinched phase trangtion and for the x>0%5 results in a rdaxor diffuse type behaviour.
BZT is found to possess composition the dependent property changes. The reaxor
behaviour in case of BZT has been atributed due to heterogeneity of the nanoscae com-
position.?® We have observed similar behaviour to relaxor behaviour in a ferroeectric in
the case of the Casubdituting BaTliOs thin films, which highly dependent on the
possibility of the Ca ions occupying the Ti site® The Casubdtituting BaTiO; crystals
and ceramics finds prominent use in the field of optoelectronic devices*! Doping of the
Ca in the BaliO; (denoted as BCT) ceramics showed remarkable improvement in
dectromechanicd behaviour, increese in the temperature range of the dability of the
tetragona  phase and inhibition in the formaion of the unwanted hexagond phase of
BaTiOs.

32a Dielectric dispersive behaviour: The dieectric phase trangtion temperatures of
the BaTliO; thin films are shown in the figure 8a BaTiOs; thin film assumes the perov-
skite form and is obsarved to be tetragond, (c/a>1) thereby dongating dong an edge
bdow 396K, which sgnds the onsst of ferrodectricity and a replacement of the
centrosymmetric cubic structure by apolar one.

On further cooling, ancther polymorphic trangtion occurs a 296 K, with the eongat-
ion of the cube dong the face diagond rather than an edge, resulting in a orthorhombic
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sructure. At even lower temperatures 199K, a third displacive transformation occurs,
with the dongation dong a body diagond and resulting in a rhombohedrd dructure. The
tand dependence on the temperature is dso observed and shows a three digtinct phase
trangition temperatures as shown in the figure 8b.

The didectric phase trangition temperature of the (BageCapx)TiOs targets was & 380K
and the tand dependence on the temperature aso follows the smilar trend as the
didlectric congtant versus temperature but pesks out at dightly lower temperature and is
in accordance with the Kramers-Kronig modd.?® They dill exhibit a sharper phase
trangtion for even at higher Ca subdtituting Baiin BaTiOs targets.

The didectric congtant and the tand dependence on the temperaure of the BC125mt
thin films are shown in the figures 9a and b. A diffuse phase trandtion (DPT) behaviour
was obsarved for these thin films while the lower concentration of the Ca doped BaTliOs
thin films showed shap ferrodectric phase trangtion. There was an anomaous decreese
in the tetragona phase trangtion temperature for BC125mt thin films (T, ~268 a 1kHz).
The anomdous decrease in the phase trandtion temperature can be atributed to severa
reesons such as, integranular stresses, ferroelectric domain sizes®? interface between the
substrate and the thin film, possibility of Caf* occupancy in Ti** site and compositional
inhomogenity.**3* From the scaning electron micrograph it is observed that the grain
sze ae quite larger (~45 to 80 nm), thereby ignoring the grain sze effects and only other
possibility is the occupancy of the Ca&* in Ti** ste There are earier reports on the
decrease in the Te to 293K for BapesTii—xCapesxOsx (X =0%5) ceramics and 320K for
the BalTiy_,CayOs._ (y = 0%05) ceramics®®

32b Composition induced phase transformation: The higher concentration of Ca
(Ca>10 a.%) entering the Ba dte, we observed tha it ill holds the norma ferrogectric
behaviour. At the lower concentrations of the Ca entering the Ti ste it was observed to
exhibit a sharper phase trangition, while when the higher Ca enters (Ca> 10 a.%) the Ti
ste, it results in more complexity in the compostiona modification, thereby leading to a
sgnature of reaxor like behaviour in the BCT thin films and eventudly decreasng the
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Figure 9. Temperature dependence of (a) dielectric constant and (b) (tand) of
BC125mt thin films.
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phase trangtion temperature. Assuming the digtribution of the locd trangtion tempera
tures of microregions in a DPT materid, with microscopic compositiond  fluctuations and
on assuming it to be Gaussian around the meen Curie point T, Kirillov and Isupov® have
shown that the

1 01O (T T2d?), )

§e¢ & E:Qa

with 2d is the width of the Gaussan and determines the extent of diffuseness of phase
trangtion. If eb> e, then in the sies expanson, higher than second order can be
neglected yidding g=2. The limiting values g=1 and g=2 reduces the expresson (1) to
the Curie-Weiss law vdid for the case of a normd ferrodectric and to the quadratic
dependence vdid for an ided rdaxor respectively. The quadretic dependence of 1/ef on
temperature has been cdamed to be obeyed by severa materids with diffuse phase
trangtion behaviour. Then g vaue obtaned from a least —squares fit of In((1/€)- (1/eg))
vs In(T - T¢) plot is 1¥8 for the BC125mt thin films and is shown in the figure 10. The
diffuseness of the phase transition can be described by an empirical parameter,®’

DTgitt = Towe (100 HZ) — Teyn (100 HZ), (]

i.e the difference between Tpg (100HZz) (the temperature corresponding to 90% of the
maximum dielectric condant (g,) in the high temperature sde) and Tg, (MaXimum e at
temperature for 100Hz). The cdculated diffuseness DTy for the BC125mt thin films is
T0K.

10 |

1fe=1/
il

10 E " "

Figure 10. Theplot of (1/e-1/eg)vs(T- T¢) of BC125mt thin filmsinlog-log
scale.
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On the other hand, the degree of relaxation behaviour can be described by a parameter.
DTgax = Tem (100 kHZz) — Topn (100 Hz), 3

with Tg, (100kHz) and Tq, (100HZz) denotes the temperaiure a which maximum e was
measured & 100kHz and 100Hz respectivdly. The degree of the relaxation behaviour
measured in BCT12C thin films was 10K. The empiricd characterizations with the
Curie-Weiss law and the edimated parameters (DT,g, DTg# and g show tha the eof the
BC125mt thin films, exhibit a dgnificant diffusveness of the phase trandtion and
frequency dispersion displaying ardaxor like behaviour in Ca-doped BaTiOs thin films.

The BC25mt thin films shows a norma ferodectric behaviour and a norma phase
transition temperature as observed in the BCT targets, indicating that the Ca substitutes in
the Ba site. This shows that the processing — property corrdations are important for BCT
thin films though we do not intend to go in to detall about them in this paper. The smple
substitution of Ca?* and B+ does not generate acharged defect.

In casg, if Ti*" substitutes Ca* in the BaTiOs lattice, it will act as acceptors to trap the
unlocalised eectrons. It gives rise to a doubly charged acceptor centre Caf, which
compensates the oxygen vacancies formed, resulting in the formation of high resigtivity
didectricsas below.

BaO + CaO ® Baga+ Cag +20,+ V& 4

Severd reports exist on the posshility of the Ca subgtituting the Ti ste in the BaTliOs
ceramics, based on the neutron diffraction, Raman spectra and conductivity measure-
ments®3° It is suggested that, whenever (Ba+Ca)/Ti >1, the C&" would be forced to
occupy the Ti** ste In the case of the BC125mt, the diffuse phase trandition were broad
and appeared to be a rdaxor type, which could been possihility of ether the co-existence
of the two phases in therma equilibrium or the occupancy of Ce&* entering Ti** ions in
the BaTliOs thin films, leading to a compositiond and structurd disorder on the symmetry
bresking. This is brought about by differences in vdence (2+ vs 4+) and ionic radii (009
vs 089A) wtich is believed to be responsble for the relaxor behaviour. The diffuse
phase trandtion may arise due to the higher composition of the Ca content entering the B
ste disrupting the dipoles, cregting a higher degree of disorder, thereby inducing relaxor
behaviour. Such behaviour introduces dtructurd randomness, lattice defects, lattice
srains and dtered forces. The symmetry bresking occurs a the nanometer scae leading
to the formation of polar nanodomains which exis wdl above Ty and increasss in sze
on cooling, but never become lage enough to precipitae a long-range-ordered ferro-
dectric sate at Ty

4, Conclusions

Even though extensve research work has been caried out in the fidd of rdaxor materids
both in theoreticd directions as well as in providing experimentd evidences for the
devdopment of theories, yet a complete universa picture of the origin of the reaxor
behaviour is yet to be established. The origin of relaxor behaviour in PMN, PMNT, BCT
has been found to be completely different form the other prototype tungsten bronze
Structure based relaxors.
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Ferrodectric reaxor in thin film form gives rise to ancther open direction for research.
The basc problem aises in the establishment of ferrodectric phase in these thin films.
Variety of techniques has been used to suppress the formation of pyrochlore phase
formation and to enhance the perovskite phase formation. In thin films the reaxor
behaviour has been observed to be greatly influenced by the smdl grain size leading to a
suppression of the relaxor behaviour and broadening of the trandition width. Further, very
few evidences of the theoreticd modds have been found in thin films A future chalenge
liesin providing satisfying answers to the above problems.
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