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Linear and third-order nonlinear dielectric susceptibilities and the dielectric polarization were measured in
6.5/65/35 lanthanum lead zirconate titanate(PLZT) hot-pressed ceramics. On cooling linear dielectric data
show a transition from an ergodic to a nonergodic relaxor phase, while, on heating, a ferroelectric to ergodic
relaxor phase transition appears. The third-order dielectric response is reminiscent of an ergodic to nonergodic
relaxor phase transition. Below the Vogel-Fulcher temperature, at which the longest relaxation time diverges,
spontaneous polarization exists, which indicates the possibility that the sample breaks up at low temperatures
into relaxor glasslike and ferroelectric order–dominated regions at nonzero transition temperatures. Additional
measurements of the quasistatic field-cooled–field-heated dielectric susceptibilities revealed an electric-field–
temperature phase diagram, which confirmed the coexistence of both phases. The dielectric susceptibility at
various bias electrical fields, obtained from polarization data, revealed a field-induced transformation between
the disordered state and ordered ferroelectric state. The results were analyzed in the framework of the spherical
random-bond–random-field model.
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I. INTRODUCTION

Lanthanum doped lead zirconate titanate ceramics
Pb1−xLaxsZryTi1−yd1−x/4O3 sPLZTd, with La content varying
between 4 and 12 at.%, belong to the ferroelectric relaxor
systems.1 Between 4 and 7 at.%, the macroscopic properties
change from normal ferroelectric to relaxor-ferroelectrics
with increasing La content. For lanthanum concentrations
above 7 at.%, these materials show a shift of the frequency
peak maximum of the frequency dependent dielectric permit-
tivity with decreasing temperature, the absence of any mac-
rosymmetry changes, a characteristic slowing of dynamics
according to the Vogel-Fulcher law, and a strong deviation
from Curie-Weiss behavior.2–6

The formation of ferroelectric domains is strongly inhib-
ited as the La content increases and a broad diffuse relaxor-
like dielectric maximum also appears. Substitution of Pb2+

ions by La3+ ions creates vacancies in theA site of the per-
ovskite ABO3 structured ferroelectric PLZT ceramics and
this is believed to break the long-range Coulomb interaction
in the lattice. Between ferroelectrically active oxygen octa-
hedrals containingB-site cations this interaction drives the
formation of spontaneous polarization belowTc. Above a
critical s.7 at. %d La content, the decoupling might be ex-
pected to be sufficiently strong to prevent spontaneous for-
mation of a long-range ferroelectric state with micron-sized
domains. Instead, a state with locally polarized regions on a
nanometer scale is observed.7 It is therefore commonly rec-
ognized that all relaxor materials are highly
inhomogeneous.2,3,8

Polar nanodomain region results because of the above-
mentioned fluctuation of composition and the appearance of
lattice defects due to the method of their preparation(powder

sintering for PLZT materials), which favors chemical hetero-
geneity and residual stress.1 In relaxorlike materials it is be-
lieved that correlations between polar nanodomains and sub-
sequent freezing of polarization fluctuations into a state with
glasslike characteristics at lower temperatures control the ob-
served relaxor behavior.3,4,9,10 These nanopolar regions be-
have like spins “feeling” local electric random fields and
interacting via random bonds.7,11

The ferroelectric phase can only be stabilized in these
glassy relaxor systems by cooling the system with applied
electrical fields of values higher than the critical electrical
field EC, as was shown recently forx/65/35 PLZT relaxors
s7,x,12d,4,11,12 or by mechanical stress.8,12 An external
electrical field can overcome the random local fields in such
a way that a normal ferroelectric phase may be induced. This
transition is often referred to in the literature as the field-
induced micro- to macrodomain transition.2 Thus, when an
electric field is applied, nanodomains will grow in size and
merge to form large polar regions, which results in
macrodomains.13

It was shown that ins6–7d /65/35 PLZT ceramics cooled
in zero electric bias field at low temperatures, regions domi-
nated by both ferroelectric and glassy relaxor states could be
formed. Optical and electrical measurements reported the co-
existence of microsized ferroelectric domains and also nano-
sized glassy polar regions.14–16At room temperature the sizes
of ferroelectric and glassy polar regions in
s6–7d /65/35 PLZT are estimated to be 1–3mm and ap-
proximately 10 nm, respectively.14,16

While most earlier results were either focused on the limit
of low electrical fields17 or on the samples well above 6 at.%
La concentration, i.e., for pure glasslike systems, we have
investigated the dielectric properties of the limiting system
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between the ferroelectric dominated and glassy dominated
La concentrations by linear and nonlinear dielectric experi-
ments. Both point to the coexistence of ferroelectric and re-
laxor phases, in the absence of external bias electrical field.
In addition, the electric-field–temperaturesE−Td phase dia-
gram was determined by quasistatic measurements of the
field-cooled–field-heated(FC/FH) dielectric susceptibilities,
which confirmed the coexistence of both phases.

II. EXPERIMENTAL PROCEDURES

PLZT samples were prepared by a mixed oxide method
starting from high-purity oxidess.99.9 at.%d. After being
hot pressed at 1420 K for 2 h in PbO excess environment,
gold electrodes were sputtered onto the sample by the evapo-
ration technique. Measurements were made on three
6.5/65/35 PLZT ceramic samples with thicknesses from
0.26 mm to 0.32 mm. Complex dielectric permittivity was
measured using a Hewlett-Packard 4282A PrecisionLCR
meter. The amplitude of the ac excitation voltage was 1 V.
Measurements were performed on cooling and heating the
sample between 453 K and 295 K, typically with the rate of
±60 K/h, in several dc bias electrical fields from 0 to
5 kV/cm and in the frequency range between 20 Hz and
1 MHz.

The temperature and the dc field dependence of the effec-
tive quasistatic field-cooled(FC) dielectric susceptibility
xFC=PFCsE,Td /E was determined by cooling(FC) and sub-
sequently heating(FH) an annealed sample, in a dc bias elec-
tric field E, while the corresponding polarization charge was
measured by the Keithley 617 programmable electrometer.18

Since it is well known that history-dependent effects play
an important role in relaxor systems, the samples were an-
nealed at 453 K for 1 h before each measurement, in order to
ensure identical conditions for all measurements and to
eliminate the effects of previous treatments.4,19

A. Results and analysis

The temperature dependence of the dielectric loss factor
tansdd=«19 /«18, obtained on cooling and heating the sample, is
shown in Figs. 1(a) and 1(b). Data taken on cooling differ
from those obtained on heating the sample. While on cooling
the sample from 458 K the dielectric loss factor shows con-
tinuous evolution[Fig. 1(a)]; on heating, this quantity exhib-
its a less discontinuous increase near 412 K[Fig. 1(b)].

It was reported that such behavior could be a consequence
of a space charge field.16 In PLZT ceramics a space charge
field is built up by the redistribution of the defects and/or
space charge. This field is stabilized by coupling with the
spontaneous polarization. An internal field thus helps to in-
duce the ferroelectric state.16 By heating the sample to 473 K
the space charge and the internal field completely disappear.
Therefore on cooling, the internal field is much smaller than
on heating, and consequently a difference in«psTd between
the cooling and heating cycles appears. This means that the
low temperature state, which was reached immediately after
cooling the sample, is not yet in equilibrium and conforms
more to the relaxor glassy state. On further cooling the part

of the sample slowly converts to the long-range ferroelectric
state as the space charge field builds up after the redistribu-
tion of the defects and space charges has taken place. The
redistribution of the defects and space charges via diffusion
have support in the aging effects observed in PLZT system,
which occur below some particular temperature
(ca. 420–470 K in PLZT ceramics, see for instance Ref. 20
and references therein). As the diffusion of the defects is
rather slow at lower temperatures, so are also aging effects
and conversion to longe-range ferroelectric state, which both
could take hours or days. However, the space charge mecha-
nism should only be looked as and an auxiliary mechanism
that helps to convert the system to the ferroelectric order.
This conversion might account for the rather smooth change
in the slope in tansddsTd data near 385 K[see Fig. 1(a)].

It appears that the above conversion to a long-range ferro-
electric state is rather sluggish, so that immediately after
cooling most of the sample ends up actually in a state similar
to the relaxor glassy state. The glassy nature of the state
reached immediately after cooling is also evident from the
analysis of the freezing dynamics. The temperature depen-
dence of the characteristic relaxation frequency obtained
from the temperatures corresponding to the diffuse«9sTd
peaks obtained on cooling obeys the Vogel-Fulcher ansatz

f = f0expf− Ea/sT − TFdg, s1d

with Ea=0.039 eV,f0=132 MHz, and the freezing tempera-
ture TF=360±2 K. Such behavior is characteristic for a
freezing process from an ergodic to a nonergodic relaxor
phase.3,17 The observed dynamics are similar to the glassy

FIG. 1. The dielectric loss factor tansdd as a function of tem-
perature for several measurement frequencies taken on cooling(a)
and heating(b). Both cooling and heating runs were taken in zero
bias electric field.
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dynamics reported for the pure relaxor in zero external bias
field, 9/65/35 PLZT ceramic,4 which does not show ferro-
electric long-range order in zero electric bias fields. Here the
nanoclusters interact through random bonds in the environ-
ment of random fields.

In 6.5/65/35 PLZT ceramics, due to the gradual growth
of the polar nanoregions in the relaxor phase on cooling and
due to the decreasing thermally activated reorientation of the
polarization in nanoregions, the correlation between the nan-
oregions increases. Consequently the size of the polar re-
gions also increases with time.16 Thus a similar time depen-
dence was observed21,22in measurements of the ferroelectric
hysteresis loop at room temperature. However, the predomi-
nant broad glassy relaxor dielectric response which persists
in the whole temperature range indicate that the ferroelectric
phase is probably stabilized in only a very small fraction of
the sample. Moreover, Daiet al. reported15 the detection of
both polar nanocluster state and micrometer-sized ferroelec-
tric domain state, using x-ray diffraction, i.e., the coexistence
of both relaxor and ferroelectric phases at room temperature.
Indeed it seems that the system properties based on our data
conforms to the case of the relatively spatialy large corre-
lated ferroelectric regions in the presence of a large volume
of unconverted glassy polar nanoclusters.

In contrast to the response obtained on cooling, a rather
sharp change of slope in the dielectric loss factor is seen on
heating at 412 K[Fig. 1(b)]. The sharpness of the change of
slope and the transition temperature hysteresis are indica-
tions of the weakly first order nature of the transition in
which the ferroelectric part of the samples converts to the
ergodic relaxor state.12,23Recent investigations, involving di-
electric hysteresis and x-ray diffraction measurements, sup-
port the above idea that a spontaneous ferroelectric to er-
godic relaxor phase transition takes place at this
temperature.15,16 The space charge field which helped to in-
duce the ferroelectric state gradually disappears with increas-
ing temperature, thus allowing the thermal fluctuations to
destroy the long-range correlations between micro domains.
A broad dielectric maximum is seen at 445 K in the real and
imaginary part of the complex permitivity. This maximum
was shown to be purely of dynamic origin.3,4 Whenever the
longest relaxation time of the system exceeds the experimen-
tal time scale, the measured dielectric constant starts to de-
viate from the static response, resulting in a broad peak at a
temperature which depends on the measuring frequency. An
additional indication of the sluggish conversion from the re-
laxor to the ferroelectric phase is given by the dynamic mea-
surements of the third harmonic nonlinear dielectric response
u«3u.24

It was shown recently that the static dielectric nonlinearity

ua3u = ux3u/x1
4 s2d

in zero bias electric field(ZFC) could reveal the universality
class of the system under study.4,25,26According to Kutnjak
et al.,4 ua3u should decrease continuously through the glassy
relaxor to ferroelectric phase transition or rather steeply in-
crease in the case of the ergodic relaxor to nonergodic re-
laxor phase transition. It was shown recently that a different
response should be expected in these systems in the case of

FC measurements.27 Thus, due to the nearly critical nature
of these systems, an external field strongly modulates inter-
cluster coupling which strongly influences the temperature
dependence ofua3uFC obtained in an FC experiment.27,28 In
order to verify the temperature dependence ofa3

FC, the di-
electric polarizationPFC was measured at various static ex-
ternal fieldsE. The quasistatic third order nonlinear dielectric
coefficientx3

FC [see Fig. 2(a)] was then calculated from

x3
FC =

xFCsE2d − xFCsE1d
E2

2 − E1
2 , s3d

where E1=3.5 kV/cm andE2=13.8 kV/cm. In contrast to
the dynamic results24 the a3

FCsTd shown in Fig. 2(b) re-
sembles more the response expected for ferroelectrics as
would be expected in an applied bias electric field.27 It
should be mentioned that both quantitiesx3

FC anda3
FC shown

in Figs. 2(a) and 2(b) exceeds previously published values
obtained in glassy relaxor systems such as PMN single crys-
tal and 9/65/35 PLZT ceramics27,28 by a three orders of
magnitude. The reason for this could be the existence of
larger ferroelectric domains at low temperatures, which sig-
nificantly contribute to the dielectric nonlinearity via the do-
main wall motion mechanism. The dynamic24 and quasistatic
nonlinear results show that the aforementioned relaxor mate-
rials exhibit a class of nonlinear behavior different from that
found in dipolar glasses or ferroelectric materials.27,28

Quasistatic measurements of the FC/FH effective dielec-
tric polarization response at several different dc fields ob-
tained with 6.5/65/35 PLZT ceramics are shown in Fig. 3.
Results are very similar to those obtained previously at simi-

FIG. 2. (a) The total static third order nonlinear dielectric sus-
ceptibility x3 as a function of temperature and(b) the temperature
dependence of the quasistatic nonlinearityua3u measured on cooling.
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lar fields on glassy ferroelectric-relaxor(8-9)/65/35 PLZT
ceramics4,9,29 and on PMN relaxor.27 In particular, the FC
dielectric susceptibility increases very sharply with decreas-
ing temperature and nearly saturates at lower temperatures.
This rather sharp increase corresponds to the relaxor-to-
ferroelectric conversion, which takes place even in a zero-
field cooled run. It can be seen, as previously described, as a
steplike anomaly in the dielectric loss on heating[Fig. 1(b)].

Again hysteresis is observed(Fig. 3) between FC and FH
quasistatic dielectric polarizations in the temperature range
around the ferroelectric transition.

Figure 4 shows the field dependence of the FC quasistatic
dielectric polarization deduced from different FC scans(Fig.
3) obtained at various dc electrical fields.29 After an approxi-
mately linear regime, the polarization saturates in an almost
field-independent plateau. This plateau corresponds to the
spontaneous polarizationPS, which reaches a value of nearly
0.37 As/m2 at low temperatures.

From polarization data(Fig. 4), a spontaneous polariza-
tion PS at different temperatures can be obtained(see Fig. 5).
A tentative fit to the critical ansatzPS=sT−Tcdb gives rather
small value of theb=0.15(see solid line in Fig. 5). This can
be explained as an artifact of the smeared weakly first or-
dered transition, which results in a steeper rise of thePS, thus
effectively suppressing the critical exponentb.

It should also be noted thatPS vanishes at the same tem-
perature at which the pyroelectric current exhibits a sharp
peak(Fig. 6). The pyroelectric currents were calculated from
the derivatives of thePFC/FHsTd data (Fig. 3). This allows
determination of the ergodic relaxor to ferroelectricsTcd tran-
sition temperatures from the temperature positions of the py-
roelectric current peaks(Fig. 6).

From measurements of the spontaneous polarization a de-
rivative corresponding to the effective susceptibilityx1
=dP/dE was calculated at each measured value of bias elec-
trical field and particular temperature. Subsequently each of
these susceptibility values was drawn for each temperature at
which they were calculated in order to obtain the suscepti-
bility graph for different values of bias electrical fields.x1 so

FIG. 3. Temperature dependence of FC/FH effective dielectric
polarizationP, measured at different bias external fields. Arrows
indicate a heating and cooling run.

FIG. 4. Dielectric polarization measured on cooling at different
temperatures and different electrical fields. The value of spontane-
ous polarization at 300 K is also shown.

FIG. 5. Spontaneous polarization as a function of temperature at
E=3 kV/cm. The solid line represents a tentative fit of measured
data toPS=sT−Tcdb, whereTc=412 K andb=0.15.

FIG. 6. Rescaled pyroelectric current peaks proportional to the
dP/dT obtained at different bias external electrical fields for(a)
cooling and(b) heating run.
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obtained and presented in Fig. 7 resembles features typical of
the inhomogeneous ferroelectric transition. In particular, the
broad smeared peaks(Fig. 7) correspond to the smeared soft
mode anomaly, typically observed at a ferroelectric transi-
tion. These peaks appear at the temperatures at which the
pyroelectric current exhibits peak anomalies, that is, at the
ferroelectric transition points at which the polarization ex-
hibit strong changes.

Furthermore, the FC susceptibility curve corresponding to
the particular value of the dc electric field saturates at lower
temperatures, typically at rather larger plateau values, instead
of decreasing back to small values similar to those above the
peak anomaly. With the increasing dc electric field the peak
anomalies become more pronounced while the low tempera-
ture plateau values decrease. This behavior is reminiscent of
the domain wall motion effects typically observed in ferro-
electrics which usually results in a strong deviation from the
Curie-Weiss behavior or even saturation of susceptibility val-
ues below the ferroelectric transition temperature. This in
turn agrees with the idea that, with increasing dc electric
field, part of the sample becomes more and more ferroelec-
triclike with growing domains.

On the other hand, analysis of the frequency-dependent
complex dielectric constant(Fig. 8) reveals that, in small
bias electrical fields, part of the sample still freezes into the
glasslike nonergodic relaxor state, even below the RF transi-
tion temperature. The freezing transition temperatureTF of
this glassy relaxor state is shown as a function of the bias
electric field in Fig. 9(b). Here, the temperature dependence
of the characteristic relaxation frequency determined from
the temperature positions of the diffuse imaginary dielectric
peaks obtained at different bias electrical fields(inset to Fig.
8) obeys the Vogel-Fulcher ansatz[Eq. (1)] with the freezing
temperatureTF now strongly dependent on the bias electric
field. The susceptibility anomalies could also be used to es-
tablish the phase transition temperatures and thus theE−T
phase diagram. In zero bias electric field the ferroelectric
phase transition temperature was found to be 383 K on cool-
ing and 413 K on heating, while on increasing the bias elec-
tric field, a nearly linear increase in ergodic relaxor to ferro-
electric (RF) phase transition temperature was observed
(+11 K per 1 kV/cm on cooling) (Fig. 9).

Furthermore, temperature positions of the diffuse peaks of
the imaginary part of the dielectric constant become almost
frequency independent, as one would expect for the critical
slowing down in the vicinity of the ferroelectric phase tran-
sition. This is reflected in very steep curves for the tempera-
ture dependence of the characteristic relaxation frequency
[inset to Fig. 8(b)], which become more and more activated-
like as more and more of the sample converts to the ordered
ferroelectric state with the increasing external bias electrical
field. It appears that, at much larger electric bias field, a
ferroelectric state would be dominant, as relaxor polar nan-
oregions would tend to convert into ferroelectric micron-
sized domains. In this case, a sharper first order ferroelectric
phase transition exhibiting a divergence in the dielectric re-
sponse should be seen and an additional critical-slowing-
down anomaly should appear in the Arrhenius temperature
dependence of the characteristic relaxation frequency.

III. THEORY

It has been shown that the SRBRF model7,30 can be used
to describe the transition from ergodic to nonergodic relaxor
phase or even the field-induced transition from ergodic re-
laxor phase to ferroelectric phase.11,12 The Hamiltonian is
written in the form

FIG. 7. Effective dielectric susceptibility as a function of tem-
perature at various bias electrical fields, obtained from spontaneous
polarization data on cooling.

FIG. 8. Imaginary part of the linear dielectric constant as a
function of the temperature on cooling in a zero bias electric field
(a) and in E=5 kV/cm (b). The inset shows the characteristic re-
laxation frequency as a function of the inverse temperature in zero
bias electric field and inE=5 kV/cm.

DIELECTRIC PROPERTIES OF PARTIALLY… PHYSICAL REVIEW B 69, 224208(2004)

224208-5



H = −
1

2o
i j

JijSiSj − o
i

hiSi − wgo
i

ESi , s4d

whereSi is a scalar order parameter field, related to the di-
pole moment of theith polar cluster. Random bondsJij are
characterized by the mean value of the couplingJ0/N and the
varianceJ2/N and random fieldshi are characterized by the
varianceD. Electric field,E, influence is scaled with average
cluster dipole momentg, andw is the local field factor. Cal-
culation of the average free energy yields equations for the
spherical glass order parameterq and polarizationP in the
form12,27,28

q = b2J2sq + D /J2ds1 − qd2 + P2, s5d

P = bs1 − qdsJ0P + wgEd. s6d

The above dimensionless equations could be rescaled by in-

troducingP̃=rP so that standard metric units apply, i.e.,P̃,

b=1/kT, J, are given in As/m2, 1/J, J, respectively. Here
parameterr is related to the sample-dependent volume den-
sity of dipoles and translates the dimensionlessP to the mac-

roscopic polarizationP̃. The ferroelectric phase exists only if
J0.J0c, where the critical value is given27,30 by J0c

=ÎJ2+D. In order to describe the change from a glassy phase
to a ferroelectric one in an electric fieldE, the field-
dependent parameterJ0sEd was recently introduced12

J0 = ÎJ2 + D + gE2, s7d

which provided rather well a quantitative phenomenological
description of the E−T phase diagram of relaxor
ferroelectrics.12 Hereg is a free parameter.

Nonlinear least square fits of the above equations to our
data yieldqsE,Td and PsE,Td (solid lines in Fig. 10), with
typical free fitting parameters(see Table I).

It should be noted that the SRBRF fits are quantitatively
well at lower electric fields, while at higher electrical fields
deviations start to appear at lower temperatures and conse-
quently susceptibility peaks start to deviate from RF tem-
peratures as an artifact of the poor fit. These low temperature
deviations could be due to the fact that at higher electrical
fields the conversion to the ferroelectric phase is more com-
plex than could be described by our model and perhaps ad-
ditional higher order terms for electrical field influence
should be incorporated. The effects of impurities and pinning
effects could also play an important role not incorporated in
our model.

FIG. 9. (a) Relaxor to ferroelectric transition temperatureTFE on
heating and(b) on cooling together with freezing transition tem-
peratureTF as a function of the electric field.

FIG. 10. FC dielectric polarization as a function of temperature
at various bias electrical fields. Solid lines represent fits to Eqs.
(5)–(7).

TABLE I. Fit parameters for Eqs.(5)–(7) obtained from nonlinear least square fits to dielectric polariza-
tion data(see Fig. 10).

E sV/cmd 100 450 1000 4000

J/k sKd 398 400 406 419

D /J2 0.0009 0.034 0.16 0.24

g /k sm2 K/V 2d 9.8310−10 2.4310−8 1.0310−8 8.9310−10

wg/k smK/Vd 1.4310−5 3.7310−6 3.7310−7 3.4310−7

r sAs/m2d 1.15 1.16 1.15 1.10
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The experimental behavior of the spherical glass order
parameterqsE,Td so determined is shown in Fig. 11. Its
value gradually approaches zero with increasing temperature,
in accordance with SRBRF model predictions in the pres-
ence of weak random fields. Increasing the electric bias field
increases the phase transition temperatures(seeE−T phase
diagram in Fig. 9) and enhances ordering effects, hence the
larger values ofq at all temperatures. The dielectric suscep-
tibility

x1
FCsE,Td = ] P/] E, s8d

was calculated using Eqs.(5) and (7) and the fitting param-
eters in Table I(see Fig. 12).

Calculated susceptibility curves at larger bias electrical
fields in Fig. 12 qualitatively resemble those obtained experi-
mentally in Fig. 7, with the soft mode related susceptibility
peaks which gradually shift toward higher temperatures as
the RF transition temperature increases with increasing bias
field, indicating that the SRBRF model can indeed qualita-
tively account for the main features observed at the RF tran-
sition.

Figure 13 showsx3
FC anda3

FC calculated from28

x3sE,Td = − s1/6d]3P/] E3, s9d

and Eq.(2), by using the fitting parameters in Table I.
Both calculated quantitiesx3

FC and a3
FC in Fig. 13 agree

qualitatively with the observed behavior ofx3
FC anda3

FC [see
Figs. 2(a) and 2(b)].

IV. CONCLUSIONS

Measurements of the linear and nonlinear dielectric re-
sponse show that in 6.5/65/35 PLZT hot-pressed ceramics,
on cooling in zero bias electric field, the ergodic to noner-
godic relaxor phase transition occurs at 360±2 K. A slow
conversion from the relaxor state to the microdomain ferro-
electric state takes place at low temperatures. As a conse-
quence, the spontaneous transition from the ferroelectric to
the ergodic relaxor phase could be monitored at 412 K on
heating the sample. However, the presence of the soft mode
anomaly in the linear dielectric susceptibility and the slow-
ing dynamics according to the Vogel-Fulcher law, as well as
the temperature dependence of the dielectric nonlinearity
ua3u, show that both relaxor glasslike and ferroelectric order
dominated regions coexist at low temperatures.

The E-T phase diagram, deduced from Vogel-Fulcher
temperatures and pyroelectric current data, show for both
relaxor and ferroelectric states increase of the transition tem-
peratures with increasing bias electric field. The coexistence
of multidomain states in PLZT 6.5/65/35 is most probably
stabilized by a random distribution of local fields. Additional
measurements of the complex dielectric constant and FC/FH
quasistatic dielectric polarization in bias electrical field show

FIG. 11. Spherical glass order parameter obtained from polar-
ization measurements by using Eqs.(5) and (6) as a function of
temperature at two different bias electrical fields.

FIG. 12. Dielectric susceptibility as a function of temperature at
various bias electrical fields(compare to Fig. 7) calculated from Eq.
(8) by using parameters obtained from SRBRF fits of spontaneous
polarization(see Fig. 10).

FIG. 13. Calculated temperature dependence of(a) x3sTd and
(b) a3sTd on cooling obtained from Eqs.(9) and (2) using param-
eters in Table I.
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that nanoscale polar regions slowly grow with increasing
bias field to the ordered ferroelectric microdomains.

The linear dielectric response at larger values of the bias
electric field resembles a soft mode anomaly, similar to the
response one would expect near the inhomogeneous ferro-
electric transition. It is shown that the extended SRBRF
model12,28 could provide rather well a qualitative description

of the electric-field-induced dielectric features including the
E-T phase diagram.
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