ELSEVIER

Available online at www.sciencedirect.com

SciVerse ScienceDirect

Journal of the European Ceramic Society 32 (2012) 1659-1665

ELRRS

www.elsevier.com/locate/jeurceramsoc

Influence of Mn-doping on phase transition characteristics and relaxor
behaviour of lead lanthanum zirconate titanate ceramics

E. Pérez-Delfin®?, J.E. Garcia®*, A. Vega-Garcia®, F. Guerrero®, J.A. Eiras?

2 Department of Physics, Universidade Federal de Sdo Carlos, 13565-905 Sao Carlos-SP, Brazil
b Department of Physics, Universidad de Oriente, Patricio Lumumba s/n, 90500 Santiago de Cuba, Cuba
¢ Department of Applied Physics, Universitat Politécnica de Catalunya, 08034 Barcelona, Spain

Received 13 October 2011; received in revised form 17 December 2011; accepted 21 December 2011
Available online 18 January 2012

Abstract

Changes in dielectric response features of lead lanthanum zirconate titanate (PLZT) ceramics by manganese addition are reported in the present
work. Both the PLZT relaxor behaviour and the frequency dependence of the room temperature dielectric constant are shown to be suppressed by
the addition of manganese. Similar results are obtained by applying a bias external field or by chemical reduction of PLZT samples, thus indicating
the presence of an interrelationship between oxygen vacancies and the random ‘bias’ electric field. Consequently, the defects created by oxygen
vacancies appear as the most important factor causing the disappearance of relaxor behaviour in Mn-doped PLZT ceramics. No modifications in
the diffuse phase transition with the manganese content are found, which may be due to the persistence of compositional disorder. Additionally, it
was verified that the spin glass model cannot be used to describe these observed effects.

© 2012 Elsevier Ltd. All rights reserved.
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1. Introduction

Over the last four decades, lanthanum-modified lead zir-
conate titanate solid solutions (PLZT) have been extensively
investigated for their excellent properties and technologic
relevance.! PLZT has been shown to be useful in many
applications such as dynamical and volatile memory compo-
nents, transducers, sensors and many other active and passive
devices.>™* Particularly, (Pbg.o1Lag09)(Zrg5Tio.35)O3 ceram-
ics, the so-called PLZT (9/65/35), is well-known for its high
optical transparency and good electro-optical characteristics.’

The (Pb,La)(Zr,Ti)O3 system has a perovskite-type
(ABO3) structure. These materials are characterised by a
ferroelectric—paraelectric diffuse phase transition with relaxor
character.® Cation vacancies are created to maintain the charge
neutrality due to La*™® incorporation onto the PZT structure,
producing a mixture of both A and B vacant sites. It is very
important to elucidate clearly the type of defects involved
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in a given relaxor material, because the normal-to-relaxor
transitions are directly related to the chemical/structural defects
that act to break the translational invariance of the polarisation.”

Many models have been developed to explain the relaxor
behaviour with diffuse phase transition of ferroelectric
materials.3"!% The compositional disorder, i.e. disorder in the
arrangement of different ions on crystallographically equivalent
sites, is a common feature of relaxors. The relaxor behaviour was
first observed in perovskites with non-isovalent ions disorder,
e.g. Pb(Mg;/3Nby3)03 (PMN).9 The compositional fluctuation
model was developed by Smolenskii et al.” This model assumes
that polar nano-regions (PNRs) have different chemical com-
positions as a result of the different location of ions onto A
and B sites. In the vicinity of ferroelectric phase transition, a
relaxor is characterised by a set of PNRs chaotically arranged in
the crystal. Thus, relaxation processes coming from dynamics
of PNRs govern crystal properties. Since there is composi-
tional disorder, spatial fluctuations of local Curie temperature
appear. Cross'” extend this model, associating relaxor behaviour
to thermally activated super-paraelectric clusters. This model
supposes that the dynamics of polar clusters, based on compo-
sitional fluctuations, determine the frequency dispersion of the
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Fig. 1. SEM micrographs for (A) non-doped PLZT and (B) 3 wt.% MnO; doped PLZT samples.

permittivity. Moreover, Viehland et al.!! showed that the cooper-
ative interactions together with super-paraelectric clusters may
produce spin-glass behaviour. On the other hand, Westphal
et al.'? linked the diffuseness of the ferroelectric phase transi-
tion to quenched random electric fields originating from charged
compositional fluctuations. Furthermore, Glinchuk and Farhil3
showed an order—disorder transition based on the random field
theory. These authors conclude that the random polar sites
are submerged in a highly polarisable receptor lattice and the
dipole—dipole interactions are indirect and random. Meanwhile,
Qian and Busill'* have analysed an arbitrary field influence on
dynamics and formation of polar clusters, which may originate
in the nanometric chemical defects. The Glazounov and Tagant-
sev model, !> called “breathing model”, consider the boundary
or limit vibration of the polar nano-regions in terms of the inter-
phase randomly fixed theory, developed for magnetic materials.

It has recently been observed that addition of MnO; to PZT
solid solution tends to increase the mechanical quality factor
and the electromechanical coupling factor, while decreasing
the tetragonality. In addition, many interesting modifications
in the dielectric response have been reported.'® Furthermore,
it is known that co-doping with softener (La3*) and hardener
(Fe** and Mn>") ions enhances the dielectric properties of PZT
based materials.!” On the other hand, it is also known that Mn%*
addition onto B-site of the PLZT structure produces oxygen
vacancies according to the Pauling’s rules.!'

The relaxor-to-normal dielectric behaviour in the Mn-doped
PLZT system still remains unclear. In spite of the many models
developed, there is no accurate explanation for the relaxor-to-
normal crossover phenomena. In this context, the present work

Table 1
Theoretical, absolute and relative densities of non-doped and Mn-doped PLZT
samples.

Samples Theoretical Absolute density Relative density (%)
density (g/cm?) (g/em?)

PLZT 7.14 6.85 96.0

PLZT-1Mn 7.58 7.24 95.5

PLZT-2Mn 7.62 7.30 95.8

PLZT-3Mn 7.62 7.28 95.6

aims to study the influence of manganese addition on phase tran-
sition characteristics and relaxor behaviour of PLZT ceramics.
The dielectric response for non-doped and Mn-doped PLZT is
analysed in the frequency and temperature domain. The changes
in the diffuse phase transition and relaxor character by the addi-
tion of manganese are discussed.

2. Materials and methods

Pbo.91Lag.09(Zro.65,Tig.35)03 + xMnO; (x=0; 1; 2; 3 wt.%)
powders, hereafter referred to as PLZT (for x =0) or PLZT-xMn
(for x # 0), were prepared by the conventional mixed oxide
method. The oxides weighed according to the stoichiometry
were mixed by ball milling in distilled water for 20 h. The slurry
was dried and calcined in a covered alumina crucible at 850 °C
for 3.5h. Ceramic bodies were then formed by isostatic press
and fired at 1250 °C for 5h. Densities were measured accord-
ing to Archimedes’ method. The obtained values are reported
in Table 1. As it can be observed, densities of all fired ceram-
ics were over 95% of their theoretical values. Disk-like ceramic
bodies were polished to ensure parallel surfaces on which silver
electrodes were deposited by sputtering.

Room temperature X-ray diffraction (XRD) patterns for non-
doped and Mn-doped PLZT samples were collected using a
Rigaku diffractometer with CuKa radiation for 26 from 20° to
60° at 2°/min. Results revealed single-phase compounds with
orthorhombic perovskite structure. Morphological study was
performed by scanning electronic microscopy (SEM) with a
JEOL instrument model JSM 5800 LV. SEM micrographs of pol-
ished and thermally etched surfaces of PLZT and PLZT-3Mn
samples are shown in Fig. 1. The results reveal samples with a
high density and low porosity. The statistical distribution of grain
size was determined from SEM micrograph, for all the studied
samples. Grain size as a function of manganese content is dis-
played in Fig. 2, where no significant differences in grain size are
observed. EPR measurements were carried out using a Bruker
ESP300E spectrometer operating in the X-band. Results con-
firm that the majority of manganese behaves like Mn?*, which
is in agreement with that reported by Glinchuk et al.'® for PLZT
with different lanthanum concentrations.
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Fig. 2. Grain size as a function of the manganese content for non-doped and
Mn-doped PLZT ceramics. The solid line is only a guide for the eye.

The impedance spectroscopy technique was used to obtain the
dielectric response of the studied materials as a function of tem-
perature and frequency. Admittance values were obtained from
measurements performed in a HP4194A impedance analyzer.
The frequency and temperature ranges of the measurements
were 100 Hz-10 MHz and 15-700 K, respectively. All measure-
ments were running at a heating and cooling rate of 2 K/min.
The real and imaginary parts of dielectric permittivity were
computed from the imaginary (susceptance, B) and real (con-
ductance, G) parts of the complex admittance, respectively.

3. Results and discussion
3.1. Phase transition characteristics

Fig. 3 shows the temperature dependence of the real (¢") and
imaginary (¢”) dielectric permittivity for non-doped and Mn-
doped PLZT samples. For non-doped PLZT ceramic (Fig. 3(a)),
an expected relaxor-like behaviour is observed. The temperature
T, corresponding to the maximum value of dielectric constant
(¢],), shifts to higher values, from 389K to 404 K, in the fre-
quency range from 1kHz to 1 MHz. On the other hand, the
temperature corresponding to the ¢” maximum (g} shifts to
lower values, from 349 K to 380 K. Values of Ty, are summarised
in Table 2.

An evolution in dielectric properties and phase transition
temperatures by Mn addition can be verified in Figs. 3(b),
(c), and (d) for 1 wt.% Mn-doped PLZT (PLZT-1Mn), 2 wt.%
Mn-doped PLZT (PLZT-2Mn) and 3 wt.% Mn-doped PLZT
(PLZT-3Mn) ceramics, respectively. Permittivity values and
transition temperatures for all studied materials are reported in
Table 2. Lower permittivity values are obtained for Mn-doped
samples compared with the non-doped sample. The transition
temperature shift (ATy,) values present no regularity in either
er, or gi, although in Mn-doped samples they are lower than
in non-doped samples. As may be appreciated, the value of
el for non-doped PLZT is higher than the value reported by
Mohiddon et al. 2 (&}, = 1758) for PZT (65/35) ceramic. This
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Fig. 3. Temperature dependence of the real ¢’ and imaginary &” parts of the per-
mittivity for non-doped and Mn-doped PLZT ceramics, at several frequencies.
Diffuse phase transition is observed for all studied materials. In addition, typical
relaxor behaviour is shown for non-doped PLZT.

increase in the dielectric constant can be attributed to the fact
that La3* doping increases the dielectric constant by creating A-
site vacancies in the PZT lattice, thereby facilitating the motion
of the ferroelectric domain walls. When the temperature rises,
the lattice vibrations and the interaction between the vacan-
cies also increase, which may be the cause for the increase
in ¢/, and the corresponding Tpy value.?! In the same way, it
may be observed that room temperature dielectric constant val-
ues decrease as manganese content rises, as can be verified in
Table 2. This effect can be explained by taking into account

Table 2
Values of some dielectric properties and phase transition parameters obtained
from dielectric permittivity versus temperature curves, at 1 MHz.

PLZT PLZT-1Mn PLZT-2Mn PLZT-3Mn
& 7204 4348 4342 4170
&l 384 142 30 101
gt 2640 1430 1350 1250
gt 149 53 25 30
T (K) 404 420 432 440
Toner (K) 374 395 425 439
AT (K)P 14 6 9 5
ATy (K)P 62 12 31 11
Tc (K) 482 491 490 494
C (10°K) 3.3 1,3 1,3 1.4

 Values at room temperature.
> ATm=Tn (10MHz)-T;, (100 Hz).
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Fig. 4. Real and imaginary dielectric permittivity maximum as a function of
manganese content, measured at 1 MHz. Solid lines are only a guide for the eye.

that Mn>* onto B-site substitution provokes oxygen vacancies
in the structure. These vacancies are sufficiently mobile to form
complex defects to pining the domain walls, thereby reduc-
ing their mobility.?>?3 Domain wall motion reduction decreases
the extrinsic response, so room temperature dielectric response
decreases as manganese content rises. This interpretation has
recently been used to explain the stabilisation of the dielectric
and piezoelectric responses in Mn-doped PLZT.?*

Fig. 4 shows the dependence of the dielectric permittivity
maximum (real and imaginary parts) with the manganese con-
tent, at f=1MHz. As can be seen, the dielectric permittivity
maximum decreases for Mn-doped PLZT compared to the value
for non-doped PLZT. This may be due to two factors: (1) dif-
ferences in ionic radii between B-site ions and manganese ion;
(2) random electric field formation because of charge imbalance
in the PLZT structure. The observed increase in the value of ¢/,
for PLZT-3Mn related to PLZT-1Mn and PLZT-2Mn can be
explained by taking into account the experimented frequency
inversion by imaginary dielectric permittivity for PLZT-3Mn
(see Fig. 3).

Itis well known that the distance between oxygen ions and the
Mn?* ion (1.790 A) is smaller than the Ti—O distance (1.815 A)
or the Zr-O distance (1.937 10\).25 So, substitution of Zr** or
Ti** by Mn?* leads to shrinkage of crystal cells.2¢ If the Mn?*
content is increased, then the number of shrunk crystal cells in
Mn-doped PLZT increases, and ultimately the local shrinkage
of 3% Mn-doped PLZT compound is most severe. This crystal
cell shrinkage could decrease the dipolar moment magnitude,
leading to a decreasing in the maximum permittivity. Further-
more, it is well known that the manganese addition causes an
additional charge imbalance, which may generate a strong and
randomly distributed dc electric field. Viehland et al.>’ report
that with the increment of dc external electric field the PMN
dielectric values decrease significantly, while Ty, is increased.

To evaluate the influence of the manganese on the phase
transition, a modified Curie-Weiss equation is used?0:

Em

TS Taaf v

where e represents the maximum dielectric constant and
Tm the temperature at which this maximum occurs. The
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Fig. 5. Diffusivity exponent & and diffusivity coefficient A as a function of
manganese content, calculated at f=1MHz. Solid lines are only a guide for the
eye.

parameter A is a measure of the pick width and is considered
the diffusivity coefficient. The exponent &, called the diffusivity
exponent, indicates the character of the phase transition. In fact,
&=1 indicates a ‘normal’ ferroelectric phase transition, which
is described by the approach proposed in Landau—Devonshire
theory for ferroelectric phase transitions (first or second order
phase transitions), while the value £ =2 represents a so-called
‘complete’ diffuse phase transition (DPT), verified in the theo-
retical limit of the Kirilov—Isupov approximation. Additionally,
a & value between these limits (1 <& <2) indicates a so-called
‘incomplete’ DPT, where the interaction between ferroelectric
clusters is considered.?8-3!

Fig. 5 shows the dependence of the diffusivity parameters &
and A as a function of manganese content, at f=1MHz. The
parameter A shows no significant differences between non-
doped and Mn-doped PLZT samples. The values are in the range
of 82-85 (a difference of less than 5%). In the same way, the
parameter £ displays no significant difference either (a difference
of less than 8%). The & values between 1.8 and 2.0 are charac-
teristic of the broadened peaks observed in Fig. 3. Moreover,
these values indicate that phase transition should be classified
as incomplete DPT for all studied materials.

It has recently been reported for multiferroic perovskite PFW
that the value A increases with the addition of manganese.’?
However, in our results the addition of manganese causes no
changes in the phase transition diffusivity. Likewise, no tendency
is observed in either A or & parameters for Mn-doped PLZT sys-
tems. These results suggest that A-site disorders caused by La3*
doping are responsible for the diffuse phase transition observed
in all evaluated samples.

A diffuse phase transition in ferroelectrics occurs as a con-
sequence of a structural disorder that breaks the translational
invariance of the lattice. The type of diffuseness observed
depends both on the nature and scale of the structural disor-
der. Impurities, point defects, extended defects, incomplete or
inhomogeneous cation ordering, macroscopic fluctuations in
chemical composition, etc., can lead to the smearing of the
ferroelectric phase transition.?’” The broadening of the phase
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transition peaks is an important characteristic of a disordered
perovskite structure. Here, this effect can be attributed to the dis-
order in the arrangement of cations at A-site, occupied by Pb>*
and La3*, and B-site, occupied by Mn?*, Zr** and Ti**, and lat-
tice vacancies, leading to local compositional fluctuations. Thus,
a Curie point distribution is generated.33*

3.2. Relaxor behaviour

As can be seen in Fig. 3(a), at temperatures below the tran-
sition temperature (T< Ty,), the real permittivity ¢’ undergoes a
strong frequency dispersion for the PLZT sample. However, at
temperatures above the transition temperature (7> T, ), no fre-
quency dependence of the ¢’ is observed. This is typical relaxor
behaviour, as has been extensively reported.>> Moreover, it is
possible to observe that frequency dispersion decreases as man-
ganese content rises, disappearing for PLZT-3Mn. Fig. 6(a)
shows the frequency dependence of real permittivity for non-
doped and Mn-doped PLZT ceramics, at room temperature. It
is clearly seen that ¢’ depends linearly on the logarithmic of the
frequency, as has been reported elsewhere.’® However, depen-
dence decreases significantly as manganese content increases,
¢ becoming nearly frequency independent for PLZT-2Mn
and PLZT-3Mn compounds, as happens to PLZT at low
temperatures.>’ On the other hand, Fig. 6(b) shows the frequency
dependence of temperature of the real permittivity maximum. In
this case, it is also verified that the frequency dependence of Ty,
is strongly suppressed as manganese content increases.
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Fig. 7. Linear fit slope as a function of an external ‘bias’ electric field and as a
function of the manganese content for non-doped and Mn-doped PLZT ceramics,
respectively. The value for areduced PLZT sample is also shown. Linear fit slope
values were obtained from room temperature real permittivity versus frequency
logarithm plots.

The observed behaviour indicates a possible lack of the PLZT
relaxor character by manganese doping. It is well known that the
PLZT relaxor behaviour degree depends on the La content.® For
PLZT systems, the ferroelectric long-range order (LRO) is bro-
ken by La3* ions with excess of A-site vacancies, which results
in the formation of polar nano-regions (PNRs) rather than the
establishment of the LRO ferroelectric state. Structural disorder
and charge imbalance are regarded as being the origin of the
relaxor properties. Thus, from the appearance of dynamic local
PNRs, it becomes evident that PNRs are generally related to the
origin of the relaxor properties.3® However, the disappearance of
the frequency dispersion seems to be caused by the manganese
content in the Mn-doped PLZT ceramics. A possible explana-
tion of this effect is the appearance of a random ‘bias’ electric
field due to the presence of manganese in the PLZT structure.
Hence, the potential barrier that can be overcome by the dipoles
is enhanced. Since the relaxation time of many dipoles is equal
to or higher than the ‘observation’ time, they become slow or
frozen dipoles. These dipoles therefore do not contribute to the
dielectric response. When the ‘bias’ electric field is increased,
the slow dipole proportion also increases. As a consequence, the
PNRs became macroscopic regions and the polarisation orien-
tation mechanisms of the relaxor are shut down, as is reported
for other relaxors.?® Furthermore, the ‘bias’ electric field gen-
erated by the manganese addition may exert an influence on
the domain wall mobility, thereby decreasing its contribution to
the ac electric field dielectric response. Additionally, it is well
known that substitution of Mn?* onto B-site creates oxygen
vacancies, which results in the formation of complex defects.
These defects act as pinning centre leading to reduce domain
wall motion, which in turn influences the relaxor behaviour.*°
The increase of oxygen vacancy by Mn doping in PLZT could
also contribute to the random-field effect.

Fig. 7 shows the manganese content and ‘bias’ electric field
dependences of the linear fit slope, computed from the depen-
dence of &’ with the frequency logarithm (Fig. 6(a)). The linear
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fit slope for non-doped PLZT sample is assumed as a reference,
and all other values are normalised in accordance to this slope.
As can be observed, the linear fit slope values decrease with
manganese addition in the PLZT structure. In the same way,
a decrease in the linear fit slope values as ‘bias’ electric field
increases is verified for a non-doped PLZT samples. This fact is
in agreement with the hypothesis that an additional electric field,
generated by manganese addition, causes the disappearance of
the permittivity dispersion in PLZT—xMn system.

A non-doped PLZT sample was placed in high vacuum, at
700 °C, for 5h in order to obtain a reduced sample. A heating
rate of 30 °C/min and a cooling rate of 10 °C/min was applied.
The room temperature dielectric constant in terms of the fre-
quency was evaluated, thereby determining the linear fit slope
for this dependence. The normalised linear fit slope value for
reduced non-doped PLZT sample is displayed in Fig. 7. As can
be observed, a significant decrease in the normalised linear fit
slope is verified, similar to the obtained values from Mn-doped
samples. This result indicates that there is an interrelationship
between oxygen vacancies and the random ‘bias’ field gener-
ated by manganese addition. It is therefore possible to affirm
that defects created by oxygen vacancies seem to be responsible
for the disappearance of the relaxor characteristic in PLZT-xMn
ceramics.

Other possible explanation for the disappearance of the
relaxor behaviour in PLZT due to manganese addition could
be the effect of domain interactions on the PLZT structure. This
effect can be evaluated by using the Sherrington and Kirkpatrick
model to determine the local order parameter. In the following
equation*#2:

= C [1 —q(D)]
T —Tc [1—q(T)]

@

q(T) is an order parameter which corresponds to the fraction
of PNRs effectively frozen at a given time f and temperature 7,
based in the spin glass model.!! The parameters C and Tc are the
Curie-Weiss constant and the Curie-Weiss temperature, respec-
tively. The values of C and T¢ have been computed by fitting
&'(T) data to Curie-Weiss law, and are reported in Table 2. The
parameter g(7) plays an important role in determining the dielec-
tric properties of relaxor materials, and represents the correlation
degree of the neighbouring cluster-sized moment.33

Fig. 8 shows the order parameters calculated as a function of
the temperatures at different manganese contents. The ¢(7) val-
ues are calculated from Eq. (2) using the dielectric permittivity
experimental data and the obtained C and T¢ values. As can be
observed, the parameter g(7) is approximately a linear function
attemperatures below 450 K. The value of ¢(7) is greater at lower
temperatures, but tails to zero at temperatures close to 530 K for
PLZT-2MN and PLZT-3Mn, while ¢(7) =0 near to 550K for
PLZT and PLZT-1Mn. From the ¢(7) definition, it is possible
to identify the temperature at which the PNRs are frozen. Here
the tailed effect is greater, which indicates that the freezing pro-
cess is slower.*> The independence of the tailed effect and the
shape of the curves over the whole temperature range may be
due to the fact that manganese addition does not modify PNR
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Fig. 8. The local order parameter as a function of temperature for different
manganese content by using the spin-glass model for non-doped and Mn-doped
PLZT ceramics.

interactions. This may in turn be because the spin glass model
could not be used to describe the frequency dispersion and the
decrease in the relaxor character. In any case, the independence
of domain interactions with manganese content does not mean
that the domain-wall dynamics is not affected by manganese
additions.

4. Conclusions

The influence of manganese addition on dielectric prop-
erties and phase transition characteristics of lead lanthanum
zirconate titanate (PLZT) ceramics is investigated. Expected
relaxor behaviour is verified in PLZT ceramics. However, sev-
eral changes in dielectric response features are obtained by
manganese addition. The decrease of room temperature permit-
tivity as manganese content rises seems to be a consequence of
the extrinsic effect reduction by the domain wall pinning effect.

Dielectric responses of non-doped and Mn-doped PLZT
samples are studied in terms of a modified Curie-Weiss. No
appreciable difference in the diffusivity parameters is obtained
for any of the studied compounds. Compositional disorders
due to the presence of different ions onto both the A- and B-
site of the perovskite structure seem to be responsible for the
observed diffuse phase transition in these materials. Neverthe-
less, manganese addition reduces the frequency dependence of
the temperature of the permittivity maximum until the relaxor
character of PLZT system is removed. An additional electric
field, caused by the defects arising from manganese addition,
may account for the observed results. This hypothesis is con-
firmed by applying a dc electric field to a non-doped PLZT
sample. In a chemically reduced PLZT sample, the temperature
of the permittivity maximum is also shown frequency indepen-
dent indicating an interrelationship between oxygen vacancies
and the random ‘bias’ electric field. On the other hand, neigh-
bourhood domain interactions are not modified by manganese
additions. Thus, the spin-glass model can not be used to explain
the observed behaviour.



E. Pérez-Delfin et al. / Journal of the European Ceramic Society 32 (2012) 1659-1665

Acknowledgements

This study was possible thanks to financial support from

CNPq/CLAF, FAPESP and the ICTP cooperation. Support from
the project MAT2010-21088-C03-02 of the Spanish Govern-
ment is also gratefully acknowledged. The authors wish to thank
Mr. Francisco J. Picon for his technical support.

References

10.
11.

12.

13.

14.

15.

16.

20.

21.

22.

. Bhalla AS, Guo R, Roy R. The perovskite structure: a review of its role in

ceramic science and technology. Mater Res Innov 2000;4:3-26.

. Shannigrahi SR, Jang HM. Fatigue-free lead zirconate titanate-based capac-

itors for nonvolatile memories. Appl Phys Lett 2001;79:1051-3.

. Haertling GH. Recent developments in bulk and thin film PLZT materials

and devices. Ferroelectrics 1992;131:1-12.

. Cutchen JT, Harris JO, Laguna GR. PLZT electrooptic shutters: applications.

Appl Opt 1975;14:1866-73.

. Haertling GH, Land CE. Hot-pressed (Pb,La)(Zr,Ti)O3 ferroelectric ceram-

ics for electrooptic applications. J Am Ceram Soc 1971;54:1-11.

. Dai XH, Xu Z, Li JF, Viehland D. Effects of lanthanum modification on

rhombohedral Pb(Zr|_,Ti,)O3 ceramics. 1. Transformation from normal to
relaxor ferroelectric behaviors. J Mater Res 1996;11:618-25.

. Kim TY, Jang HM, Cho SM. Effects of La doping on the cubic-

tetragonal phase transition and short-range ordering in PbTiOs3. J Appl Phys
2002;91:336-43.

. Bokov AA, Ye ZG. Recent progress in relaxor ferroelectrics with perovskite

structure. J Mater Sci 2006;41:31-52.

. Smolenskii GA, Isupov VA, Agranovskaya AI, Popov SN. Ferroelectrics

with diffuse phase transitions. Sov Phys Solid State 1961;2:2584-94.
Cross LE. Relaxor ferroelectrics. Ferroelectrics 1987;76:241-67.
Viehland D, Jang SJ, Cross LE, Wuttig M. Freezing of the polarization fluc-
tuations in lead magnesium niobate relaxors. J Appl Phys 1990;68:2916-21.
Westphal V, Kleemann W, Glinchuk MD. Diffuse phase transitions
and random-field-induced domain states of the ‘relaxor’ ferroelectric
Png1/3Nb2/303. Phys Rev Lett 1992;68:847-50.

Glinchuk MD, Farhi R. A random field theory based model for ferroelectric
relaxors. J Phys: Condens Matter 1996;8:6985-96.

Qian H, Busill LA. Phenomenological theory of the dielectric response of
lead magnesium niobate and lead scandium tantalite. Int J Mod Phys B
1996;10:2007-25.

Glazounov AE, Tagantsev AK. A breathing model for the polarization
response of relaxor ferroelectrics. Ferroelectrics 1999;221:57-66.

Hase K, Saitoh M, Kittaka T, Tomono K. Electrical and mechanical-
properties of Pb(Zr,Ti)O3 ceramics related to Mn ion diffusion. Jpn J Appl
Phys 1993;32:4227-9.

. Rai R, Mishra S, Singh NK. Effect of Fe and Mn doping at B-site of PLZT

ceramics on dielectric properties. J Alloy Compd 2009;487:494-8.

. Chiang YM, Birnie DP, Kingery WD. Physical ceramic: principles for

ceramic science and engineering. New York: John Wiley & Sons; 1996.

. Glinchuk MD, Bykov IP, Skorokhod W, Kala T. The influence of man-

ganese admixture on the properties of PLZT ceramics. Ferroelectrics
1992;131:233-7.

Mohiddon MA, Kumar A, Yadav KL. Effect of Nd doping on structural,
dielectric and thermodynamic properties of PZT (65/35) ceramic. Physica
B 2007;395:1-9.

Mohiddon MA, Yadav KL. Dielectric dispersion study of Mn-doped PLZT
(8/65/35). Phys Status Solidi A 2009;206:1606—15.

Garcia JE, Pérez R, Ochoa DA, Albareda A, Lente MH, Eiras
JA. Evaluation of domain wall motion in lead zirconate titanate

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

1665

ceramics by nonlinear response measurements. J Appl Phys 2008;
103:054108.

Garcia JE, Gomis V, Pérez R, Albareda A, Eiras JA. Unexpected dielectric
response in lead zirconate titanate ceramics: the role of ferroelectric domain
wall pinning effects. Appl Phys Lett 2007;91:042902.

Pérez-Delfin E, Garcia JE, Ochoa DA, Pérez R, Guerrero F, Eiras JA. Effect
of Mn-acceptor dopant on dielectric and piezoelectric responses of lead
lanthanum zirconate titanate piezoceramics. J Appl Phys 2011;110:034106.
Brese NE, O’Keeffe M. Bond-valence parameters for solids. Acta Cryst B
1991;47:192-7.

Cao Z, Ding A, Zhang Y, Qiu P, Zheng X. Double-hysteresis-like
loops in Mn-doped (Pb,La)(Zr,Ti)O3 ceramics. Solid State Commun
2004;131:57-60.

Viehland D, Jang SJ, Cross LE, Wuttig M. Local polar configurations in
lead magnesium niobate relaxors. J Appl Phys 1991;69:414-9.

Hong CS, Chu SY, Suand WC, Chang RC, Nien HH, Juang YD. Dielec-
tric behaviors of Pb(Fe2/3W1/3)-PbTiO3 relaxors: models comparison and
numerical calculations. J Appl Phys 2007;101:054120.

Santos IA, Eiras JA. Phenomenological description of the diffuse phase
transition in ferroelectrics. J Phys: Condens Matter 2001;13:11733-40.
Santos IA, Spinola DU, Garcia D, Eiras JA. Dielectric behavior and diffuse
phase transition features of rare earth doped Srg 61 Bag 30Nb, O ferroelectric
ceramics. J Appl Phys 2002;92:3251-6.

Diez-Betriu X, Garcia JE, Ostos C, Boya AU, Ochoa DA, Mestres L, Perez
R. Phase transition characteristics and dielectric properties of rare-earth
(La, Pr, Nd, Gd) doped Ba(Zr( 09Tip.91)O3 ceramics. Mater Chem Phys
2011;125:493-9.

Hong CS, Chu SY, Li BJ, Su WC, Chang RC, Nien HH,
Juang YD. Investigation of the dielectric properties of MnO-additive
Pb(Fe(2/3)W(1/3))-PbTiO(3) relaxors using the spin-glass model. J Appl
Phys 2008;103:094102.

ChenJ,FanH, Ke S, Chen X, Yang C, Fang P. Relaxor behavior and dielectric
properties of lead magnesium niobate—lead titanate thick films prepared by
electrophoresis deposition. J Alloy Compd 2009;478:853-7.

Vugmeister BE, Rabitz H. Coexistence of the critical slowing down and
glassy freezing in relaxor ferroelectrics. Phys Rev B 2000;61:14448-53.
Dellis JL, Marssi ME, Tilloloy P, Farhi R, Viehland D. A dielectric study
of the X/65/35 lanthanum-modified lead zirconate-titanate series. Ferro-
electrics 1997;201:167-74.

Kamba S, Bovtun V, Petzelt J, Rychetsky I, Mizaras R, Brilingas A,
Banys J, Grigas J, Kosec M. Dielectric dispersion of the relaxor PLZT
ceramics in the frequency range 20 Hz—100 THz. J Phys: Condens Matter
2000;12:497-520.

Rychetsky I, Kamba S, Porokhonskyy V, Pashkin A, Savinov M, Bovtun
V, Petzelt J, Kosec M, Dressel M. Frequency-independent dielectric losses
(1/f noise) in PLZT relaxors at low temperatures. J Phys: Condens Matter
2003;15:6017-30.

Shabbir G, Kojima S. Low-temperature elastic properties of lanthanum
lead zirconate titanate relaxor ferroelectric ceramics. J Korean Phys Soc
2005;46:128-30.

Zhang Y, Li L, Gui Z, Tian J. Dielectric response of PMZNT relaxor ferro-
electric ceramics under various external field. Mater Lett 2000;43:230-3.
Hayashi K, Ando A, Hamaji Y, Sakabe Y. Study of the valence state of the
manganese ions in PbTiO3 ceramics by means of ESR. Jpn J Appl Phys
1998;37:5237-40.

Viehland D, Li JF. Dependence of the glasslike characteristics of relaxor
ferroelectrics on chemical ordering. J Appl Phys 1994;75:1705-9.

Blinc R, Dolinsek J, Gregorovi¢ A, Zalar B, Filipi¢ C, Kutnjak Z, Lev-
stik A, Pirc R. Local polarization distribution and Edwards-Anderson order
parameter of relaxor ferroelectrics. Phys Rev Lett 1999;83:424-7.
Viehland D, Jang SJ, Cross LE, Wutting M. Deviation from Curie-Weiss
behavior in relaxor ferroelectrics. Phys Rev B 1992;46:8003—6.



	Influence of Mn-doping on phase transition characteristics and relaxor behaviour of lead lanthanum zirconate titanate cera...
	1 Introduction
	2 Materials and methods
	3 Results and discussion
	3.1 Phase transition characteristics
	3.2 Relaxor behaviour

	4 Conclusions
	Acknowledgements
	References


