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The relaxor ferroelectric properties of the Pb(Mg;/3Nbo/3)3(1—+)TizO3 (PMNT) system are presented. The diffuse phase transitions are
analyzed using the Smolenskii-Isupov and the Spin-Glass superparaelectric theories. Dielectric permittivity curves as function of temperature
and frequency as well as the In f dependence with the reciprocal temperature are reported. The samples were sintered using the conventional
ceramic technique.
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Se presentan las propiedades de ferroeléctrico relajador del sistema cerdmico Pb(Mg; /3Nb2/3)3(1-2)TizOa (PMNT). Las transiciones de

fase difusa son analizadas utilizando la teorfas de Smolenskii-Isupov y la teoria de vidrio de espin superparaeléctrico. Se reportan las curvas
experimentales de permitividad dieléctrica en funcién de la temperatura y de la frecuencia asi como la dependencia en In f de inverso de la

temperatura. Las muestras fueron preparadas utilizando la técnica convencional de preparacion de cerdmicas.

Descriptores: Ferroeléctrico relajador; propiedades dieléctricas; transiciones de fase difusa

PACS: 77.84.-s; 77.80.Bh; 77.84.Dy

1. Introduction

There are many ferroelectric materials that due to their
peculiar dielectric behavior are known as relaxor ferro-
electrics [1]. Among them, we can find a number of complex
perovskites of the type A(B,BY_,)O3;, Pb(Mg, /3Nb3/3)03
(PMN) is one of them. Solid solutions of relaxor PMN and
the first order ferroelectric, PbTiO3 (PT), exhibit many at-
tractive properties for dielectric and electrostrictive applica-
tions [2]. The high dielectric constant, over broad temper-
ature ranges, close to room temperature make systems like
PMN,;_.T. very attractive for multilayer capacitor (MLC)
and actuator applications. Several previous investigations on
the dielectric properties, such as maximum dielectric permit-
[VILY (£,..,) [2], diffuseness (the effective width of the max-
ima) and aging, have been shown to be dependent on the
processing conditions, in particular, the role of stoichiome-
try and grain size on the above mentioned properties. Choi
et al. [3] reported the existence of a morphotropic phase
boundary (MPB) at 35% Ti content separating the pseudo-
cubic and tetragonal phases as well as the role of the PbTiO;
(T ~ 490°C) in the dielectric properties.

In this work, a study of the relaxor ferroelectric prop-
erties of the Pb(Mg; /3Nby /3)3(1—2) Ti- O3 solid solutions is
presented. For such purpose, measurements of the dielectric

permittivity as a function of temperature and frequency were
performed and the diffuse phase transitions are analyzed us-
ing the Smolenskii-Isupov and the Spin-Glass superparaelec-
tric theories.

2. Experimental procedure

The conventional ceramic method was utilized to prepare the
Pb(Mg; /3Nbs /3)3(1 — ) Ti, O3 solid solutions. The culombite
precursor technique with excess magnesium oxide [4] was
used to prevent the formation of pyrochlore phases [5] that
depress the dielectric properties of lead oxide based ferro-
electric ceramics [6]. The samples were prepared with high
purity reactives (E. Merk, Darmstadt, Germany): PbO (>
99%), MgO (> 97%), Nb2Os (> 99.9%) y TiO, (> 99%).
The MgO powders with a 5% excess and the Nb,O5 were
calcined at 1000°C for 4 hours with a 10°C/min heating rate,
to form the MgNb,Og culombite structure. These powders
were then ground and properly mixed with PbO and TiOs,
calcined at 800°C for 2h and finally sintered at 1200°C for 2h
with a heating rate of 1°C/min. The behavior of the dielectric
permittivity as a function of temperature and frequency was
measured with the help of a lock-in amplifier in the range of
25 to 350°C and 500 Hz to 100 kHz, respectively.



ABEL FUNDORA, JORGE J. PORTELLES, GUILLERMO ROSARIO, AND JESUS M. SIQUEIROS

= . 20000
30000 : [ T — 20000 S
g' £ N Pb(MgmNbM)z'lTlmoJ ¢ L n Pb(Mgmme) T‘oa 3| l Pb(M, 5
25000 | —— (1 O0SkHz | | (1)0.5 kHz | ) g,,Nb 3).5T1,,5 1
. : s 15000 | —— (1) 1.0kHz |
- % —(3)10 kHz i N\ —— L0 “' —— )10 iz,
15000 t (4)20 kHz leeon l— // (il KHe ‘ 10000 i_ f! (3) 20 kHz
[ & ———(4) 60 kHz /
fo000 ———(5) 80 kHz [/ 4 \ L . ——1(4)60 kHz!
5000 [ «——— (6) 100 kHz -r / N \ J 5000 | Gl —— (5) 80 kHz
E L o I |
a e
" . | L | (6) 0 }» /\[ 0 |7 ‘

3;0
TE)

(a)
FIGURE 1.

20000
E' r /\Pb(Mgm 1s lys 3
15000 \ - (1) 1.0 kHz
— ; ——(2) 10 kHz
- / (3)20 kHz
5000 //
o
0030
0025 - N ..
w 0020 |- 2) .\\
= oos |- A
§ oot | \\
Tl (1 '\\
0.000 M

150 200 250 300 350 400

TCC)

FIGURE 2. Dependence of the permittivity and dielectric losses as
function of temperature and frequency for PMNy 5To.5 sample.
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3. Results and discussion

The dielectric response of the Pb(Mg; 3Nbs /3)3(1 ) Tiz O3
system with z = 0.3,0.4 and 0.5 is shown in Figs. 1a, 1b
and lc where it can be seen that the dielectric permittivity
decreases with the measuring frequency and its peak shifts
toward higher temperatures. The non- coincidence between
corresponding peaks of the permittivity and dielectric loss is
shown in Fig. 2 as an evidence of the diffuse phase transition.

In Figs. 1a, 1b and lc¢ it can also be observed that, as the
Ti concentration is incremented, the shifts of the dielectric
permittivity maxima toward higher temperatures for higher
frequencies becomes smaller, reflecting thereby a remission
of the relaxor character of the system.

The above-described behavior of these ceramics may be
explained in terms of the Smolenskii-Isupov theory by notic-
ing that, when the doping of the sample increases, the it
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FIGURE 3. The curve of the reciprocal dielectric permittivity as a
function of T — T. shows a non Curie-Weiss behavior.

cations tend to occupy the B crystallographic sites of the per-
ovskite structure increasing therefore the cationic disorder.

However, as the Ti concentration is increased, a limit is
reached where electrostatic and elastic forces act in such a
way that higher order is introduced in the structure of the
material, losing, therefore, the relaxor characteristics. This
phenomenon can also be explained with the help of the phase
diagram where, as the Ti content is increased the relaxor be-
havior of the material decreases and transforms into a normal
ferroelectric system beyond the morphotropic phase bound-
ary [1]. In the tan 6 vs. temperature curves for different
frequencies presented in Fig. 2, some anomalies possibly
corresponding to conduction phenomena are observed for
T > T.. The analysis of these results is currently being per-
formed and will be the subject of a future publication.

Figure 3 shows the 1/’ vs (T" — T.) curves for the
Pb(Mg; /3Nba /3)3(1 —2) Tiz O3 samples at 1 kHz, where a the
Curie-Weiss Law no longer holds in its classical form 1/g ~
C(T-T.). For ferroelectric materials with diffuse phase tran-
sition, such law must be modified and takes the form

1 (T—T)2

e

£
~“max max
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FIGURE 4. The reciprocal of the dielectric permittivity maxima temperature as a function of the measuring frequency.

TABLE I. The values of the diffuse phase coefficient obtained from
the slope of the 1/ — 1/l vs. (T — T.)? curve for the non
stoichiometric PMN-PT system are presented.

% Ti(z) )
(0.3) 3851
(0.4) 35.20
(0.5) 29.67

where £ is the dielectric permittivity maximum, T is the
temperature and T, is the Curie temperature. § is a measure
of the width of the diffuse phase transition, assuming a Gaus-
sian distribution of the Curie temperatures [7]. Table I shows
how the diffuse phase transition coefficient 6 decreases with
the Ti content. It is also worth noticing that, as the Ti concen-
tration increases, the system moves in the phase diagram to-
ward the morphotropic region showing a lesser diffuse char-
acter due to an increase in order and grain size (Shrout er
al. [6]). This fact essentially means that the polar microre-
gions will get smaller and therefore the normal phase will be
larger.

Within the framework of the super-paraelectric the-
ory [1], the dispersion of the permittivity maxima may be
modeled by the Volger-Fulcher relation [8]. Figures 4a, 4b
and 4c¢ shows the dependence of the temperature of the di-
electric permittivity maxima with frequency. A very good
agreement between the experimental data and the values ob-
tained with the Volger-Fulcher expression is evident. This re-
sultleads us to believe that the relaxor behavior of this system
is similar to a spin-glass system with a polarization fluctua-
tion around the freezing point.

Energy activation values E, for each of the studied com-
position are shown in Fig. 5 where it can be noticed that E,
increases as the Ti concentration increases in agreement with
the Smolienskii-Isupov theory that states that, as the Ti con-
tent increases, the relaxor properties of the system tend to
disappear. This behavior may be explained by expressing E,

7.0 |
6.5
6.0 »
5.5 T

5.0

Pb(MglﬂNbZ.’])Jtl-:]TixO

3

T T T I

T

E,x 10 “(eV)

4.5
4.0
3.5

3.0 -
2.5

T

| 1 1 1 1 L | i 1 1

0.25 0.30 0.35 040 0.45 0.50 0.55
X (%Ti)

FIGURE 5. Variation of the activation energy with the Ti content (z)
for the Ph(Mg] f';;Nbgjg )3(1 __T)Ti,O;; system.

das
Ey= Egnis Ve,

being E.,; the anisotropy energy of a ferroelectric material
and V.. the volume of the clusters. With the increase in the Ti
content, the tetragonality of the unit cell increases affecting
the contribution of the clusters to the dielectric relaxation.
That is, in a pseudo-cubic structure, the polar clusters in-
side the grain are randomly oriented whereas in the tetrag-
onal case such randomness is less likely to exist due to in-
crease in the anisotropy of the system. A pre-exponential fac-
tor f, = 10" Hz was obtained for all compositions.

From the experimental results and the application
of the above mentioned theories it can be said that a
Pb(Mg]/:;Nb2/3);,(1,_,;)Ti,.COg relaxor system has been ob-
tained where the relaxor properties diminish with the Ti
content The diffuse phase transition coefficient is obtained
from the Smolenskii-Isupov theory and the activation ener-
gies from the superparaelectric spin-glass theory.
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4. Conclusions

Studies performed on the dielectric permittivity as
a function of temperature and frequency show that
the Pb(Mg;/3Nbs/3)3(1-,)TizO3 system behaves in
a similar  way as its stoichiometric counterpart
Pb(Mg; /3Nby /3)1 -, Ti, O3 regarding their ferroelectric re-
laxor characteristics. According to the results obtained in
this work the diffuse phase transition coefficient decreases
faster in the Pb(Mg; ;3Nby/3)(1-2)TizO3 system with the
Ti content as compared to the Pb(Mg; /3Nby /3)3(1—4) Tiz O3

system. The activation energy, on the other hand, is larger
in the Pb(Mg; /3Nby /3)(; ) Tiz O3 system implying that the
ferroelectric relaxor property diminishes faster with the Ti
content than in the Pb(Mg; /3Nby /3)3(1 1) Tiz O3 system.

Acknowledgments
This work was partially sponsored by CoNaCyT Proj. No.

26314E, DGAPA Proj. No. IN115098. A. Fundora thanks
the Foreign Ministry of México for their support.

1. L.E. Cross, Ferroelectrics 76 (1987) 241.

2. C.A. Randall, A.D. Hilton, D.J. Barber, and T.R. Shrout, J.
Mater. Res. 8 (1993) 880.

3. S.W. Choi, T.R. Shrout, S.J. Jang, and A. Bhalla, Ferroelectrics
100 (1989) 29.

4. C.A.Randall and A.S. Bhalla, J. Matter. Sci. 29 (1990) 5.

5. J. Chen, HM. Chan, and M.P. Harmer, J. Am. Ceram. Soc. 79
(1989) 593.

6. T.R. Shrout and A. Halliyal, Ceramic Bolletin 66 (1987) 704.
7. V.V. Kirillov and V.A. Isupov, Ferroelectrics 5 (1973) 3.

8. D. Viehland, ].F Li, S.J. Jang, and L.E. Cross, Phys. Rev. B. 43
(1991) 8316.

Rev. Mex. Fis. 46 (4) (2000) 357-360



