
Journal of the European Ceramic Society 25 (2005) 2089–2092

Microwave dielectric response of (Sr0.80Pb0.20)TiO3

based ferroelectric composites

J. de los Santos Guerraa,∗, D. Garciaa, J.A. Eirasa, Y. Somiyab, L.E. Crossb, A.S. Bhallab

a Grupo de Cerˆamicas Ferroel´etricas, Departamento de F´ısica, Universidade Federal de S˜ao Carlos, S˜ao Carlos, SP 13565-905, Brazil
b Materials Research Institute, Pennsylvania State University, PA 16802, USA

Available online 31 March 2005

Abstract

This paper reports the results of measurements on the dielectric properties of strontium lead titanate ferroelectric composites (i.e. non-
ferroelectric magnesium oxide, MgO, added to the Sr0.80Pb0.20TiO3, SPT, matrix) as a function of temperature over a wide frequency range
from 0.05 to 2 GHz. The results showed that SPT–MgO composites have a strong dielectric dispersion (around 500 MHz) for the temperature
range of 100–280 K. On the other hand, at room temperature a suppression of such relaxation was observed with low dielectric loss factors
∼5× 10−4 over the entire range of frequency from 0.05 to 2 GHz. Such results evidence the potential use of SPT–MgO composites for room
t
©

K

1

p
p
s
l
f
t
m
d
t
m
d
>
l
m
o
r
i

e of
est

ics

ding

o-
gle
nd in-
field
ical
nce,
, are
d to
ing

ency

lec-
fre-
tric
d

0
d

emperature tunable microwave applications.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

For many microwave applications, such as phase shifters,
hased array antennas, filters, etc.,1–4 the microwave com-
onent is commonly constructed by using ferrite and some
uperconductor elements.5 They present good frequency se-

ectivity and low insertion loss, offering attractive options
or commercial and space-based communications.3 However,
hey are very costly, large and heavy and the need for suitable
aterials in frequency and phase agile electronics is still in
emand. The desirable characteristics of a dielectric material

o be used in phased array applications are low dielectric per-
ittivity (<1500), low dielectric loss factor (<0.01) and high
ielectric tunability (change inε with an applied electric field,
10%).3,4 Lower dielectric permittivity materials with low

oss factor contribute to reduce the overall impedance mis-
atch and provide lower insertion loss in the device. On the
ther hand, the degree of the phase shifting ability is directly
elated to the tunability of the material. Thus higher tunabil-
ties materials are desired. Contrary to the above mentioned

materials, ferroelectric components offer the advantag
continuous, quick and low power tunability up to the high
gigahertz frequencies.6,7 Furthermore, ferroelectric ceram
enable an impressive cost reduction by integration.

Many promising candidates have been reported, inclu
as preference strontium titanate based perovskite ABO3-type
materials (SrTiO3).1,6–9The currently most studied solid s
lutions are barium modified strontium titanate (BST) sin
phase ceramics, which have been extensively prepared a
vestigated. However, in spite of possessing high electric
tunability and low losses, which are promising for pract
applications, further improvements of the BST performa
such as reproducibility as well as stability of the material
still desirable. Although many works have been devote
develop tunable dielectric ceramics and thin films show
low losses, their use in tunable applications at high frequ
(gigahertz region) is still in progress.

Recently, significant improvements in reducing the die
tric losses and permittivity have been reported at low
quency by the developing of ferroelectric–non ferroelec
composite materials.10–12 Among them the MgO modifie
∗ Corresponding author. Tel.: +55 16 33518227; fax: +55 16 33614835.
E-mail address:santos@df.ufscar.br (J. de los Santos Guerra).

(Sr,Pb)TiO3 ceramics have received recent attention.13 How-
ever, the reports did not include a detailed study of the high
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frequency dielectric properties (i.e.∼1 GHz). This article
presents a systematic study of the microwave dielectric prop-
erties for the strontium lead titanate ferroelectric composites
(Sr0.80Pb0.20TiO3 + MgO) in a wide frequency and tempera-
ture range (0.05–2 GHz and 100–300 K, respectively).

2. Experimental

The ceramics were prepared by the conventional solid state
reaction.14 The suitable ratio of commercial grade lead oxide
(PbO, Aldrich), strontium carbonate (SrCO3, Aldrich), and
titanium oxide (TiO2, Alfa Aesar) (Pb:Sr:Ti = 2:8:10) were
ball milled, calcined at 1100◦C for 3 h, and milled again.
Then, high purity grade magnesium oxide (MgO, Alfa Ae-
sar) was added to the (Sr,Pb)TiO3 powder, in the weight ratio
of 50:50 (SPT:MgO) and the mixture was ball milled again.
The composite powder was pressed into pellets by cold uni-
axial isostatic pressing and sintered at 1350◦C for 3 h. After
polishing, gold electrodes were applied by sputtering to the
opposite faces of the samples. The samples were cut into discs
with 2.0 mm in diameter and 0.5 mm in thickness.

The measurements were made by the reflectometry
method,15 using an experimental assembly that included a
network analyzer (Hewlett-Packard 8719C) and a 50� coax-
ial line connected to a special sample holder, in which the
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Fig. 1. Temperature dependence of the real and imaginary components of
dielectric permittivity, at low frequency, for the based SPT composite.

This fact clearly shows that the non-ferroelectric magnesium
oxide added to the SPT matrix dilutes the dielectric permittiv-
ity to the range suitable for a microwave device requirement.
On the other hand, the imaginary component (ε′′) showed an
increase with the frequency evidencing a relaxor-like behav-
ior. The real and imaginary dielectric permittivity values, at
room temperature, were 108.5 and 0.05, respectively, lead-
ing to a loss factor (D = ε′′/ε′) of about 5× 10−4. As observed
for temperature values aboveTm, both the real and imaginary
components of the dielectric permittivity become frequency
independent showing a high stability in the imaginary com-
ponent. The obtained values for the dielectric permittivity
and loss factor, if compared with some materials commonly
used in high frequency applications, confirm the ability of
the studied composites to be used as tunable capacitors.

The microwave frequency dependence of the real and
imaginary component of the dielectric permittivity, for sev-
eral temperatures, is shown inFig. 2. In the frequency range
studied, the results showed a dispersion of the dielectric per-
mittivity that is similar to a Debye type relaxation,17 present-
ing a decrease inε′ and a maximum inε′′ in a characteristic
frequency (fR). It can be observed that the dispersion occurs
not only in the ferroelectric phase (T<Tm) but also towards
the expected paraelectric phase (T>Tm). At room tempera-
ture such dielectric relaxation was completely suppressed and
very low dielectric loss values were obtained, which makes
t sed
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ample was held under a controlled pressure to avoid
ontacts due to the thermal contraction or expansion o
ample. High frequency dielectric measurements were
ormed in a temperature and frequency range of 100–3
nd 0.05–2 GHz, respectively. For determining the frequ
ependence of the reflection coefficients (Γ ′, Γ ′′), carefu
ompensation procedure was carried out to avoid spu
eflections that might result by transmission line discont
ties and also to eliminate the effect of the resistances an
acitances of the sample holder. Three different HP stan

erminations (open, short and 50�), with reflection coeffi
ients of 1,−1 and 0, respectively, were used to calibrate
ystem in the investigated frequency range. The comple
lectric permittivity was determined from the measured c
lex reflection coefficient.16 Low frequency measuremen
ere carried out using an Impedance Analyzer HP 4194

. Results and discussion

Fig. 1shows the low frequency dielectric properties of
tudied composite ceramics in the temperature range
00 up to 450 K at different frequencies. A broad dielec
eak with frequency dispersion is observed at a tempera
hich can be associated with the ferroelectric–paraele
hase transition temperature (Tm = 209 K). As can be ob
erved a slight decrease of real dielectric permittivity (ε′) oc-
urred with the frequency increasing for temperatures b
50 K. Theε′ values, obtained for the composite samples
otably lower than those obtained for the pure SPT ceram8
his ferroelectric composition a promising material to be u
or many microwave applications.

The characteristic frequency (fR) and the maximal varia
ion of the dielectric permittivity (�ε) were calculated from
he Cole–Cole’s model relations.18 The temperature depe
ence offR and�ε for the SPT composite is shown inFig. 3.

t is noticed that the characteristic frequency goes throu
inimum and�ε presents a maximum close to the temp

ure at whichε′ (measured at low frequencies) reach its m
mal value. The value offR (∼540 MHz) obtained atTm sug-
ests that the dielectric dispersion observed might be re

o the domain walls motion mechanism. Furthermore, it i
eresting to notice that the values offR are in the order of th
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Fig. 2. Frequency dependence of the real and imaginary components of
dielectric permittivity, in the microwave region, at various temperatures, for
the based SPT composite.

those reported for other ferroelectric materials. Since the�ε

variations in the microwave region have been attributed to the
existence of polar regions (ferroelectric domains and/or polar
clusters for normal and relaxor ferroelectrics, respectively),19

it would be expected that the obtained behavior could be as-
sociated to the size/interaction of the polar regions. Investi-
gations to better understand the responsible mechanism for
the observed dielectric dispersion are in progress.

Fig. 3. Temperature dependence of the characteristic frequency (fR) and
maximal dielectric permittivity change (�ε) for the based SPT composite.

4. Conclusions

Based SPT ferroelectric composites has been successfully
characterized in the high frequency region, and the results
may promote further detailed studies in this and other sim-
ilar materials that have a significant position in the electro-
electronic industry for many practical applications such as
wireless communication and dielectric resonators.
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