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Abstract

The crystalline structure and dielectric properties of®a ,TiO3 ceramics wittx=0.45, 0.5, 0.6, 0.65, 0.8, 0.9 were investigated. The
a- andc-axis lattice constants of B8r;_,TiO3 ceramics were calculated and it is found that the crystal structures are tetragonal phase when
x> 0.65 at room temperature. The Curie—Weiss temperalyjeq always lower than Curie temperatuiie ) and the linear relation between
the Curie temperature and the stoichiometric percentage of barium can be observed and explesS€) as-195.0 + 322.8. The values
of coercive electric fieldEc) and remanent polarizatiof{) increase as Ba/Sr ratio of B&r,_,TiO3 ceramics increases except fox 0.5,
which are due to the decrease in grain size and the difference between the raditisafdthat of St*.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 2. Experiment

Barium titanate ceramics have been used extensively as?2.1. Preparation of ceramics
capacitor dielectrics for the past decades years. Pure BaTiO
undergoes a paraelectric to ferroelectric phase transition at The starting chemicals were high-purity Bag;GrCG
130°C, which is accompanied by a sharp peak in the permit- and TiQ powders. The composition prepared was
tivity. Isovalent dopants, such as strontium or lead, are of- BaySr;_xTiO3 with x=0.45, 0.5, 0.6, 0.65, 0.8, 0.9. Spec-
ten employed to lower or raise the Curie point for particular imens were prepared by the conventional mixed-oxide
applications. For example, barium strontium titanate (BST) method. The raw material was weighed out in stoichiomet-
ceramics are very attractive for microwave devices such asric proportions, ball-milled in water, dried and then calcined
phase shifters, tunable filters, delay lines, tunable oscillators,at 1180°C for 2 h. The obtained powders were pressed into
etc. [1-3]. Therefore, the microstructure and properties of pellets with a diameter of 10.0 mm and thickness of 1.0 mm

BST ceramics have to be investigated in ddi&i6]. How- prior to sintering at 1320C for 2 h.
ever, the dielectric properties of &2, TiO3 ceramics have
not been reported systematically. 2.2. X-ray measurements
In this paper, the microstructure and dielectric properties
of BaxSr1_xTiO3 ceramics withx=0.45, 0.5, 0.6, 0.65, 0.8, After sintering, X-ray diffraction (XRD) with Cu i ra-

0.9 were studied. The Ba/Sr ratio dependence of the struc-diation (. =0.1541 nm) was performed to examine the phase

tural and dielectric properties, including the lattice constant, constitution of the specimens at room temperature.
Curie temperaturel), Curie—Weiss temperatur&), coer-

cive electric field Ec) and remanent polarizatio®(), were 2 3. Dielectric measurements
discussed.

In order to measure the dielectric property, silver paste
* Corresponding author. Tel.: +86 2883206506; fax: +86 2883201632. Was painted on the polished samples as the electrodes and
E-mail addresschlfu@126.com (C. Fu). fired at 830°C for 15 min.
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The dielectric properties of the ceramics were determined 0.402. 71.010
with a HIOKI 3532-50 LCR at 1 V/mm during cooling the ' 1.008
samples from 150 to —6@ with 0.5°C/min. The dielectric 0.4011 ]
constant was calculated from the capacitance using the fol- = 0.400- 1.006
lowing equation: < 0.399 1004

< 1 ~~

cd ) % 0.398- 1.002 ©
E= —— J

€0A § 0.3971 1000
vvhereC is the capacitance (F}o the free space dielec- % 0.3961 lo.998
tric constant value (8.88 10~ 12F/m), A the capacitor area  ~ 0395 1
(m?) andd the thickness (m) of the ceramics. The dielectric 0304 0.996
constant-dc bias field tunabilities of the materials were stud- 0.4 0.5 0.6 0.7 0.8 0.9
ied. The % tunability of the material is determined by the xin BaySriTiO3

following equation: _ o o
Fig. 2. Dependence of tre andc-axis lattice constant armla ratio (right

{£(0) — &(Vapp)} @ hand side ordinate) on Ba/Sr ratio at room temperature.

¢(0) stants increased gradually with increasing stoichiometric per-
where (0) is the dielectric constant without dc bias field centage of barium. This is attributed to the ionic radius of
applied, and(Vapp) is the dielectric constant with maximum  barium being larger than that of strontium. When 0.5, the

% tunability =

dc bias field applied. The polarization—electric fieR-E) a- and_c-axis lattice _co_nstent values are very close to each
hysteresis characteristics were performed out using a Radianether, i.e..c/a=1. This implied that the crystal structures of
Precision LC material analyzer. the BST ceramics are very close to cubic. However, when

x> 0.65, thec-axis lattice constant is larger thanlattice
constant, i.e.c/a>1. This suggested that at room tempera-

3. Results and discussion ture the crystal structures are tetragonal phase whe®.65.
3.1. Crystalline structure 3.2. Temperature dependence

The X-ray diffraction patterns of B&r_TiO3 ceram- To investigate the dielectric properties of our BST ceram-
ics with various Ba/Sr ratios are shown fig. 1 It is ob- ics, we fabricated capacitors using sliver paste as the elec-

served from the X-ray patterns that the crystal structures aretrode. The temperature dependence of the relative permittiv-
cubic phase fox=0.45 and 0.5 and tetragonal phase for ity for BST ceramics with various stoichiometric percentage
x=0.65, 0.8 and 0.9. The Curie temperature of the transition of barium is shown irFig. 3. It was found that the dielec-
cubic-tetragonal decreases with the decreasing Ba concentric constant of every sample has a maximum and the Curie
tration and crosses the room temperature at the compositiorPoint temperatureTc), corresponding to this maximum of
X~ 0.65. the dielectric constant increases as the Ba/Sr ratio increases.
The a- and c-axis lattice constants of B&r_xTiO3 ce- The change of inverse dielectric constant with respect to
ramics were calculated and plottecFiiy. 2 The lattice con-  temperature is shown fig. 4. It can be seen that the dielec-
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Fig. 1. The X-ray diffraction patterns of B&r_4TiO3 ceramics at room Fig. 3. Temperature dependence of the relative permittivity fox Ba

temperature. Sr;_4xTiO3 ceramics at 1 kHz.
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