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Abstract: Bao.¢s Sro.35Ti03 ceramics doped with B203-Si0O, glass composition were prepared by using conventional

solid-state reaction method. The effects of glass dopant on the dielectric and ferroelectric properties were investiga-

ted. The results show that the dielectric constant decreases while the dielectric loss increases after doping. And as

the glass content increases the dielectric constant decreases while the dielectric loss changes slightly. From the com-

plex impedance analysis the resistance and the relaxation time of the grain and the grain boundary can be calculated.

Comparing the P —FE hysteresis loop of undoped Bao.es Sro.35Ti03 ceramics with that of B203-Si02> doped Bao.¢s Sro.3s

Ti035 ceramics, it can be seen that the remanent polarization decreases when the B2 03-Si0O2 content is lower than 8%

(molar fraction), and the coercive field increases with the increase of B203-Si0O2 content.
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1 INTRODUCTION

(Ba, Sr) TiO3( abbreviated as BST) is a solid
solution of BaTiO3s and SrTiOs, it exhibits excel-
lent properties, such as high dielectric constant,
low dielectric loss, low leakage current, high die-
and huge pyroelectric coeffi-
cient. Besides, it has a remarkable characteristic

lectric tunability,

that the Curie temperature of BST can be con-
trolled by varying the molar content of the stronti-
um to meet the requirement of various applica-
tions. Therefore BST is an attractive candidate for
DRAM, phase shifter, tunable filters and infrared
detectors and other fields'" * .

To date, much effort has been directed to-
wards the investigation of the processing and the
U701 QU et al' investi-

gated the effects of processing on the properties of

properties of BST ceramics

BST ceramics and Szymczak et al'® investigated the
sintering effects on the dielectric properties of BST
ceramics. However, the sintering temperature of
BST ceramics prepared by using conventional solid-
state method is very high and the grains are not
homogeneous in their investigation. Several studies
have been carried out on the decrease of the sinte
ring temperature and promoting the density'" """ |
but the results haven t been satisfied. ZHAT et al
produced glass doped BST powders by solkgel pro-
cessing, and calcining and sintering with conven-
tional solid-state reaction method, then they ob-
tained BST ceramics with glass-like materials. By

this way, the sintering temperature of BST ceram-
ics has been decreased, but the properties are not
satisfactory.

Despite intensive experimental efforts, how-
ever, an effective measurement to decrease the sin-
tering temperature of BST ceramics has been lack.
In our work, BST ceramics were prepared by using
conventional solid-state reaction method, and
B2035-Si0: is added to decrease the sintering tem-
perature. B203 has a melting point of 445 C, and
it forms liquid during the sintering and promotes
the sintering. Several reports have shown that
when B20s3 is the only addition, it indeed decreases
the sintering temperature but at the same time Ba-
Ti(BO3)2 and other materials form'"”. SiO> has a
melting point of 1 670 C, and it cannot decrease
the sintering temperature of BST ceramics'™®. But
when B203-Si0» is added, the sintering tempera-
ture of Bao.es Sro.3s TiO3 ceramics is decreased and
no second phase is detected from XRD patterns.

In this paper, the effects of B203-SiO2 doping
on the dielectric and ferroelectric properties of
Bao.6s Sro.3s Ti03 ceramics were investigated. The
impedance plot was employed to estimate the re-
sistance of the grains and the grain boundary, and
the relaxation time was also estimated.

2 EXPERIMENTAL

Bao.ss Sro.35 T 103 ceramics and B203-Si02 doped
Bao.es Sro.35T 103 ceramics were prepared by conven-
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tional solid-state reaction method. BaCO3;, SrCOs,
Ti02, B203 and SiO2 were used as starting materi
als. The weighted stoichiometric powders were
mixed by balFmilling in agate mortars for 4 h, then
dried and calcined at 1 000 C for 2. 5 h. The cal-
cined aggregate were again ball-milled for 4 h, then
dried and pressed into d11 mm X 1. 5 mm green pel-
lets at a pressure of 200 MPa. The undoped green
pellets were sintered at 1 390 C for 2 h and B20s-
Si02 doped green pellets were sintered at 1200 C
for 2h. Then the sintered specimens were polished
to a thickness of 0. 9 mm and electroded with silver
paste and dried.

The dielectric constant, the dielectric loss and
the impedance were measured with HP4192A low
frequency impedance analyzer. The P —FE hystere-

sis loops were measured with a SawyerTower cir-
cuit at 12 C.

3 RESULTS AND DISCUSSION

3.1 Dielectric properties

Fig. 1 shows the relationship between the die-
lectric properties and glass-doped content at room
temperature. It can be seen that the dielectric con-
stant decreases and the dielectric loss increases
when B203-Si02 content is lower than 1% ( molar
fraction). However, the dielectric constant decrea-
ses sharply as the doping glass content increases
while the dielectric loss changes slightly. This can
be explained by that in ceramics the dielectric con-
stant is strongly affected by the composition of
Bao.¢sSr0.35T103 and B203-Si02, while the dielec
tric loss is strongly affected by the distribution of
these two phase'”” . As B203-SiO2 content increa-
ses, the change of the composition is larger than
that of the distribution, which causes the larger
change of the dielectric constant. When B203-Si02
distributes homogeneously in Bao.esSro.3sTi03 ce
ramics, the dielectric constant of the doped ceram-
ics can be calculated by logarithmic mixture
rule!®, which can be expressed as

lg&= yilg@sr+ y2lg&si (1
where €is the dielectric constant of doped Bao.es-
Sro.3sT103 ceramics, &sr and &si are the dielectric
constants of undoped Bao.6sSro.35Ti03 ceramics and
B203-Si02 glass respectively, and yi, y2 are the
volume fractions of Bao ¢5Sro.35Ti03 ceramics and
B203-Si02, respectively. The dielectric constant of
B203-Si0: is less than 4. 5, which is much lower
than that of undoped Bao.¢s Sro.35T 103 ceramics, so
the dielectric constant of doped Bao.esSro.35Ti03 ce-
ramics is smaller. This is also confirmed in Fig. 1.
In our work, the experimental data of the dielectric
constant of doped Bao.¢sSro.35T 103 ceramics is smal-
ler than the calculated data, which may be caused
by the defects in the grain boundary.

Dielectric constant/103
Dielectric loss/%

Doping content(molar fraction)/%

Fig. 1 Dielectric properties vs B203-Si02 content

3.2 Impedance analysis

Complex impedance plot of Bao.esSro.35Ti03 ce
ramics at 355 C and its equivalent circuit are
shown in Figs. 2(a) and (b), respectively. In Fig.
2(a), the experimental data can be well fitted into
semicircles except at very low frequency. It is very
clear that there are two semicircles for the imped-
ance plot of Bao.es Sro.3s TiOs ceramics in the fre-
quency range from SHz to 13MHz. The semicircle
in low frequency can be equalized as a parallel cir-
cuit of a resistor and a capacitor and the semicircle
in high frequency can be equalized as a resis
tor'®" * " as shown in Fig. 2(b). The complex im-
pedance Z of Bao.es Sro.3s TiOs ceramics can be ex-

pressed with the following formulation'*:

Z= Rt (R4 jeCu) (2)

gb
where R, is the resistance of grains, R, is the re-
sistance of grain boundary and ®is the angular fre-
quency. From the formulation above, the real part
of the complex impedance can be expressed as
Ry,

Z = Rt 7] (ORwCa)’ (3)

It indicates that when ®—00, Z —R, . Fitting
the curve, on the real axis the interception can be

considered as R,. From Eqn. (2), the imaginary

part of the impedance can be deduced as

2 OCpRy

7= RT3 (0CaRw)> (4)

At the maximum of the imaginary part of the
impedance, the relation is satisfied:

LRy = 1 (5)

Then R, can be estimated. It can be seen
from the impedance plot that R, is about 5 €,

while R, is about 20 kQ, which indicates that the
grain boundary effects play an important role in

Bao.esSro.35T 103 ceramics.

From Fig. 2(¢) the relaxation time T can also
be calculated according to the formulation @..T= 1
at the maximum of the imaginary part of the im-
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pedance. The relaxation time of grain boundary T
and that of grain T can be calculated from the fre-
quency of the peak imaginary as 7 x 10"’ s and
3.1x 10 °s, respectively. This indicates that the
movement of the dipole in the grain boundary is
more difficult than in the grains.

3.3 Ferroelectric properties

The remanent polarization and the coercive
field of BST ceramics are listed in Table 1. It can
be seen that the coercive field increases with the in-
crease of the doping glass content, while the rema-
nent polarization decreases with the increase of the
doping glass content when the doping content is
lower than 8% . B203-Si02 has no ferroelectricity,
so that the content increases, the ferroelectricity of
the ceramics decreases and the remanent polariza-
tion decreases. At the same time, as B203-SiO:
content increases the grain size decreases and the
ratio of the grain boundary in the ceramics increa
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Table 1 Remanent polarization and
coercive field of BST ceramics

B203-Si02 doped Remanent Coercive
Specimen ( molar fraction)/ polarization/ field/
% (BC+em™?) (kV - em™ )
BST 1 0 12.2 67
BST 2 1 9.4 142
BST 3 5 6.9 156
BST 4 8 13.9 176

ses, so the movement of the domain becomes more
difficult, which causes the increase of the coercive
field. In Table 1, it's very clear that when the con-
tent of B203-Si02 reaches 8%, the remanent polar-
ization increases abruptly. It may be caused by a
new material formed in the ceramics. The typical
P —F hysteresis loop of Bao.es Sro.3s TiOs ceramics
in Fig. 3(a) is slimmer than that of 8% B,03-SiO,

(molar fraction) doped ceramics in Fig.3(b),
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Fig.2 Typical impedance plot and its equivalent circuit
(a) —Impedance plot; (b) —Equivalent circuit; (¢) —Frequency dependence of imaginary part of impedance
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Fig.3 Typical hysteresis loops of BST ceramics
(a) —BST ceramics; (b) —8% B203-Si02( molar fraction) doped BST ceramics
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which is also confirmed in T able 1.
4 CONCLUSIONS

The sintering temperature of BST ceramics
prepared by conventional solid-state reaction meth-
od is decreased by adding B203-Si02. Investigation
of the effects of glass doping shows that the dielec
tric constant and the dielectric loss of B203-Si02
doped Bao.es Sro.ss TiO3 ceramics decrease as the
glass content increases. From the typical imped-
ance plot of BST ceramics at 355 C, the resist-
ances of grain and grain boundary can be calculated
as 5 Q and 20 kQ, respectively. The relaxation
time of grain boundary and gain can also be calcu-
lated from the frequency dependence of imaginary
part of impedance as 7% 10" *s and 3. 1x 10" °s, re-
spectively. The coercive field increases, while the
remanent polarization decreases with the increase
of the doping glass content, which indicates that
doping B203-SiO2 decreases the ferroelectricity of
Bao.6sSro.35 T103 ceramics.
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