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Abstract The BaggySrg20Ti;-,Sn, 05 (BSTS) ceramics
were prepared by conventional ceramic method. The
crystalline structure and morphology were studied by X-
ray diffraction and scanning electron microscopy, respec-
tively. The dielectric constant and loss as a function of
temperature and external bias electric field were investigat-
ed. Experimental results show that with the increasing of
sintering temperature, the peak permittivity increases
dramatically and tand increases at ferroelectric state while
does not change apparently at paraelectric state. With the
increasing of the Sn*" concentration in the BSTS structure,
the Curie temperature decreases.

Keywords Ba,;_,Sr,Ti;—,Sn,O; ceramics -
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1 Introduction

Many experimental and theoretical studies have been
performed on the dielectric properties of barium titanate.
The Curie temperature of BaTiOj3 is about 120 °C. Thus the
application of BaTiO;z ceramics at room temperature is
limited for its high 7.. However, the structural and electrical
properties can be modified via partial substitution of either
Ba-ions (A-site doping) or Ti-ions (B-site doping) which
make the cubic structure more stable relative to the
tetragonal structure than in pure BaTiO; [1].

The structure and dielectric properties of barium stron-
tium titanate system (by substituting Ba ions at the A-site of
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BaTiO; with Sr) and barium titanate stannate system (by
substituting Ti ions at the B-site of BaTiO; with Sn) have
been widely studied by many researchers [2—8]. However,
little work has been reported on BSTS that is obtained by
substituting ions at the A-site and B-site of the BaTiO5 simul-
taneously with Sr and Sn in the perovskite structure ABOs.
The present paper reports on the BaggoSry-oTi;—,SnO;
(BSTS) by solid-state reaction for different concentrations of
Sn. The dielectric properties as a function of temperature and
external bias electric field were studied.

2 Experimental procedure

The Bao_gosro_onilfxsnXO:x, (BS()]TSX, X:0.06, 008, 010,
0.12, 0.14) were prepared by conventional ceramic method
with high-purity BaTiO;, SrTiO;, BaCO; and SnO,.
Stoichiometric composition of the chemicals was thorough-
ly mixed in distilled water by ball milling with zirconia
balls for 12 h. The mixture was dried granulated and
calcined at 1050 °C for 3 h, then crushed and ball-milled
again for 24 h to obtain fine powders. The calcined
powders were mixed with 8 wt.% of polyvinyl alcohol
solution and then pressed into disc-shaped pellets with a
diameter of 10 mm. The green pellets were sintered in air at
1150, 1200, 1250, 1300, 1350 °C for 2 h. Heating rate was
kept at 3 °C/min.

The structure of the samples was analyzed by X-ray
diffraction method using BRUCKER D8 powder diffrac-
tometer using CuKy radiation in a range of 20°<20<70°.
The microstructure and the grain size were investigated by
scanning electronic microscopy (SEM, JSM EMP-800).
For dielectric property study, ceramic disks were polished
and electroded with silver paste by painting onto the surface
and then fired at 520 °C for 20 min. The dielectric constant
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Fig. 1 XRD patterns of BS( (TS, ceramics

and loss of the samples were measured in the temperature
range of —50 to 150 °C using a HP 4284A LCR meter. The
dielectric constant and loss were also measured under
external biased electric field using Th2816 LCR meter. The
direct current (dc) electric field was applied on the polished
disks with a thickness of 0.3 mm by a Keithley Model 6517
Electrometer.

Fig. 2 SEM photographs of
BS)20TS¢.06 samples sintered at
(a) 1150 °C, (b) 1200 °C, (c)
1250 °C, (d) 1350 °C for 2 h
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Fig. 3 Temperature dependence of the dielectric constant and tand (at
1 kHz) for BS(20TS¢.06 samples sintered at different temperature

3 Results and discussion

The X-ray diffraction pattern of the BS(,TS, ceramics
sintered at 1300 °C for 2 h are shown in Fig. 1. The
diffraction patterns indicate that the samples are perovskite
structure without any secondary phase.

Figure 2 shows SEM images of the BS(,0TSq.06
ceramics sintered at various temperatures from 1150 to
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BS0.20TS0.06 6 34.1 18980
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BS0.20TSo.10 10 6.4 8.0 6.9 19103
BS0.20TSo.12 12 -8.2 7.3 18981
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1350 °C. With the increasing of sintering temperature, the
grain size increases dramatically.

The variation of dielectric constant with sintering
temperature for the BS(,0TSg s ceramic is shown in
Fig. 3. An obvious feature is that the peak permittivity
decreases and its temperature spectrum broadens with the
decreasing of sintering temperature. When the sintering
temperature increases from 1150 to 1350 °C, the peak
permittivity increases from 7,200 to 22,428. That is because
the grain size increases largely with the increasing of sin-
tering temperature as shown in Fig. 2. Another feature of
the dielectric behavior is that with the increasing of

Table 1 Dielectric property of BSg ,0TS, (samples sintered at 1300 °C
for 2 h).

Sample Sn** T. (°C) Rate of T, gpek
content (%) shifting
(°C/mol%)
BS0.20TS0.06 6 34.1 6.9 18,980
BS0.20TSo.08 8 22.5 5.8 18,321
BS0,0TSo.10 10 6.4 8.0 19,103
BS0,0TSo.12 12 —8.2 7.3 18,981
BS0,0TSo.14 14 -21.4 6.6 14,442

sintering temperature, tand increases at the ferroelectric
state, while does not change obviously at paraelectric state.
Furthermore, tand is much lower in the paraelectric state
(~0.001) than in the ferroelectric state (~0.04), owing to the
disappearance of domain [9].
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Fig. 5 &-E characteristics of BS20TS6-1300 ceramic at room
temperature (100 kHz)
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Figure 4 shows the temperature dependence of dielec-
tric constant for BS(,oTS, with different Sn content
sintered at 1300 °C for 2 h. First, we can see a clear Curie
peak for all the curves, due to the phase transition from
cubic to tetragonal phase. When the temperature is above
the Curie point, the thermal energy of the crystal lattice is
high enough to make all equilibrium positions of the
titanium ion equally, and the cubic symmetry will be
stabilized for all cells. When the temperature is below the
Curie temperature, the thermal energy is no longer
enough to overcome the electric forces of interaction
between separate cells with displaced titanium and
oxygen ions (such cells obviously acquire electrical polar
moment and become dipoles). The material transforms
into spontaneous polarization. The displacement of
titanium and oxygen slightly distorts the shape of cell.
The axis along which displacement takes place elongated
and the other two axes shortened, and the cubic
crystalline structure turns into tetragonal. Thus, a phase
transition takes place when the temperature passes
through the Curie point [10]. Second, another unobvious
peak can only be observed from the curve of BS( 0TS¢ 06
ceramics, due to the phase transition from the tetragonal to
trigonal phase. With the increasing of Sn*" concentration,
the overlap of two phase transition (cubic—tetragonal,
tetragonal-trigonal) into one can be observed and the
diffuseness of this transition increases. The samples with
higher content of Sn*" exhibit more gentle slope of
permittivity to temperature. It can be regarded as a result
that the barium stannate is a non-ferroelectric component
[7, 10]. Third, from all these curves, we can see that the
Curie temperature is shifted to lower temperature as the
amount of tin increases. In the BaTiO; structure, the Ba®"
(~1.34 A) is replaced by smaller St** (~1.27 A) and Ti*"
(~0.76 A) is replaced with larger Sn*" (~0.93 A). As a
result, the observations can be explained in terms of the
decrease in polarizability due to more tightening of the
bond between the Sn*" and the O ions[1]. Experimental
data show that the Curie temperature decreases at an
average rate of 6.9 K/mol% as the amount of Sn*"
increases. The Curie temperature of BS( (TS, ceramics is
listed in the Table 1, and together with the value of
permittivity at the Curie point.

The effect of dc bias on the dielectric constant and loss
of the BSTS was studied by varying applied dc field. The
typical dc field dependence of the dielectric constant and
tand for the composition BSg 0TS¢ o ceramics sintered at
1300 °C for 2 h at 100 kHz is shown in Fig. 5. When
applying a dc field, the dielectric constant reduces strongly.
The tunability (k) is defined as the percentage change of the
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dielectric constant under a specific dc bias. It is calculated
by using the expression:

£(0) —&(E)

ST

x 100% (1)
where £(0) and £(E) represent the dielectric constant at zero
and a certain E field, respectively. The tunability measure-
ments were taken with an applied electric field that range from
0 to £23 kV/cm at 100 kHz. The tunability of Bag goSrg 20
Tig 94Sng 0603 under sintering condition of 1300 °C for 2 h
is the largest and reaches about 88.6% at applied electric
field of 23 kV/cm. The values of tand at 100 kHz range
from 0.0122 at zero bias to 0.0074 at 23 kV/cm.

4 Conclusion

The Bay goSrg.20Ti;-,Sn, 05 ceramics were prepared by con-
ventional solid-state reaction. The BSTS ceramics are single
perovskite phase. As the sintering temperature decreases, the
peak permittivity decreases and its temperature spectrum
broadens while the dielectric loss decreases within the
ferroelectric state but does not change obviously at para-
electric state. With the increasing of Sn*" concentration, the
two phase transitions (cubic—tetragonal, tetragonal—trigonal)
overlap into one and the diffuseness of this transition
increases. Experimental data show that the Curie temperature
decreases at an average rate of 6.9 K/mol% as the amount of
Sn** increases. The maximum tunability of 88.6% at applied
electric field of 23 kV/cm is achieved from BaggoSrg o
Tig.94Sng 0603 under sintering condition of 1300 °C for 2 h.
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