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Microstructure and dielectric properties of La2O3 doped Ti-rich barium strontium titanate ceramics, prepared by solid state
method, were investigated with non-stoichiometric level and various La2O3 content, using XRD, SEM and LCR measuring
system. With an increase of non-stoichiometric level, the unit cell volumes of perovskite lattices for the single phase Ti-rich
barium strontium titanate ceramics increased due to the decreasing A site vacancy concentration V′′A. The unit cell volume
increased and then decreased slightly with the increasing La2O3 content. Relatively high non-stoichiometric level and high
La2O3 content in Ti-rich barium strontium titanate ceramics contributed to the decreased average grain size as well as fine
grain size distribution, which correspondingly improved the temperature stability of the relative dielectric constant. The relative
dielectric constant εrRT, dielectric loss tanδRT and the maximum relative dielectric constant εrmax decreased and then increased
with the increasing non-stoichiometric level. With the increase of La2O3 doping content, the relative dielectric constant εrRT
increased initially and then decreased. The maximum relative dielectric constant εrmax can be increased by applying low doping
content of La2O3 in Ti-rich barium strontium titanate ceramics due to the increased spontaneous polarization.
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1. Introduction
Barium titanate BaTiO3 (BT) is a typical ABO3

perovskite structure material [1] well-known for its
excellent electric properties, which allow for its
utilization in a variety of electronic applications
such as multilayer capacitors, positive temperature
coefficient resistors, transducers and so on [2–4].
The high relative permittivity and low dielectric
loss of the material are favored in the microelec-
tronics industry since they enable device miniatur-
ization. Barium strontium titanate BaxSr1−xTiO3
(BST) is a solid solution family composed of bar-
ium titanate and strontium titanate with the Curie
temperature covering a wide range from −250 °C
to 120 °C. BaTiO3 can transform upon temper-
ature through the cubic paraelectric, ferroelectric
tetragonal, orthorhombic and rhombohedral phase
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in descending order [5, 6]. When strontium atoms
are introduced into A site in a perovskite barium ti-
tanate matrix to replace barium atoms, the phase
transition temperature from paraelectric to ferro-
electric decreases and the phase transition behav-
ior changes from sharp to diffuse, which makes
the temperature stability of dielectric parameters of
BST ceramics better than that of BT ceramics in the
phase transition temperature range [7]. However,
in order to enable the BST ceramics to become a
candidate for temperature stable “X7R” capacitor,
one of the multilayer ceramic capacitor categories
based on the standards of Electronic Industries As-
sociation (EIA) [8], the conflict between the excel-
lent dielectric properties at room temperature and
good dielectric temperature stability in the uniform
BST ceramics [9] has to be overcome.

In the past decade, an effective process of intro-
ducing dopants of rare earth elements into BST at
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A and/or B site, was used rather than controlling
Ba/Sr ratio to modify the BST dielectric proper-
ties [10–13]. The rare-earth element is found to be
an effective factor in controlling the temperature-
dependence of the dielectric properties. Doping a
large rare-earth ion, such as La3+, into the stoi-
chiometric BST lattice results in the strong broad-
ening of the Curie peak [14]. In our previous
work, we have found that with the increase of
La2O3 doping content, the dielectric constant and
dielectric loss at room temperature for the sto-
ichiometric (Ba0.74Sr0.26)TiO3 ceramics increase
considerably [15].

It is well known that the dielectric properties
of BaTiO3 ceramics are not only dependent on the
oxygen partial pressure (pO2) and sintering tem-
perature/time but also the overall A/B ratio [16].
Recently, some influences of A/B ratio on the mi-
crostructures and dielectric properties in BST ce-
ramics have been gradually explained. Dong et
al. [9] concluded that adding excessive TiO2 could
remarkably inhibit grain growth, as well as sup-
press and broaden the Curie peaks in composition-
ally inhomogeneous BST ceramics.

The above two methods, helping broaden the
BST Curie peak, evoke our interests in the dielec-
tric properties of rare earth element doped non-
stoichiometric BST ceramics aiming for “Y5V” or
“X7R” capacitor applications. Therefore, in this ar-
ticle we report a systematic study of the microstruc-
ture, point defect behavior and dielectric proper-
ties of Ti-rich (Ba0.75Sr0.25)Ti1+δO3+2δ ceramics
(A/B ratio <1) taking the trivalent La3+ ions as a
dopant. The influences of δ value (namely the non-
stoichiometric level) and La2O3 doping content on
the point defect behavior and the dielectric prop-
erties of barium strontium titanate ceramics are
discussed.

2. Experimental
Chemical compositions of the La2O3 doped

Ti-rich barium strontium titanate specimens are
given by the formula (Ba0.75Sr0.25)Ti1+δO3+2δ+ x
wt.% La2O3 + 1.0 wt.% Sb2O3 (δ = 0, 0.002,
0.004, 0.006, 0.008; x = 0, 0.4, 0.8, 1.2, 1.6). The

sample number for each chemical composition is
shown in Table 1. High purity BaCO3 (>99.0 %),
SrCO3 (>99.0 %), TiO2 (>98.0 %) powders used
as starting raw materials were weighed according
to the above formulas, ball-milled for 14 h, dried
and calcined at 1080 °C for 2 h. The calcined pow-
ders were mixed with La2O3 (> 99.99 %) and
Sb2O3 (> 99.0 %), reground, dried and added with
5 wt.% polyvinyl alcohol (PVA) as a binder for
granulation. The mixture was sieved through 60-
mesh screen and then pressed into pellets, 10 mm
in diameter and 2 mm in thickness under 250 MPa
pressure. Sintering was conducted in air at tem-
peratures between 1300 °C and 1330 °C for 1 to
4 h. For dielectric measurements, both flat surfaces
of the specimens were coated with BQ-5311 silver
paste after ultrasonic bath cleaning and then fired
at 800 °C for 10 min.

The crystal structures of the specimens were
studied by X-ray diffraction analysis (XRD,
Rigaku D/max 2500v/pc) with CuKα radiation.
The surface morphologies of the specimens were
observed using the SEM (JSM-6480 ESEM). The
capacitance value, electrical resistance R and dis-
sipation factor D were measured with LCR-8101G
Automatic LCR Meter at 1 kHz. The relative di-
electric constant εr , the loss tangent tanδ and DC
resistivity ρ were calculated as follows:

εr =
1.44×1011Ch

Φ2 (1)

tanδ = D (2)

ρ =
πRΦ2

4h
(3)

where C is the capacitance value [F], h is the thick-
ness [m], Φ is the diameter of the electrode [m] and
R is the DC resistance [Ω]. An automatic measur-
ing system consisting of an automatic LCR meter
and THP-F-100 temperature control unit was used
to record the temperature dependence of dielectric
parameters in the temperature range of 20 °C to
50 °C at 1 kHz.
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Table 1. Chemical compositions of the specimens.

Sample No. δ x Composition

A0 0.000 0 (Ba0.75Sr0.25)TiO3 + 1.0 wt.% Sb2O3

A1 0.002 0 (Ba0.75Sr0.25)Ti1.002O3.004 + 1.0 wt.% Sb2O3

A2 0.004 0 (Ba0.75Sr0.25)Ti1.004O3.008 + 1.0 wt.% Sb2O3

A3/B0 0.006 0 (Ba0.75Sr0.25)Ti1.006O3.012 + 1.0 wt.% Sb2O3

A4 0.008 0 (Ba0.75Sr0.25)Ti1.008O3.016 + 1.0 wt.% Sb2O3

B1 0.006 0.4 (Ba0.75Sr0.25)Ti1.006O3.012 + 0.4 wt.% La2O3+1.0wt.% Sb2O3

B2 0.006 0.8 (Ba0.75Sr0.25)Ti1.006O3.012 + 0.8 wt.% La2O3 + 1.0 wt.% Sb2O3

B3 0.006 1.2 (Ba0.75Sr0.25)Ti1.006O3.012 + 1.2 wt.% La2O3 + 1.0 wt.% Sb2O3

B4 0.006 1.6 (Ba0.75Sr0.25)Ti1.006O3.012 + 1.6 wt.% La2O3 + 1.0 wt.% Sb2O3

3. Results and discussion
3.1. XRD and SEM analysis

The X-ray diffraction patterns of as sintered
La2O3 doped (Ba0.75Sr0.25)Ti1+δO3+2δ bulk ce-
ramics are shown in Fig. 1. As indicated in Fig. 1a,
all these polycrystals are single-phase solid solu-
tions with a typical perovskite structure, which im-
plies that La3+ ions have been incorporated into the
lattice of the non-stoichiometric barium strontium
titanate solid solution. The XRD profiles focusing
on the (1 1 0) diffraction peaks of the BST samples
with different non-stoichiometric levels (namely δ)
and La2O3 doping concentrations (namely x) are
presented in Fig. 1b and Fig. 1c, respectively. With
the increase of δ, a slight shift of diffraction peaks
for the perovskite phase to lower two-theta values
is observed (Fig. 1b), which indicates that the unit
cell volumes of ABO3 perovskite lattices increase
as the δ increases. Also, the lattice parameters a and
c of the tetragonal cell as well as the unit cell vol-
umes, shown in Fig. 2, are calculated according to
the peak locations and Miller indices. It can be seen
that the unit cell volumes of perovskite lattice in-
crease as the δ increases.

Fig. 1c shows that the diffraction peaks move
towards lower two-theta values and then shift to
higher two-theta values as the La2O3 doping con-
tent increases in (Ba0.75Sr0.25)Ti1.006O3.012 ceram-
ics, which reveals a variation of the unit cell volume
of the La2O3 doped Ti-rich BST ceramics. Fig. 3
shows the lattice parameters a and c of the tetrago-
nal cell as well as the unit cell volume as a function

of La2O3 content. It is found that with the increase
of La2O3 addition content, the unit cell volume in-
creases and then decreases slightly.

It is believed that A-site vacancies V′′A and oxy-
gen vacancies V..

O, which are revealed by the fol-
lowing point defect reaction equation:

(Ba0.75Sr0.25)Ti1+δ O3+2δ → 0.75BaBa (4)

+0.25SrSr +(1+δ )TiTi +(3+2δ )OO +δV ′′A
+δV ..

O

may appear in the Ti-rich
(Ba0.75Sr0.25)Ti1+δO3+2δ ceramics. There-
fore, the concentration of V′′A and V..

O vacancies
increases with the increasing δ value. As reported
previously, with increasing Sb2O3 concentration
in Ti-rich BST ceramics, Sb3+ ions initially enter
the A-site vacancies V′′A to diminish the V′′A
concentration and then partially substitute for the
A-site ions in perovskite lattice to generate more
A-site vacancies VA

′′ [17]. So, in the considered
1.0 wt.% Sb2O3 doped (Ba0.75Sr0.25)Ti1+δO3+2δ
ceramics, the larger the δ value, the more Sb3+

ions are needed to neutralize the A-site vacancies
V′′A shown in equation 4 and less remaining
Sb3+ ion can contribute to the generation of new
V′′A, which means that the larger the δ value,
the less V′′A vacancies remain in the present
(Ba0.75Sr0.25)Ti1+δO3+2δ ceramics. It is exactly
the decreasing V′′A concentration that makes the
unit cell volume increasing with the increase of δ
value.
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Fig. 1. XRD patterns of La2O3 doped
(Ba0.75Sr0.25)Ti1+δO3+2δ ceramics, (a) for
all studied samples; profiles focusing on (1
1 0) diffraction peaks for (b) samples with
different δ; (c) samples with different x.

With lanthanide contraction, the site occupation
of rare earth ions in BaTiO3 changes as follows: Ba
sites → both Ba and Ti sites → Ti sites [18]. It
is believed that La3+ ions commonly enter the A
sites of BT [19] and BST perovskite structure [14].

Fig. 2. The lattice parameters and unit cell volumes
of (Ba0.75Sr0.25)Ti1+δO3+2δ samples as a func-
tion of non-stoichiometric level δ.

Since the equation 4 is valid and A-site vacancies
V′′A exist in the (Ba0.75Sr0.25)Ti1+δO3+2δ ceramics,
after doping La2O3, La3+ ions gradually enter the
A-sites in perovskite lattice to fill in the A-site va-
cancies V′′A. Until the A-site vacancies V′′A are neu-
tralized by La3+ ions, A-site ions in the perovskite
lattice start to be partially occupied by La3+ ions.
Then the following defect reaction takes place:

La2O3→ 2La.A +VA
′′+3OO (5)

Therefore, the V′′A concentration decreases first
and then increases with the increasing La2O3 dop-
ing content and correspondingly the unit cell vol-
ume increases and then decreases with the increase
of La2O3 content. In terms of size, the ionic radii
of Ba2+and Sr2+ in 12 coordination are 0.161 nm
and 0.144 nm, respectively. The radius of La3+ ion
in 12 coordination is 0.132 nm which is smaller
than that of A-site ions. When La3+ ions substitute
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Fig. 3. The lattice parameters and unit cell volumes
of (Ba0.75Sr0.25)Ti1+δO3+2δ samples as a func-
tion of La2O3 content x.

the host A-site ions, the unit cell volume decreases
with increasing La2O3 content due to the smaller
ionic size of La3+. For (Ba0.75Sr0.25)Ti1+δO3+2δ
samples with high La2O3 content, both the increas-
ing V′′A concentration and the smaller ionic radius
of La3+ contribute to the decrease of the unit cell
volume.

Fig. 4 shows the surface morphologies of La2O3
doped Ti-rich (Ba0.75Sr0.25)Ti1.006O3.012 ceramics.
It appears that all the samples exhibit dense mi-
crostructure and no abnormal grain growth is ob-
served. There is no obvious change in the av-
erage grain size between the 0.4 wt.% La2O3
doped (Ba0.75Sr0.25)Ti1.006O3.012 ceramics and the
0.8 wt.% La2O3 doped ones, showing that the low
La2O3 addition level makes little contribution to
refining the grain size. However, the distinctly de-
creased average grain size and fine grain size dis-
tribution can be obtained in 1.6 wt.% La2O3 doped
(Ba0.75Sr0.25)Ti1.006O3.012 ceramics.

(a)

(b)

(c)

Fig. 4. SEM micrographs of La2O3 doped
(Ba0.75Sr0.25)Ti1.006O3.012 ceramics: (a)
La2O3 = 0.4 wt.%; (b) La2O3 = 0.8 wt.%; (c)
La2O3 = 1.6 wt.%.

The surface morphologies of
(Ba0.75Sr0.25)Ti1+δO3+2δ ceramics are shown
in Fig. 5. The refinement of the grain size
distribution is observed with the increasing
non-stoichiometric level δ. In addition, the av-
erage grain size of (Ba0.75Sr0.25)Ti1.008O3.016
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(a)

(b)

(c)

Fig. 5. SEM micrographs of (Ba0.75Sr0.25)Ti1+δO3+2δ
ceramics: (a) δ = 0.002; (b) δ = 0.004; (c)
δ = 0.008.

(δ = 0.008) ceramics is much smaller than that
of (Ba0.75Sr0.25)Ti1.002O3.004 (δ = 0.002) and
(Ba0.75Sr0.25)Ti1.004O3.008(δ = 0.004) ceramics.

3.2. Dielectric characteristics
Table 2 shows the relative dielectric constant

and dielectric loss of (Ba0.75Sr0.25)Ti1+δO3+2δ ce-
ramics as a function of non-stoichiometric level δ
at room temperature. It is obvious that all the non-
stoichiometric (Ba0.75Sr0.25)Ti1+δO3+2δ ceramics
possess high relative dielectric constant which is
more than 3500 at room temperature. The relative
dielectric constant and dielectric loss decrease and
then increase with the increasing δ value.

Fig. 6. Temperature dependence of (a) relative di-
electric constant and (b) dielectric loss for
(Ba0.75Sr0.25)Ti1+δO3+2δ ceramics.

Temperature dependence of the relative di-
electric constant and dielectric loss for the
(Ba0.75Sr0.25)Ti1+δO3+2δ ceramics is shown in
Fig. 6. The relative dielectric constant first in-
creases, achieves a maximum (εrmax) and then
decreases with increasing temperature. As shown
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Table 2. Dielectric parameters for (Ba0.75Sr0.25)Ti1+δ O3+2δ ceramics.

δ εrRT tanδ RT ε rmax
∆C/C (−20 °C to 45 °C)

[%]
TCC [ppm/°C]

0.000 8760 0.0348 15644 −46.3 to +78.6 −60270 to +3819
0.002 7803 0.0174 12101 −40.6 to +55.1 −46091 to +1897
0.004 5539 0.0146 7258 −31.9 to +31.0 −38775 to 0
0.006 3788 0.0242 4505 −18.6 to +18.9 −16621 to 0
0.008 3848 0.0307 4551 −21.2 to +18.3 −17325 to 0

in Table 2, the relative dielectric constant max-
imum decreases significantly and then increases
slightly with the increasing δ value. Also, it is
noteworthy that in the whole temperature range
the higher the δ value, the lower the relative di-
electric constant of (Ba0.75Sr0.25)Ti1+δO3+2δ ce-
ramics. The diffused phase transition is visible
in (Ba0.75Sr0.25)Ti1+δO3+2δ ceramics with high
δ value. The percentage of capacitance variation
(∆C/C) and the temperature coefficient of capaci-
tance (TCC) used for accessing the temperature sta-
bility of relative dielectric constant are calculated
according to equation 6 and equation 7:

∆C/C =
Ct −CRT

CRT ×100 %
(6)

TCC =
Ct −CRT

CRT (Tt −25)
(7)

where CRT is the capacitance value at room temper-
ature (namely 25 °C); Ct is the capacitance value
at any other temperature. As shown in Table 2,
the percentage of capacitance variation decreases
with the increase of δ value, which indicates that
Ti-rich (Ba0.75Sr0.25)Ti1+δO3+2δ ceramics with
high non-stoichiometric level are promising for
the temperature stable capacitor applications. In
other words, the temperature stability of relative
dielectric constant for (Ba0.75Sr0.25)Ti1+δO3+2δ
ceramics can be improved by increasing δ, which
can be explained using the so called grain bound-
ary effect. The diffusion of non-ferroelectric
grain boundaries among the barium strontium
titanate ferroelectric grains helps the orientation
of ferroelectric domains below the Curie temper-
ature, which makes the ferroelectric-paraelectric
phase transition possible in a relative broad

temperature range. The average grain size of
(Ba0.75Sr0.25)Ti1+δO3+2δ ceramics with high
non-stoichiometric level is reduced obviously
compared with the low non-stoichiometric level
samples, which means the grain boundary buffer-
ing effect becomes more significant in high
non-stoichiometric level samples. Macroscopi-
cally, the Curie peak for high δ samples is broader
than that for low δ ones, as shown in Fig. 6a.
It was reported that the lattice deformation and
inner stresses can cause the increase in relative
dielectric constant [20]. The decreasing V′′A
concentration resulting in the expansion of unit
cell volume with the increase of δ value, as
mentioned above, makes the lattice deformation
and inner stress in (Ba0.75Sr0.25)Ti1+δO3+2δ
ceramics released, which explains the decrease
of εrRT and εrmax with the increasing δ value
in present (Ba0.75Sr0.25)Ti1+δO3+2δ ceramics.
As shown in Fig. 6b, the non-stoichiometric
(Ba0.75Sr0.25)Ti1+δO3+2δ ceramics exhibits
lower dielectric loss than that of stoichiomet-
ric (Ba0.75Sr0.25)TiO3 ceramics in the studied
temperature range.

Above the ferroelectric- paraelectric transition
temperature, the relative dielectric constant of fer-
roelectrics as a function of temperature can be de-
scribed by the Curie-Weiss law:

εr =
k

T −T0
(8)

where k is the Curie constant and T0 is the Curie-
Weiss temperature. Therefore, the temperature de-
pendence of inverse dielectric constant 1/εr can be
expressed linearly:

1/εr =
1
k
·T − T0

k
(9)
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Fig. 7. Temperature dependence of inverse dielectric
constant for (Ba0.75Sr0.25)Ti1+δO3+2δ ceram-
ics.

The temperature dependence of inverse di-
electric constant for (Ba0.75Sr0.25)Ti1+δO3+2δ ce-
ramics is shown in Fig. 7. The Curie-Weiss
temperature and Curie transition temperature for
(Ba0.75Sr0.25)Ti1+δO3+2δ ceramics are shown in
Table 3. With an increase in δ, there is no ob-
vious shift for Curie temperature which is con-
stant at about 9 °C for all (Ba0.75Sr0.25)Ti1+δO3+2δ
samples. A large difference between the Curie-
Weiss temperature and Curie temperature of
(Ba0.75Sr0.25)Ti1+δO3+2δ samples with high non-
stoichiometric level can be noticed.

Table 3. Characteristic constants of the ferroelectric
transition for (Ba0.75Sr0.25)Ti1+δO3+2δ ce-
ramics.

δ Tc [°C] Tc−w [°C]

0.000 9.3 13
0.002 9.1 10
0.004 9.2 −3
0.006 8.9 −31
0.008 8.6 −28

Table 4 shows the relative dielectric con-
stant, dielectric loss and resistivity of La2O3
doped (Ba0.75Sr0.25)Ti1.006O3.012 ceramics as a
function of La2O3 content at room temperature.

With the increase of La2O3 doping content, the
relative dielectric constant and resistivity increase
initially and then decrease. The 1.2 wt.% La2O3
doped sample still has a high relative dielectric con-
stant which is more than 3500. The dielectric loss
decreases with the increasing La2O3 content.

Table 4. Dielectric parameters for La2O3 doped
(Ba0.75Sr0.25)Ti1.006O3.012 ceramics.

x εrRT tanδRT
ρRT

[104 Ω·m]

0 3788 0.0242 2.25
0.4 5381 0.0236 2.70
0.8 4002 0.0217 4.24
1.2 3772 0.0125 1.60
1.6 2612 0.0103 0.97

Temperature dependence of the relative dielec-
tric constant and dielectric loss for La2O3 doped
(Ba0.75Sr0.25)Ti1.006O3.012 ceramics is shown in
Fig. 8. The Curie temperature of 0 wt.%
La2O3 doped (Ba0.75Sr0.25)Ti1.006O3.012 ceramics
is above 0 °C as mentioned previously. The
Curie temperature of 0.4 wt.% La2O3 doped
(Ba0.75Sr0.25)Ti1.006O3.012 ceramic is −3.6 °C
while those of the samples with high La2O3 con-
tent are below −18 °C, which falls out of the
studied temperatures range. The maximum rela-
tive dielectric constant εrmax of 0 wt.% La2O3
doped sample is 4505 as shown in Table 2 while
that of 0.4 wt.% La2O3 doped sample is around
15972. The εrmax of 0.8 wt.% La2O3 doped sam-
ple is higher than 17500, which implies that low
La2O3 doping content can enhance the permit-
tivity maximum value. Similar phenomenon has
been reported for BaTiO3 ceramics. For the com-
position Ba1−xLaxTi1−x/4O3, where x = 0.05, the
permittivity has a maximum value of 19000 at
18 °C, compared with a typical value of 10000
at 130 °C in undoped BaTiO3 ceramics [21]. The
value of permittivity maximum at the tetrago-
nal/cubic phase transition in ceramic samples pre-
pared in O2 increased to ∼25 000 for x = 0.06 at
−9 °C [22].

With increasing La2O3 doping content, the
decreased V′′A concentration and correspondingly
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the increased unit cell volume lead to a longer
distance between the central ion and its nearest
neighbors in the oxygen octahedron in perovskite
lattice as well as the decreased inner stresses.
The movement of the central ion is relatively less
confined, which enhances the spontaneous polar-
ization of the perovskite grain lattice and results
in increasing εrmax for low La2O3 content doped
non-stoichiometric BST ceramics. However, the
decreased inner stresses which make the εrmax
decreasing become competitive against the in-
creased spontaneous polarization. Apparently, the
increased spontaneous polarization is the predom-
inant factor for La2O3 doped samples between the
conflicting two since the εrmax increases with the
increasing La2O3 content. When La3+ions substi-
tute the host A-site ions in high La2O3 content sam-
ples, such as B4, the weakened spontaneous polar-
ization, which is attributed to the decreased unit
cell volume and thus the decreased εrmax, can be
predicted.

As shown in Fig. 8, the flattened curves of rel-
ative dielectric constant as a function of temper-
ature for the 0 wt.% and 1.6 wt.% La2O3 doped
(Ba0.75Sr0.25)Ti1.006O3.012 ceramics indicate an im-
proved temperature stability compared with the low
doping content samples such as B1, B2 and B3. The
decreased average grain size and fine grain size dis-
tribution in high La2O3 content samples, as shown
in Fig. 4c, contribute to the improvement of relative
dielectric constant temperature stability.

4. Conclusions
The La2O3 doped Ti rich barium strontium

titanate ceramic samples for capacitor applica-
tions were prepared by conventional solid state
method. Their microstructures and dielectric prop-
erties were investigated with non-stoichiometric
level and various La2O3 content by SEM, XRD and
LCR measuring system. It is revealed that:

1. 0 wt.% to 1.6 wt.% La2O3 doped
(Ba0.75Sr0.25)Ti1+δO3+2δ (δ = 0 to 0.008)
bulk ceramics are single-phase solid solu-
tions with a typical perovskite structure.
The unit cell volumes of Ti-rich barium

Fig. 8. Temperature dependence of relative dielectric
constant and dielectric loss for La2O3 doped
(Ba0.75Sr0.25)Ti1.006O3.012 ceramics.

strontium titanate perovskite lattice increase
with the increase of non-stoichiometric
level. With the increasing La2O3 content,
the unit cell volume increases and then
decreases slightly owing to the variation
of V′′A concentration and the difference of
ionic radii between La3+ ions and A-site
host ions.

2. The average grain size and grain size dis-
tribution of Ti-rich barium strontium ti-
tanate ceramics can be refined by using rel-
atively high non-stoichiometric level and
high La2O3 content.

3. The relative dielectric constant and di-
electric loss at room temperature as well
as the relative dielectric constant maxi-
mum decrease and then increase with the
increasing non-stoichiometric level. Also,
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the temperature stability of the relative di-
electric constant for Ti-rich barium stron-
tium titanate ceramics can be improved by
increasing non-stoichiometric level due to
the grain boundary buffering effect.

4. With the increase of La2O3 doping con-
tent, the relative dielectric constant at room
temperature increases initially and then de-
creases. However, the dielectric loss de-
creases with the increasing La2O3 content.
The relative dielectric constant maximum is
enhanced due to the increased spontaneous
polarization in Ti-rich barium strontium ti-
tanate ceramics with low La2O3 content.
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