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Srl_ILaZZ/gBiszz Os (0 < z < 0.2) ceramic samples are prepared by the solid-state reaction method. Their
structure, dielectric and ferroelectric properties are investigated. The incorporation of La®>* improves the den-

sification and decreases the grain size of the ceramics without changing the crystal structure.

The remanent

polarization 2P, increases with increasing La content and reaches a maximum value of 22.8 1C//cm?® at x = 0.125,

which is approximately 60% larger than that of pure SrBiz Nbs Og. The Curie temperature keeps almost unchanged

at a value of about 440° C. The relationship between doping and the ferroelectric and dielectric properties are

discussed.

PACS: 77.84.Dy, 61. 72. Ww, 77.22. Ej

Ferroelectric materials have attracted much at-
tention due to their potential applications in fer-
roelectric random access memories (FeRAMs).m In
ABOj;-type ferroelectrics, PbZr;_,Ti,O3 (PZT) has
been widely investigated because of its large remanent
polarization.[?! However, the fatigue problem associ-
ated with the PZT capacitors and the Pb contamina-
tion problem restrict its application in FeRAMs.[? Re-
cently, lead-free bismuth layer structure ferroelectrics
(BLSFs) have received more and more interest due
to their good fatigue resistance.
the BLSFs can be considered as an intergrowth of
(Bip02)?" layers and (A, 1By Osmy1)?~ pseudoper-
ovskite layers.[¥ Among BLSFs, SrBisNby,Og (SBN)
is one of the most promising candidates due to its
high fatigue resistance.’) However, it suffers from
a relatively low remanent polarization, a relative
high dielectric loss and a relative high processing
temperature.l’! Many studies have been made on dop-
ing to improve the dielectric and ferroelectric proper-
ties of SBN.[7—9]

Although the effects of doping on the dielectric
properties of SBN have been widely investigated,
different groups have not reached an agreement on
the effect of La doping on the Curie temperature of
SBN,[8:10:11] which implies that La doping may cause
complicated effects on the dielectric and ferroelectric
properties of SBN. Moreover, there is a lack of suffi-
cient information about the influence of La doping on
the ferroelectric properties of SBN. In this Letter, we
investigate the effects of La doping on the ferroelectric
and dielectric properties of SBN.

The Sry_,Lag,/3BiaNbaOg (LSBN-z, = 0-0.2)

ceramic samples were prepared by the traditional

The structure of
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solid-state reaction method, using analytical reagent
grade (AR) of SrCOj;, BizO3, NbyOs and LasOj3 as
raw materials. The composite powders with 4 wt.%
excess BiyOj are sufficiently mixed by ball milling for
2h and calcined in air at 775°C for 2h. The calcined
powders were ballmilled again and pressed into pellets,
then sintered in closed alumina crucibles at 1050°C for
2h.

X-ray diffraction [(XRD), D/Max-2400] with Cu
K, radiation was used to determine the crystal struc-
ture of the sintered pellets. The microstructure of the
sintered samples was observed by scanning electron
microscopy [(SEM), JSM-5610LV]. The ferroelectric
properties were investigated using an RT6000 ferro-
electric tester (Radiant Technology) at room temper-
ature. Dielectric measurements were taken on an LCR
meter (YY2810) at a frequency of 100 kHz.

Figure 1 shows the XRD patterns of SBN, LSBN-
0.1 and LSBN-0.2. The patterns can be fully indexed
using the standard XRD data, indicating a single
phase layered perovskite structure without any traces
of impurity phase. The XRD result indicates that
La3t was fully incorporated into the crystal structure
of SBN.

Figure 2 shows the SEM images of the fracture
surfaces of x = 0 and 0.1 samples. The undoped SBN
ceramics consist of lamellar grains with small pores
at grain junctions (Fig.2(a)). With La doping, the
samples have a dense fracture surface with plate-like
grains (Fig.2(b)). In addition, the average grain size
(about 2 pm) of LSBN-0.1 is smaller than that of un-
doped SBN (34 pm). The improvement of densifi-
cation and decrease of grain sizes can be attributed
to the A-site deficiency caused by the substitution of
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Last for Sr2* .8l which favours the diffusion of the
constituent ions during the sintering process.!'?!
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Fig. 1. XRD patterns of LSBN-z ceramics.

Fig. 2. SEM fracture photographs of LSBN-z ceramics:
(a) z =0 and (b) z =0.1.

The hysteresis loops of LSBN-z (z = 0, 0.125, 0.2)
at an applied electric field of 100kV/cm are shown
in Fig.3. La doping affects greatly the remanent po-
larization P, of SBN. Here 2P, was measured to be
close to 22.8 uC/cm? for LSBN-0.125, which is ap-
proximately 60% larger than that of pure SBN. The
dependences of 2P, and coercive field F., on La doping
content z under an applied electric field of 100kV /cm
are shown in Fig. 4. With increasing z, 2P, increases
gradually and reached a maximum value at z = 0.125,

then decreases slightly with further increasing x, while
E. decreases slightly from 73.5kV/cm to less than
70kV/cm as the La doping level z increases from 0
to 0.20.
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Fig.3. Polarization-field hysteresis loops of LSBN-z
ceramics.
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Fig. 4. Dependence of 2P, and E. on the La content z in
Srlszazx/sBiszZOQ (0 S x S 0.2).

Recently, it has been reported that in rare-earth
doped BLSFs, only A-site ions could be replaced at
light doping levels and both A-site ions and Bi3*
in (BizO2)?* layer could be replaced at high doping
levels.[1315] To satisfy the charge neutrality in LSBN-
x, the replacement of Sr?* by La®* results in Sr vacan-
cies at A sites.[8] The A-site vacancies greatly enhance
the rotation of the octahedra in the a —b plane accom-
panied with the whole shift of the octahedra along the
a axis. This causes the enhancement of polarization
in SrBi;TayOg (SBT).[H] Thus, we argue that the A-
site vacancies favour the improvement of polarization
of SBN due to the very similar crystal structure and
physical properties of SBN and SBT.['6:17] However,
La occupying the Bi3*t sites may weaken the role of
(Bi02)%* layer which acts as free electron reservoirs
and insulating layers. This leads to the decrease of
polarization.['3] Therefore, the change of polarization
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of LSBN-z with doping level x is the competitive re-
sult of La®t incorporation into Sr?* sites and Bi3*
sites. When « < 0.125, La3™ insertion into Sr?% sites
is dominant, which brings about the enhancement of
polarization in LSBN-z. As = > 0.125, La3* incor-
poration into Bi3T is significant, which results in the
decrease of polarization. In addition, the slight de-
crease of the coercive field with La doping level can
be related to the dipolar defects formed by VS/T/ (Sr va-
cancies with two negative charges) and La¥, (a La3™
ion in the Sr?T site with one positive charge), since
the random field around the dipolar defects lowers the
activation barrier required for the domain nucleation
leading to a decrease in E..[8!
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Fig. 5. Dependence of dielectric constant on the temper-
ature of LSBN-z.

Figure 5 shows the dielectric constants of SBN ce-
ramics as a function of temperature at different doping
levels, obtained at a frequency of 100 kHz. The Curie
temperature 7T, almost depends on the La content.
This is different from the previous reports, in which
A site substitution with small radius ions generally
increases the Curie temperature of SBN.[819] The de-
viation might be attributed to the resulting A-site va-
cancies. It has been found that A-site vacancies may
weaken the coupling between the neighbouring octa-
hedra in La doped SBT,[2% leading to the decrease of
the Curie temperature. Thus, on the one hand, small-
radius La3T ions occupy A sites, and on the other
hand, Sr?t vacancies appear on A sites. Therefore,
the competitive effects between the two sides make

the Curie temperature remaining unchanged over the
doping range (0 < z < 0.2).

In summary, the effects of La doping on the struc-
ture, dielectric and ferroelectric properties of SBN
are investigated. The remanent polarization increases
first and then decreases with increasing La content,
which is the competitive result of La incorporation
into Sr?* sites and Bi3"T sites. The coercive field de-
creases lightly after La doping due to the resulting
A site vacancies. The Curie temperature keeps un-
changed after La doping. Therefore, appropriate La
doping can lead to great improvement in the ferro-
electric properties of SBN without lowering the Curie
temperature.
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