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Ionic Doping Effects in SrBi2Nb2O9 Ferroelectric Ceramics
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Abstract. Ionic doping effects of various ions in Bi-layered ferroelectric SrBi2Nb2O9 (SBN) ceramics were
studied. Un-doped and doped SBN ceramics with Ba2+, Pb2+, Ca2+, Bi3+, La3+, Ti4+, Mo6+, and W6+ ions
were made with solid state reactions. Temperature dependent dielectric constants were measured. Ferroelectric
transition temperature (TC) decreased with Ba2+ and Pb2+ ions but increased with Ca2+ ion which substitutes the
12-coordinated Sr2+ site. TC increased with Ti4+, Mo6+, and W6+ ions which substitute the 6-coordinated Nb5+

sites. With trivalent Bi3+ and La3+ ions, TC increased with Bi3+ ion but much decreased with La3+ ion. These results
showed that the ion size plays an important role in ferroelectricity of SBN ceramics.
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1. Introduction

Bi-layered ferroelectric materials including
SrBi2Nb2O9(SBN) have attracted much attention
because they show good long-term reliability prop-
erties such as fatigue, imprint, and retention for
ferroelectric memory (FRAM) applications [1]. But
they have relatively low remanent polarizations
and need relatively high processing temperature.
Ionic doping or substitution effects in Bi-layered
ferroelectric materials have been studied to overcome
these problems. La3+ substituted Bi4Ti3O12 (BIT)
was reported to show high polarizations and lower
processing temperature [2]. Recently, La3+ and Ca2+

ion doping in SBN ceramics were reported to show
increased transition temperature and decreased dc
conductivity [3], and vanadium doped BIT was
reported to show higher polarizations than un-doped
one [4].

Ionic doping effects on ferroelectric Pb(Zr,Ti)O3

(PZT) have been well studied to improve long-term
reliability properties by reducing oxygen deficiency or
other defects in PZT systems [5, 6]. It has been reported

∗To whom all correspondence should be addressed. E-mail: tksong@
changwon.ac.kr

that La3+ or Nb5+ ions act as donor ions, which reduce
the leakage currents and improve long-term reliability
properties. But ionic doping effects in Bi-layered fer-
roelectrics such as SBN, SrBi2Ta2O9, and BIT have not
been studied well enough for comparison to PZT [7].
Increase in polarization values and decrease in process-
ing temperature are expected in ion doped Bi-layered
ferroelectric materials [2–4].

In this work, un-doped SBN ceramics and SBN ce-
ramics doped with various ions were made by a conven-
tional solid reaction method. Structural properties were
studied by the X-ray diffraction method and dielectric
constants were measured from room temperature to
650◦C. Ionic doping effects on ferroelectric transition
temperatures were studied.

2. Experimental

Powders of SrO(99.9%, Aldrich), Bi2O3(99.9%,
Aldrich), Nb2O5(99.99%, Aldrich) were used for
the SBN ceramics. For the ionic doping of var-
ious ions, metal oxide powders of CaO(99.9%
Aldrich), BaO(99.9% Aldrich), PbO(99.9% Aldrich),
Bi2O3(99.9%, Aldrich), La2O3(99.9% Aldrich),
TiO2(99.9% Aldrich), MoO3(99.9% Aldrich), and
WO3(99.9% Aldrich) were used for 10 mol% doping
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(90SBN + 10MO, where M is metal ion of Ca, Ba,
or Pb; 90SBN + 5M2O3, where M is metal ion of Bi
or La; 90SBN + 10TiO2; 90SBN + 10MO3, where
M is metal ion of Mo or W). Starting materials were
weighed and mixed for 24 hours. The mixed powders
were dried at 80◦C and calcined at 800◦C for two
hours. The calcined powders were mixed for 24 hours
and dried again. 1 mm thick pellets with 8 mm in
diameter were made and sintered for 1 hour at 1150◦C
[3]. The densities of sintered ceramics are about 6.95
g/cm3, higher than Subbarao’s report [8] and about
95% of theoretical density of SBN (7.3 g/cm3).

Structural properties of sintered ceramic pellets
were studied with X-ray diffraction (XRD) patterns. To
measure dielectric properties of SBN ceramics, elec-
trodes were applied on both sides of the pellets with
silver paste and annealed at 650◦C for 1 hour. Dielectric
constants and losses were measured at 100 kHz at tem-
peratures ranging from 25 to 650◦C with an impedance
analyzer (HP4192A). The applied voltage amplitude
was 1.0 Vrms. The heating and cooling rates were main-
tained at ±1◦C/min during the measurements.

3. Results

Figure 1 shows XRD patterns of un-doped SBN
ceramic and SBN ceramics doped with Ca2+, Ba2+,
Pb2+ ions. For all the patterns, polycrystalline
orthorhombic (pseudo-tetragonal) SBN crystal struc-
tural were well defined. Neither secondary phase
nor structure change was observed. With La3+,
Bi3+, Ti4+, Mo6+, W6+ ions doping, polycrystalline

Fig. 1. X-ray diffraction patterns of un-doped SBN ceramic and SBN
ceramics doped with Ca2+, Ba2+, and Pb2+ ions.

Fig. 2. X-ray diffraction patterns of SBN ceramics doped with La3+,
Bi3+, Ti4+, Mo6+, and W6+ ions.

Bi-layered structures were also observed as shown in
Fig. 2.

Temperature dependent dielectric constants of
un-doped SBN ceramic and doped SBN ceram-
ics with divalent Ca2+, Ba2+, and Pb2+ ions are
shown in Fig. 3. Ferroelectric transition temperature
(TC = 414◦C) of SBN is a little lower than the previ-
ously reported value because of the non-stoichiometric
composition of our SBN ceramic [3, 7]. The SBN
ceramic was Bi-deficient phase due to the volatility
of Bi during the sintering process at 1150◦C. With
Ba2+ or Pb2+ ionic doping, TC decreased (with
Ba2+ TC = 375◦C, with Pb2+ TC = 396◦C). A little

Fig. 3. Dielectric constants of un-doped SBN ceramic and SBN ce-
ramics doped with Ca2+, Ba2+, and Pb2+ ions as functions of tem-
perature measured at a frequency of 100 kHz.



Ionic Doping Effects in SrBi2Nb2O9 Ferroelectric Ceramics 53

Fig. 4. Dielectric constants of SBN ceramics doped with La3+, Bi3+,
Ti4+, Mo6+, and W6+ ions as functions of temperature measured at
a frequency of 100 kHz.

increase of TC (452◦C) is observed with Ca2+ ionic
doping.

Temperature dependent dielectric constants
of doped SBN ceramics with La3+(TC = 324◦C),
Bi3+(TC = 431◦C), Ti4+(TC = 437◦C), Mo6+(TC =
457◦C), and W6+(TC = 417◦C) ions are shown in
Fig. 4. Except for the La3+ ion, TC increased with
ionic doping. Bi3+ ionic doping, very sharp peak of
transition was observed. This increase of TC with
Bi3+ ion was consistent with the results of dielectric
properties of non-stoichiometric SBN ceramics.
Sr-deficient/Bi-excess SBN showed higher TC [9].
In comparison with La3+ ion, Bi3+ ion has the same
valence, but its effect on TC is opposite to that of La3+

ion [9]. This result implies that the valence of doped
ion is not an important factor for ferroelectricity in
SBN ceramics.

4. Discussion

From the results, it was summarized that ionic valence
does not play an important role in TC of SBN ceramics.
However, ion size is an important factor as summa-
rized in Table 1 [10]. With same valence ion doping,
Ca2+, Pb2+ and Ba2+ for Sr2+, or V5+ and Ta5+ for
Nb5+, it has been reported that the smaller ions in-
duce the higher TC [11]. This result was attributed to
the lattice mismatch between TaO2 and SrO planes in
the perovskite-type unit of SrTa2O7, causing structural
distortion and hence leading to higher TC and higher
polarizations in SrBi2Ta2O9 [12, 13]. Doping different
valence ions doping in SBN ceramics showed simi-

Table 1. Doped ionic radii (Å) [10] and transition temperatures.

Ion Sr2+ Ba2+ Ca2+ Pb2+

12-fold 1.44 1.61 1.34 1.49
TC(◦C) 414 375 452 396

Ion Bi3+ La3+

8-fold 1.17 1.16
TC(◦C) 431 324

Ion Nb5+ Ti4+ Mo6+ W6+

6-fold 0.64 0.605 0.59 0.6
TC(◦C) 414 437 457 417

lar results. The smaller ions, even though they were
of different valences, induced higher transition tem-
perature. For the divalent ionic doping which would
substitute Sr2+ ion in 12-fold coordinated A-site, our
result is consistent with this trend. PbBi2Nb2O9 was,
however, reported to show higher TC by about 110◦C
than SrBi2Nb2O9, although Pb2+ ion is larger than Sr2+

ion [11]. However, TC decreased with Pb2+ doping in
SBN ceramic in our result. Even though Pb2+ has va-
lence of 2, Pb is not an alkaline earth metal ion and has
different electronic structure from that of Ca2+, Sr2+

or Ba2+ ions, and thus the effect of Pb2+ ion doping
differs from those of alkaline earth metals.

The trivalent La3+ ion would substitute Bi3+ ion.
Then Bi3+ ions would not be located in the perovskite-
like layer but in (Bi2O2)2+ layer. Its effects on ferro-
electricity in SBN were different from the effects of
the other ions which substituted Sr2+ or Nb5+ ions in
perovskite-like layer. Decrease of TC with La3+ dop-
ing in Bi3+ sites has already reported in BIT [14].
For the hexa-valent ions of Mo6+ and W6+, these two
ions have almost same ion sizes but their effects on TC

were very different. Before we conclude the effects of
ionic doping on ferroelectric properties of SBN ceram-
ics, more detailed studies on the chemistry/physics of
doping—interstitial or substitutional—should be per-
formed. Studies of the effects of ionic doping in Bi-
layered ferroelectric materials on ferroelectric transi-
tion and polarization could give good information for
the ferroelectric memory and high temperature piezo-
electric device applications [15].

5. Conclusion

In conclusion, various ions doped SBN ceramics were
made and their dielectric properties were studied. TC
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decreased with Ba2+ and Pb2+ ions but increased with
Ca2+ ion which substitutes the 12-coordinated Sr2+

site. TC increased with Ti4+, Mo6+, and W6+ ions which
substitute the 6-coordinated Nb5+ sites. With trivalent
Bi3+ and La3+ ions, TC increased with Bi3+ ion but
decreased with La3+ ion. With smaller ion doping than
the constituent ions, TC increased, and vice versa.
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