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Ferroelectric and leakage current characteristics of the MOD-derived SrBi2xTa2O9

(0.8≤x ≤ 1.6) and SrBi2.4(Ta1−yNby)2O9 (0≤y ≤ 1) thin films were investigated. The SBT and
SBTN films were fully crystallized to Bi-layered perovskite structure by annealing at 800 ◦C
for 1 hour in oxygen atmosphere. The ferroelectric characteristics of the SBT films were
optimized at the Bi/Ta mole ratio x of 1.2. The leakage current density of the Bi-excess SBT
films decreased remarkably by the post-metallization annealing at 800 ◦C for 10 minutes in
oxygen ambient. The ferroelectric characteristics of the SBTN films were optimized with the
SBN content y of 0.25. The SrBi2.4(Ta0.75Nb0.25)2O9 film exhibited 2Pr and Ec of 19.04 µC/cm2

and 24.94 kV/cm at ±5 V, which were superior to 2Pr of 11.3 µC/cm2 and Ec of 39.6 kV/cm
obtained for the SrBi2.4Ta2O9 film after the post-metallization annealing. The MOD-derived
SrBi2.4(Ta0.75Nb0.25)2O9 film did not exhibit the polarization fatigue after 1011 switching
cycles at ±5 V. C© 2000 Kluwer Academic Publishers

1. Introduction
Ferroelectric thin films have been extensively investi-
gated for use in nonvolatile memory due to their elec-
trically switchable remanent polarization [1–3]. Lead
zirconate titanate (PZT) thin films have been widely
investigated to apply for ferroelectric random access
memory (FRAM) [1, 4, 5]. However, significant de-
crease in the remanent polarization after 106 switching
cycles, i.e., the polarization fatigue, in the Pt/PZT/Pt ca-
pacitors has made it difficult to realize the commercial
FRAM products with PZT thin films [6, 7]. To over-
come the polarization fatigue in the Pt/ferroelectric/Pt
capacitors, SrBi2Ta2O9-based thin films of Bi-layered
perovskite structure have been extensively investigated
in recent years [1–3, 8, 9].

Ferroelectric characteristics of the SrBi2Ta2O9 films
fabricated by metalorganic deposition (MOD) are
largely dependent on the Bi content in the MOD coat-
ing solution, because vaporization of the Bi oxide
occurs during annealing of the SrBi2Ta2O9 films at
800◦C. Also, it has been reported that the remanent
polarization of the SrBi2Ta2O9 thin films can be in-
creased by solid solutioning with other Bi-layered per-
ovskite materials of high polarization and high Curie
temperature [7, 10–12]. SrBi2Ta2O9 and SrBi2Nb2O9
have the same crystal structure and similar lattice pa-
rameter, and SrBi2Nb2O9 has Curie temperature of
420◦C higher than 310◦C of SrBi2Ta2O9 [13]. Thus,
SrBi2(Ta,Nb)2O9 thin films are expected to exhibit bet-
ter ferroelectric properties for FRAM applications.

In this study, effects of the Bi content and the
post-metallization annealing on the ferroelectric and
leakage current characteristics of the MOD-derived

SrBi2xTa2O9 (0.8≤ x≤ 1.6) thin films have been char-
acterized firstly. Then, the ferroelectric properties of the
MOD-derived SrBi2.4(Ta1−yNby)2O9 (0≤ y≤ 1) thin
films have been investigated by substituting Ta oxide
with Nb oxide for the SrBi2.4Ta2O9 composition which
exhibited the highest remanent polarization among the
MOD-derived SrBi2xTa2O9 thin films.

2. Experimental procedure
SrBi2xTa2O9 (SBT) and SrBi2.4(Ta1−yNby)2O9
(SBTN) thin films were prepared on the platinized
silicon (100) substrates by MOD process using the
Sr-2-ethylhexanate, Bi-2-ethylhexanate, Ta-2-ethyl
hexanate, and Nb-2-ethylhexanate as starting materials.
To make the SBT and SBTN coating solutions, metal
precursors were mixed with Sr : Bi : Ta mole ratio of
1 : 2x : 2 (0.8≤ x≤ 1.6) and with Sr : Bi : Ta : Nb mole
ratio of 1 : 2.4 : 2(1− y) : y (0≤ y≤ 1), respectively,
and then diluted to 0.05 M concentration withn-butyl
acetate. SBT and SBTN films were deposited on the
Pt/Ti/SiO2/Si substrates by spin-coating at 3000 rpm
for 30 seconds, and spin-coated films were dried at
400◦C for 10 minutes in air. This procedure was repea-
ted several times to obtain the desired film thickness of
400 nm. Finally, the films were annealed at 800◦C for
1 hour in oxygen ambient. Pt top electrodes of
200µm diameter and 200 nm thickness were sputter-
deposited on the SBT and SBTN film surface at room
temperature.

Crystalline phase of the SBT and SBTN films was
characterized by low-angle X-ray diffractometry
(XRD) with incident angle of 5◦ and microstructure
of the films was observed using scanning electron
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Figure 1 XRD patterns of the SrBi2xTa2O9 films with the Bi/Ta mole
ratio x of (a) 0.8, (b) 1.0, (c) 1.2, (d) 1.4, and (e) 1.6.

Figure 2 SEM micrographs observed on the surface of the SrBi2xTa2O9 films with the Bi/Ta mole ratiox of (a) 0.8, (b) 1.0, (c) 1.2, (d) 1.4, and
(e) 1.6.

microscopy (SEM). Remanent polarization and coer-
cive field of the SBT and SBTN films were character-
ized by RT66A ferroelectric tester and leakage current
density was measured using HP 4140B semiconductor
parameter analyzer. Fatigue test up to 1011 switching
cycles was performed using a square wave with an am-
plitude of±5 V and a frequency of 1 MHz.

3. Results and discussion
3.1. Characteristics of the SrBi2xTa2O9

thin films
Fig. 1 shows the XRD patterns of the SBT thin films
after annealing at 800◦C for 1 hour in oxygen at-
mosphere. All the MOD-derived SBT films were
fully crystallized to polycrystalline with almost ran-
dom orientation regardless of the Bi/Ta mole ratiox
(0.8≤ x≤ 1.6). As shown in Fig. 1e, a diffraction peak
which could be due to Bi oxide such as Bi2O3 [14–16]
was observed relatively strongly for the film with the
highest Bi/Ta mole ratiox of 1.6.

Fig. 2 shows SEM micrographs of the SBT films with
various Bi/Ta mole ratio. The grain size of the SBT films
increased with increasing the Bi/Ta mole ratiox, which
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Figure 3 Ferroelectric hysteresis loop of the SrBi2xTa2O9 films with
the Bi/Ta mole ratiox of (a) 0.8, (b) 1.0, (c) 1.2, (d) 1.4, and (e) 1.6 at
applied voltage of±5 V.

might be attributed to the fact that excess Bi promotes
the crystallization of the SBT film from fluorite to Bi-
layered perovskite structure [15]. As reported by oth-
ers [14], the grain shape of the MOD-derived SBT films
was also changed with the Bi/Ta mole ratiox. Contrary
to the equiaxed grains for the films ofx= 0.8∼ 1.2,
the elongated rod-like grains have been observed for
the films with higher Bi/Ta mole ratiox of 1.4 and 1.6.

Fig. 3 illustrates ferroelectric hysteresis curves of the
SBT films measured at applied voltage of±5 V. With
increasing the Bi/Ta mole ratiox up to 1.2, the remanent
polarization, coercive field, and the saturation charac-
teristic, i.e., the squareness ratio (remanent polariza-
tion/saturation polarization:Pr/Ps) of the SBT films
increased. With increasing the excess Bi content further
thanx= 1.2, however, the ferroelectric characteristics
of the SBT films became deteriorated. As illustrated
in Fig. 4 which shows the remanent polarization (2Pr)
and coercive field (Ec) of the SBT films measured at
±5 V, the maximum values of 2Pr= 9.79µC/cm2 and
Ec= 24.2 kV/cm were obtained for the film ofx= 1.2.
Similarly to our results, Watanabeet al. [7] and Chen
et al. [14] have also reported that the maximum rema-
nent polarization of the MOD-derived SBT films was
obtained with the Bi-excess composition ofx= 1.2∼

Figure 4 Remanent polarization (2Pr) and coercive field (Ec) of the
SrBi2xTa2O9 films as a function of the Bi/Ta mole ratio.

1.3. Chenet al.[14] explained the increment of 2Pr with
the excess Bi content as the grain size effect with the re-
sults that the SBT films composed of the grains smaller
than a critical size did not exhibit the ferroelectric char-
acteristics and the grain size of the MOD-derived SBT
films increased with increasing the excess Bi content.

As shown in Fig. 2, the grain size of the SBT films in-
creased monotonously with increasing the Bi/Ta mole
ratio x from 0.8 to 1.6. However, 2Pr of the SBT
films reached maximum atx= 1.2 and then decreased
with increasingx further than 1.2. SrBi2Ta2O9 may
be written as (Bi2O2)2+(SrTa2O7)2− consisted of two
perovskite-like (SrTa2O7)2− layers, alternating with a
non-ferroelectric layer of (Bi2O2)2+, along thec-axis
[1, 7, 9]. As ferroelectric properties of SrBi2Ta2O9 de-
pend on O-Ta-O chains in the perovskite layers, the po-
larization of SrBi2Ta2O9 occurs on the planes perpen-
dicular toc-axis. Thus, the remanent polarization and
coercive field of the SBT films decrease significantly
with increasing the degree of thec-axis orientation
[1, 14, 16]. In this study, the degree ofc-axis orien-
tation of the SBT films was estimated as Equation 1
using the intensity ratio of the (0010) diffraction to the
dominant (105) diffraction. The (0010) diffraction was
the strongest one among the (00`) diffractions of the
SBT films, as shown in Fig. 1.

Degree ofc-axis orientation= [ I(0010)/I(105)]F

[ I(0010)/I(105)]P
− 1

(1)
In Equation 1, [I(0010)/I(105)]F is the intensity ratio mea-
sured for the SBT films and [I(0010)/I(105)]P is the in-
tensity ratio reported for SrBi2Ta2O9 powder [18]. As
shown in Fig. 5, the degree ofc-axis orientation of the
SBT films increased with increasing the Bi/Ta mole
ratio x. Thus, it could be thought that both the grain
size effect and the degree ofc-axis orientation played
roles simultaneously on the variation of 2Pr value of
the MOD-derived SBT films with the Bi/Ta mole ra-
tio. With increasing the Bi/Ta mole ratio, 2Pr increased
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Figure 5 Degree ofc-axis orientation of the SrBi2xTa2O9 films as a
function of the Bi/Ta mole ratio.

Figure 6 Leakage current density of the SrBi2xTa2O9 films with the
Bi/Ta mole ratiox of (a) 0.8, (b) 1.0, (c) 1.2, (d) 1.4, and (e) 1.6.

as the grain size became larger. As the degree ofc-axis
orientation increased also with the increase of the Bi/Ta
mole ratio, however, 2Pr decreased after reaching the
maximum at the Bi/Ta mole ratiox of 1.2.

As shown in Fig. 6, the leakage current density of the
MOD-derived SBT films increased with increasing the
Bi/Ta mole ratiox. This might be caused by the increase
of the Pt/SBT interface roughness due to the larger grain
size of the SBT film with increasing the excess Bi con-
tent [15]. Larger leakage current density at higher Bi/Ta
mole ratio could be also attributed to the existence of
leaky Bi oxide or metallic Bi at grain boundaries and
triple points [14, 15, 17]. To improve the leakage cur-
rent characteristics of the SBT films, post-metallization
annealing of the Pt/SBT/Pt/Ti/SiO2/Si specimens was
performed at 800◦C for 10 minutes in oxygen ambient.

Figure 7 Ferroelectric hysteresis loop of the SrBi2xTa2O9 films with the
Bi/Ta mole ratiox of (a) 0.8, (b) 1.0, (c) 1.2, (d) 1.4, and (e) 1.6 at±5 V
after the post-metallization annealing.

Fig. 7 shows the ferroelectric hysteresis curves of
the SBT films measured at±5 V after the post-
metallization annealing. Compared to the hysteresis
curves in Fig. 3, it could be known that the remanent
polarization and coercive field of the SBT films in-
creased with the post-metallization annealing for all the
Bi/Ta mole ratiox of 0.8∼ 1.6. Especially for the films
of x= 1.2 and x= 1.4, the saturation characteristic,
i.e., the squareness ratio (Pr/Ps) was greatly improved.
After the post-metallization annealing, the optimum
ferroelectric characteristics of 2Pr : 11.3µC/cm2 and
Ec : 39.6 kV/cm were obtained also for the film of the
Bi/Ta mole ratiox of 1.2.

Fig. 8 illustrates the leakage current density of the
SBT films after the post-metallization annealing. Ef-
fects of the post-metallization annealing on the leakage
current density of the SBT films could be clearly seen
by comparison of Fig. 8 with Fig. 6. While the leakage
current density after the post-metallization annealing
increased for the Bi-deficient films withx≤ 1.0, it de-
creased for the Bi-excess films ofx≥ 1.2. Also, the
decrement of the leakage current density with the post-
metallization annealing enlarged with increasing the
excess Bi content, and the film with the Bi/Ta mole ra-
tio x of 1.6 exhibited lowest leakage current density. For
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Figure 8 Leakage current density of the SrBi2xTa2O9 films with the
Bi/Ta mole ratiox of (a) 0.8, (b) 1.0, (c) 1.2, (d) 1.4, and (e) 1.6 after the
post-metallization annealing.

the Bi-deficient films, it is not clear yet why the leakage
current density increased with the post-metallization
annealing. For the Bi-excess films withx≥ 1.2, how-
ever, the decrease of the leakage current density with
the post-metallization annealing could be attributed to
the removal of the leaky Bi oxides and also attributed
to the interfacial reaction between the SBT film and
Pt top electrode [15, 17]. During the post-metallization
annealing of the Bi-excess films, leaky Bi oxides such as
Bi2O3 at the grain boundaries and the triple points were
removed by vaporization and diffusion into the SBT lat-
tice [15, 17]. Also, the interface roughness between the
top Pt electrode and the SBT film might decrease with
interfacial reactions, and micro-voids and defects at the
Pt/SBT interface might be eliminated by interdiffusion
of Pt and Bi [15, 17], resulting in the decrease of the
leakage current density. As can be seen with the com-
parison of Figs 8 and 6, the decrement of the leakage
current density with the post-metallization annealing
was larger for the film with higher excess-Bi content,
where more interfacial reactions could be expected dur-
ing the post-metallization annealing. Thus, it might be
suggested that the interfacial reactions between Pt top
electrode and the SBT film played a dominant role on
the decrease of the leakage current density by the post-
metallization annealing.

Fig. 9 shows the Auger depth profiles on the
Pt/SrBi2.4Ta2O9 interfaces before and after the post-
metallization annealing. After the post-metallization
annealing, Bi was observed on top of the Pt top elec-
trode, implying the occurrence of interfacial reac-
tions by interdiffusion of Bi and Pt during the post-
metallization annealing.

3.2. Characteristics of the SrBi2.4(Ta,Nb)2O9
thin films

With the study on the electrical properties of the MOD-
derived SBT films, it has been found that the remanent

Figure 9 Auger depth profile on the Pt/SrBi2.4Ta2O9 interfaces (a) be-
fore and (b) after the post-metallization annealing.

polarization of the SBT films was optimized at the Bi/Ta
mole ratiox of 1.2, and the leakage current character-
istics of the Bi-excess SBT films could be improved
by the post-metallization annealing. Based on these re-
sults, the SrBi2.4(Ta1−yNby)2O9 films were fabricated
using MOD process, and the post-metallization anneal-
ing of the films was conducted. Fig. 10 shows the XRD
patterns of SBTN thin films after annealing at 800◦C
for 1 hour in oxygen atmosphere. The SBTN films were
fully crystallized to Bi-layered perovskite structure re-
gardless of the SBN content, indicating that Ta ions
were substituted by Nb ions completely in all range of
the composition without changing the Bi-layered per-
ovskite structure.

Ferroelectric hysteresis curves of the SBTN thin
films after the post-metallization annealing were mea-
sured at±5 V, and illustrated in Fig. 11. While
the well-saturated hysteresis curves were obtained
for all compositions, the ferroelectric characteristics
of the SBTN films were optimized at the composi-
tion of y= 0.25. At applied voltage of±5 V, the
SrBi2.4(Ta0.75Nb0.25)2O9 film exhibited 2Pr and Ec of
19.04µC/cm2 and 24.94 kV/cm, respectively, which
were superior to 2Pr of 11.3µC/cm2 and Ec of 39.6
kV/cm obtained for the SrBi2.4Ta2O9 film after the
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Figure 10 XRD patterns of the SrBi2.4(Ta1−yNby)2O9 films with the
SBN contenty of (a) 0, (b) 0.25, (c) 0.4, and (d) 1.0.

Figure 11 Ferroelectric hysteresis loop of the SrBi2.4(Ta1−yNby)2O9

films with the SBN contenty of (a) 0, (b) 0.25, (c) 0.4, and (d) 1.0 at
±5 V.

Figure 12 Leakage current density of (a) SrBi2.4(Ta0.75Nb0.25)2O9 film
and (b) SrBi2.4Ta2O9 film.

Figure 13 Variation ofPr and−Pr of the SrBi2.4(Ta0.75Nb0.25)2O9 film
with the switching cycle at±5 V.

post-metallization annealing. As shown in Fig. 12, the
SrBi2.4(Ta0.75Nb0.25)2O9 film exhibited lower leakage
current density (≤10−7 A/cm2) up to 75 kV/cm com-
pared to the post-metallization annealed SrBi2.4Ta2O9
film. As illustrated in Fig. 13, the remanent polarization
of the SrBi2.4(Ta0.75Nb0.25)2O9 film was nearly con-
stant after 1011 switching cycles at±5 V, and it can be
suggested that the SrBi2.4(Ta0.75Nb0.25)2O9 film is an
attractive candidate for FRAM devices.

4. Conclusions
(1) The MOD-derived SrBi2xTa2O9 (0.8≤ x≤ 1.6) and
SrBi2.4(Ta1−yNby)2O9 (0≤ y≤ 1) thin films were fully
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crystallized to Bi-layered perovskite structure by an-
nealing at 800◦C for 1 hour in oxygen atmosphere.

(2) The ferroelectric characteristics of the SBT film
were optimized at the Bi/Ta mole ratiox of 1.2. With
increasing the Bi/Ta mole ratio, 2Pr increased as the
grain size of the SBT films became larger. As the degree
of c-axis orientation also increased with the increase
of the Bi/Ta mole ratio, however, 2Pr decreased after
reaching maximum at the Bi/Ta mole ratiox of 1.2.
The SrBi2.4Ta2O9 film exhibited 2Pr of 9.79µC/cm2

andEc of 24.2 kV/cm at applied voltage of±5 V.
(3) The leakage current density of the SBT films in-

creased with increasing the Bi/Ta mole ratio. However,
the leakage current density of the Bi-excess SBT films
decreased remarkably by the post-metallization anneal-
ing at 800◦C for 10 minutes in oxygen ambient, which
might be mainly due to the interfacial reactions between
the SBT film and Pt top electrode.

(4) The ferroelectric characteristics of the MOD-
derived SrBi2.4(Ta1−yNbx)2O9 films were optimized
at the composition of y= 0.25. The SrBi2.4
(Ta0.75Nb0.25)2O9 film exhibited 2Pr and Ec of
19.04µC/cm2 and 24.94 kV/cm at±5 V, which were
superior to 2Pr of 11.3µC/cm2 andEc of 39.6 kV/cm
obtained for the SrBi2.4Ta2O9 film after the post-
metallization annealing. The MOD-derived SrBi2.4
(Ta0.75Nb0.25)2O9 film did not exhibit the polarization
fatigue after 1011 switching cycles at±5 V.
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