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Properties of SrBi 2Ta2O9 ferroelectric thin films prepared by a modified
metalorganic solution deposition technique
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Virginia 24061-0237
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Polycrystalline SrBi2Ta2O9 thin films having a layered-perovskite structure were fabricated by a
modified metalorganic solution deposition technique using room temperature processed alkoxide-
carboxylate precursor solution. It was possible to obtain a complete perovskite phase at an annealing
temperature of 650 °C and no pyrochlore phase was observed even up to 600 °C. In addition, the
SrBi2Ta2O9 thin films annealed at 750 °C exhibited better structural, dielectric, and ferroelectric
properties than those reported by previous techniques. The effects of postdeposition annealing on
the structural, dielectric, and ferroelectric properties were analyzed. The electrical measurements
were conducted on Pt/SrBi2Ta2O9/Pt capacitors. The typical measured small signal dielectric
constant and dissipation factor at 100 kHz were 330 and 0.023 and the remanent polarization and the
coercive field were 8.6mC/cm2 and 23 kV/cm, respectively, for 0.25-mm-thick films annealed at
750 °C. The leakage current density was lower than 1028 A/cm2 at an applied electric field of 150
kV/cm. The films showed good switching endurance under bipolar stressing at least up to 1010

switching cycles. ©1997 American Institute of Physics.@S0003-6951~97!00209-X#
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Ferroelectric thin films have attracted considerable att
tion for their potential applications in electronic devices su
as pyroelectric infrared detectors, optical switches, actuat
displays, dynamic random access memories~DRAMs!, and
nonvolatile random access memories~NVRAMS!.1–3 Ferro-
electric nonvolatile memories have the potentials to repl
current state-of-the-art nonvolatile memories such as floa
and flash erasable programmable read only memo
~EEPROMs! because of their lower writing voltages, fast
writing speeds, better endurance, and potentially fewer p
cessing steps.4 Recently, there has been a surge in resea
activity on bismuth layer-structured ferroelectric materi
for NVRAM applications. In particular, strontium bismut
tantalate, SrBi2Ta2O9, which is one of the bismuth layer
structured compounds, is the most promising candidate
ferroelectric random access memories~FRAMs! with high
fatigue endurance and good retention. SrBi2Ta2O9 has high
potential for device applications because of its high dielec
constant, high Curie temperature, low leakage current,
good ferroelectric switching characteristics. In this letter,
report the fabrication of SrBi2Ta2O9 thin films by a modified
metalorganic solution deposition~MOSD! technique using a
stable alkoxide-carboxylate precursor solution prepared
der ambient room temperature conditions. It was possibl
obtain a perovskite phase at an annealing temperatur
650 °C and no pyrochlore phase was observed even u
600 °C;5 however, the ferroelectricity was found to be wea
er in films annealed at 650 °C due to smaller grain sizes.
their is a possibility to enhance the grain growth in t
SrBi2Ta2O9 thin films prepared by the present technique
lower annealing temperatures due to the absence of the
rochlore phase. The present SrBi2Ta2O9 thin films exhibited
better structural, dielectric, and ferroelectric properties th
those reported by other methods under similar postdepos
annealing conditions.

The preparation of SrBi2Ta2O9 thin films has been re

a!Electronic mail: pcjoshi@vt.edu
1080 Appl. Phys. Lett. 70 (9), 3 March 1997 0003-6951/97
rticle is copyrighted as indicated in the article. Reuse of AIP content is sub

128.173.125.76 On: Wed
-
h
rs,

e
g
es

o-
h

or

ic
d
e

n-
to
of
to
-
ut

t
y-

n
on

ported by pulsed laser deposition,6 metalorganic chemica
vapor deposition,7 metalorganic decomposition,8–10 and sol-
gel techniques.5,11 The electrical and optical properties o
bismuth layer-structured ferroelectrics are dependent on t
crystallographic orientation due to their large structural a
isotropy. So the properties of these materials are stron
dependent on the nature of substrate, preparation techn
and the postdeposition annealing treatment. The selectio
precursor compounds and solvents is the most impor
step in the MOSD technique. The final film properties a
strongly dependent on the selected precursor compou
and the solvents, and the preparation conditions. T
SrBi2Ta2O9 thin films were prepared by alkoxide-salt metho
using alkoxide-carboxylate precursors. The precursor s
tion was prepared under ambient room temperature co
tions. For the preparation of SrBi2Ta2O9 thin films; strontium
acetate, bismuth 2-ethylhexanoate, and tantalum etho
were selected as precursors, and acetic acid, 2-ethylhexa
acid, and 2-methoxyethanol were selected as solvents. In
experiment, bismuth 2-ethylhexanoate and strontium ace
were initially dissolved in 2-ethylhaxanoic acid and ace
acid, respectively, under room temperature conditions. Th
solutions were then added to the solution of tantalum eth
ide in 2-methoxyethanol to prepare a stoichiometric, cle
and stable SrBi2Ta2O9 precursor solution. The viscosity o
the solution was controlled by varying the 2-methoxyetha
content. Dust and other suspended impurities were remo
from the solution by filtering through 0.2mm syringe filters.
The precursor films were coated onto Pt-coated Si substr
by spin coating using a photoresist spinner. The thicknes
the films was controlled by adjusting the viscosity of t
solution and the spin speed. After spinning onto various s
strates, films were kept on a hot plate~at;350 °C! in air for
10 min. This step was repeated after each coating to en
complete removal of volatile matter. In this letter, we rep
the structural, dielectric, and ferroelectric properties
SrBi2Ta2O9 thin films. The film microstructure and prope
ties were found to be strongly dependent on the excess
/70(9)/1080/3/$10.00 © 1997 American Institute of Physics
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 This a
muth content. The best results were obtained for 30% ex
bismuth content. So this letter focuses on the structural
electrical characteristics of SrBi2Ta2O9 thin films with 30%
excess bismuth. The effects of the postdeposition annea
temperature on the film microstructure and properties
also analyzed.

The structure of the films was analyzed by x-ray diffra
tion ~XRD!. The XRD patterns were recorded on a Scint
XDS 2000 diffractometer using Cu Ka radiation at 40 kV.
The as-pyrolyzed films were found to be amorphous a
postdeposition annealing was required to develop crysta
ity. The postdeposition annealing of the films was carried
at various temperatures for 30 min in an oxygen atmosph
Figure 1 shows the XRD patterns of the films, deposited
Pt-coated Si substrates, as a function of annealing temp
ture. It was possible to attain a perovskite phase at an ann
ing temperature of 650 °C. The films annealed at 650 °C
hibited better crystallinity than those reported by Amanu
et al.8 and Boyleet al.5 using chemical methods. As the a
nealing temperature was increased, the peaks in the X
pattern became sharper and the full width at half-maxim
~FWHM! decreased indicating better crystallinity and an
crease in grain size with increasing annealing temperat
The XRD patterns also revealed that films were polycrys
line in nature with no evidence of preferred orientation
secondary phases. No pyrochlore phase formation was
served in the XRD patterns of the SrBi2Ta2O9 thin films
~0%–30% excess Bi! prepared by the present method as w
observed in the films prepared by sol-gel method.5

The surface morphology of the SrBi2Ta2O9 thin films
was analyzed by Digital Instrument’s Dimension 3000 ato
ic force microscope~AFM! using tapping mode with ampli
tude modulation. The scan area was 1mm31 mm. The sur-
face morphology of the films was smooth with no cracks a
defects, as shown in Fig. 2, and the average surface ro
ness was less than 12 nm for films annealed in the temp
ture range of 650–750 °C. The films exhibited a dense
crostructure and the grain size was found to increase with
increase in annealing temperature, as shown in Table I,
was in the range of 85–165 nm for films annealed in
temperature range of 650–750 °C.

The dielectric properties of SrBi2Ta2O9 thin films were
measured in terms of the dielectric constant« r and loss fac-

FIG. 1. X-ray diffraction patterns of SrBi2Ta2O9 thin films annealed at vari-
ous temperatures for 30 min.
Appl. Phys. Lett., Vol. 70, No. 9, 3 March 1997
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tor tand. The dielectric measurements were conducted
metal-ferroelectric-metal~MFM! capacitors with an HP
4192A impedance analyzer at room temperature. Sev
platinum electrodes~area53.131024cm2) were sputter de-
posited through a mask on the top surface of the films
form MFM capacitors. Figure 3 shows the low field diele
tric constant and dissipation factor as a function of freque
for a 0.25-mm-thick film annealed at 750 °C. The small sig
nal dielectric constant and dissipation factor at a freque
of 100 kHz were 330 and 0.023, respectively. The dielec
constant was larger than that for bulk ceramics; however,
dielectric constant and the loss factor values for the pres
films were found to be smaller than those reported
others.5,8 The permittivity showed no dispersion with fre
quency up to about 1 MHz, as shown in Fig. 3, indicati
that the values were not masked by any surface layer eff
or electrode barrier effects in the measured frequency ra
The dielectric constant and the dissipation factor were fou
to increase, as shown in Table I, with the increase in ann
ing temperatures from 650 to 750 °C. This increases in
electric constant with annealing temperature may be att
uted to an increase in grain size and density of the films
was observed in AFM studies.

Ferroelectric hysteresis measurements were condu
on 0.25-mm-thick SrBi2Ta2O9 films in MFM configuration at
room temperature using standardized RT66A ferroelec
test system. Figure 4 shows a typical hysteresis loop of a
annealed at 750 °C. The measured remanent polariza
(Pr) and the coercive field (Ec) values at an applied electri
field of amplitude 150 kV/cm were 8.6mC/cm2 and 23 kV/

FIG. 2. AFM photograph of SrBi2Ta2O9 thin film annealed at 750 °C for 30
min.

TABLE I. Dependence of grain size, dielectric parameters, and ferroele
properties on postdeposition annealing temperature.

Temperature
~°C!

Grain
size
~nm! « r tand

2Pr

(mC/cm2)
Ec

(kV/cm)

650 °C 85 240 0.007 4.4 30
700 °C 125 310 0.020 12.8 23
750 °C 165 330 0.023 17.2 23
1081Joshi et al.
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 This a
cm, respectively. The remanent polarization value was fo
to be improved compared to that reported by others and
value of the coercive field was found to be smaller.5,8–10The
Pr and Ec were also measured as a function of anneal
temperature, as shown in Table I. The remanent polariza
ranged from 2.2 to 8.6mC/cm2 and the coercive field wa
between 23 and 30 kV/cm under an applied electric field
amplitude 150 kV/cm. This trend may be found consist
with the XRD and AFM data which indicate improvement
crystallinity with increasing annealing temperature. Lo
leakage current density is an important consideration
memory device applications. The leakage current densit
the SrBi2Ta2O9 thin films was found to be lower than 1028

A/cm2 at an applied electric field of 150 kV/cm for film
annealed in the temperature range of 650–750 °C, indica
good insulating characteristics.

The switching endurance of a 0.25-mm-thick
SrBi2Ta2O9 capacitor as a function of switching cycles w
studied. This was done by applying 8.6-ms-wide bipolar
pulses of 5 V amplitude. Figure 5 shows the decay of th
remanent polarization as a function of polarization revers
switching cyclesN. During initial cycles, no rapid fall off in
Pr was observed. There was an initial long period~up to
about 108 cycles! over whichPr was nearly constant which
was then followed by a final decay period. Even after 110

cycles, the decay inPr was observed to be less than 5%

FIG. 3. Dielectric constant and dissipation factor as a function of freque
for SrBi2Ta2O9 thin film annealed at 750 °C for 30 min.

FIG. 4. Hysteresis loop of 0.25-mm-thick SrBi2Ta2O9 film annealed at
750 °C for 30 min.
1082 Appl. Phys. Lett., Vol. 70, No. 9, 3 March 1997
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the initial value, suggesting SrBi2Ta2O9 to be an attractive
material for memory devices with operating voltage levels
3–5 V.

In conclusion, polycrystalline SrBi2Ta2O9 thin films
were successfully produced on Pt-coated Si substrates
modified MOSD technique. The precursor solution was p
pared under ambient room temperature conditions us
alkoxide-carboxylate precursors. It was possible to obtai
complete perovskite phase at an annealing temperatur
650 °C. The surface morphology of the films was smoo
with no cracks or defects while the grain size was found
increase with the increase in annealing temperature. F
film annealed at 750 °C, the small signal dielectric const
and dissipation factor at 100 kHz were 330 and 0.023 and
remanent polarization and the coercive field were
mC/cm2 and 23 kV/cm, respectively. The leakage curre
density was lower than 1028A /cm2 at an applied electric
field of 150 kV/cm for films annealed in the temperatu
range of 650–750 °C. The decay in remanent polarizat
was less than 5% up to at least 1010 bipolar switching cycles.
The dielectric and ferroelectric measurements on the fi
suggest that SrBi2Ta2O9 has good potential for application
in memories. Detailed studies are being done to analyze
effects of excess bismuth content and the postdeposition
nealing treatment on the structural, dielectric, and ferroe
tric properties of the SrBi2Ta2O9 thin films.
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