
Thin films of layered-structure (1x) SrBi 2 Ta 2 O 9 x Bi 3 Ti(Ta 1y Nb y ) O 9 solid
solution for ferroelectric random access memory devices
S. B. Desu, P. C. Joshi, X. Zhang, and S. O. Ryu 

 
Citation: Applied Physics Letters 71, 1041 (1997); doi: 10.1063/1.119721 
View online: http://dx.doi.org/10.1063/1.119721 
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/71/8?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Structural distortion and ferroelectric properties of SrBi 2 ( Ta 1x Nb x ) 2 O 9 
Appl. Phys. Lett. 77, 2749 (2000); 10.1063/1.1319509 
 
Hydrogen barriers for SrBi 2 Ta 2 O 9 -based ferroelectric memories 
Appl. Phys. Lett. 77, 1372 (2000); 10.1063/1.1289913 
 
Protection of SrBi 2 Ta 2 O 9 ferroelectric capacitors from hydrogen damage by optimized metallization for
memory applications 
Appl. Phys. Lett. 77, 76 (2000); 10.1063/1.126882 
 
SrBi 2 Ta 2 O 9 memory capacitor on Si with a silicon nitride buffer 
Appl. Phys. Lett. 72, 1185 (1998); 10.1063/1.121008 
 
Structural and electrical properties of crystalline (1x) Ta 2 O 5 –x Al 2 O 3 thin films fabricated by metalorganic
solution deposition technique 
Appl. Phys. Lett. 71, 1341 (1997); 10.1063/1.119888 

 
 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

128.173.125.76 On: Wed, 02 Apr 2014 17:34:53

http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1920415291/x01/AIP-PT/APL_ArticleDL_032614/aipToCAlerts_Large.png/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=S.+B.+Desu&option1=author
http://scitation.aip.org/search?value1=P.+C.+Joshi&option1=author
http://scitation.aip.org/search?value1=X.+Zhang&option1=author
http://scitation.aip.org/search?value1=S.+O.+Ryu&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.119721
http://scitation.aip.org/content/aip/journal/apl/71/8?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/77/17/10.1063/1.1319509?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/77/9/10.1063/1.1289913?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/77/1/10.1063/1.126882?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/77/1/10.1063/1.126882?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/72/10/10.1063/1.121008?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/71/10/10.1063/1.119888?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/71/10/10.1063/1.119888?ver=pdfcov
borrego
Typewritten Text
Copyright by the AIP Publishing. Desu, SB; Joshi, PC; Zhang, X; et al., "Thin films of layered-structure (1-x)SrBi2Ta2O9-xBi(3)Ti(Ta1-yNby)O-9 solid solution for ferroelectric random access memory devices," Appl. Phys. Lett. 71, 1041 (1997); http://dx.doi.org/10.1063/1.119721



 This a
Thin films of layered-structure (1 2x )SrBi 2Ta2O92xBi3Ti(Ta12yNby)O9 solid
solution for ferroelectric random access memory devices

S. B. Desu, P. C. Joshi, X. Zhang, and S. O. Ryu
Department of Materials Science and Engineering, Virginia Tech, Blacksburg, Virginia 24061-0237

~Received 6 March 1997; accepted for publication 24 June 1997!

We report on the thin films of solid–solution material (12x)SrBi2Ta2O92xBi3Ti~Ta12yNby)O9

fabricated by a modified metalorganic solution deposition technique for ferroelectric random access
memory devices. Using the modified technique, it was possible to obtain the pyrochlore free
crystalline thin films at an annealing temperature as low as 600 °C. The solid–solution of layered
perovskite materials helped us to significantly improve the ferroelectric properties, higherPr and
higher Tc , compared to SrBi2Ta2O9; a leading candidate material for memory applications. For
example, the films with 0.7 SrBi2Ta2O9– 0.3Bi3TiTaO9 composition and annealed in the temperature
range 650–750 °C exhibited 2Pr andEc values in the range 12.4–27.8mC/cm2 and 68–80 kV/cm,
respectively. The leakage current density was lower than 1028 A/cm2 at an applied electric field of
200 kV/cm. The films exhibited good fatigue characteristics under bipolar stressing. ©1997
American Institute of Physics.@S0003-6951~97!03034-9#
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SrBi2Ta2O9 is one of the leading candidate material f
ferroelectric random access memory~FRAM! devices.1–3

However, the realization of a commercially viable nonvo
tile FRAM technology based on SrBi2Ta2O9 has been ham
pered by problems related to high processing tempera
~.750 °C!, low Pr , and low Curie temperature which mak
the direct integration into high density CMOS devices e
tremely difficult.4 The high crystallization temperature pos
a problem for the selection of a suitable barrier layer, a
low Pr and low Tc make these films unsuitable for hig
density memories and high temperature operation. In
letter, we report on the thin films of a new solid solution
layered perovskite materials, (12x)SrBi2Ta2O9

2xBi3Ti~Ta12yNby)O9, with much improved properties
compared to SrBi2Ta2O9 thin films at a low annealing tem
perature of 650 °C.

In general, it has been difficult to reduce the po
deposition annealing temperature of SrBi2Ta2O9 thin films
mainly due to poor ferroelectric properties at lower anne
ing temperatures. Additionally, pyrochlore phase format
has also been reported for SrBi2Ta2O9 thin films at annealing
temperatures lower than 700 °C.5 It has been established th
a critical grain size is required to get good ferroelectric pro
erties on SrBi2Ta2O9 thin films and annealing at higher tem
peratures is necessary to achieve the critical grain size.6 Sev-
eral attempts have been made to improve the fi
microstructure and, hence, the ferroelectric properties
lower annealing temperatures by either making the Sr/Bi
atomic ratio slightly off-stoichiometric or annealing the film
under low oxygen pressure conditions.7,8 The problem of py-
rochlore phase formation was eliminated by using the mo
fied metalorganic solution deposition~MOSD! technique
which provided pyrochlore free crystalline SrBi2Ta2O9 thin
films even at a low annealing temperature of 600 °C.9 How-
ever, no well-defined approach has been established to s
the problems of high processing temperature, lowPr , and
low Tc .

One of the approaches we have taken to enhance
grain growth at lower annealing temperatures is to use s
solution. The solid solution method was used to lower
Appl. Phys. Lett. 71 (8), 25 August 1997 0003-6951/97/71(8)/10
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processing temperature as well as to improve the lowPr and
low Tc characteristics of SrBi2Ta2O9. The solid solution (1
2x)SrBi2Ta2O92xBi3Ti~Ta12yNby)O9 was selected for the
present studies as SrBi2Ta2O9 has a Curie temperature o
310 °C while Bi3Ti~Ta12yNby)O9 has a Curie temperature i
the range of 870–950 °C.10 Both of these materials belong t
the layered perovskite family. So the solid solution of the
two materials is expected to exhibit a higher Curie tempe
ture and improved ferroelectric properties compared
SrBi2Ta2O9. Initial studies were conducted on bulk (
2x)SrBi2Ta2O92xBi3TiNbO9 material which exhibited
much larger grain size and higher Curie temperature co
pared to SrBi2Ta2O9 under similar annealing conditions.11 So
the thin films of the solid solution fabricated by the modifie
MOSD technique are expected to show pyrochlore-free c
talline phase and larger grain sizes at lower annealing t
peratures compared to SrBi2Ta2O9.

The thin films of (12x)SrBi2Ta2O9

2xBi3Ti~Ta12yNby)O9 were prepared by the modified me
alorganic solution deposition technique, similar to that
ported for SrBi2Ta2O9 thin films, using room temperatur
processed alkoxide–carboxylate precursor solution.9 For the
preparation of (12x)SrBi2Ta2O92xBi3Ti~Ta12yNby)O9

thin films; strontium acetate, bismuth 2-ethylhexanoate, t
nium isopropoxide, tantalum ethoxide, and niobium ethox
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, niobium ethoxide, and titanium isopropoxide
2-methoxyethanol to prepare a stoichiometric, clear, a
stable (12x)SrBi2Ta2O92xBi3Ti~Ta12yNby)O9 precursor
solution. The precursor films were coated on to Pt-coated
substrates by spin coating using a photoresist spinner.
thickness of the films was controlled by adjusting the visc
ity of the solution and the spin speed. In this letter, we rep
the structural, dielectric, and ferroelectric properties
(12x)SrBi2Ta2O92xBi3Ti~Ta12yNby)O9 thin films
104141/3/$10.00 © 1997 American Institute of Physics
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 This a
for 0.7 SrBi2Ta2O920.3 Bi3TiTaO9 and 0.8 SrBi2Ta2O9

20.2 Bi3TiNbO9 compositions belonging to end membe
(12x)SrBi2Ta2O92xBi3TiTaO9 and (12x)SrBi2Ta2O9

2xBi3TiNbO9, respectively. The properties o
0.7 SrBi2Ta2O920.3 Bi3TiTaO9 thin films are described in
detail and a comparison has been made with SrBi2Ta2O9 and
0.8 SrBi2Ta2O920.2 Bi3TiNbO9 thin films. The film micro-
structure and electrical properties were found to be stron
dependent on the excess bismuth content. The best re
were obtained for about 20% excess bismuth content. So
letter focuses on the structural and electrical characteristi
the films with 20% excess bismuth.

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 CuKa radiation at 40 kV.
The post-deposition annealing of the films was carried ou
various temperatures for 60 min in an oxygen atm
phere. Figure 1 shows the XRD patterns
0.7 SrBi2Ta2O920.3 Bi3TiTaO9 thin films, deposited on Pt
coated Si substrates, as a function of annealing tempera
It was possible to obtain a perovskite phase at an annea
temperature of 600 °C. A longer annealing time was requi
for the solid solution compositions to get well crystallize
phase as compared to SrBi2Ta2O9 thin films.9 As the anneal-
ing temperature was increased, the peaks in the XRD pa
became sharper and the full width at half-maximu
~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.

The surface morphology of the films was analyzed
Digital Instrument’s Dimension 3000 atomic force micr
scope~AFM! using tapping mode with amplitude modul
tion. The scan area was 131 mm. The surface morphology o
0.7 SrBi2Ta2O920.3 Bi3TiTaO9 thin films was smooth with
no cracks and defects, as shown in Fig. 2, and the ave
surface roughness was less than 10 nm for films anneale
the temperature range 600–750 °C. The grain size of b
0.7 SrBi2Ta2O920.3 Bi3TiTaO9 and 0.8 SrBi2Ta2O9

20.2 Bi3TiNbO9 thin films was found to be larger than th

FIG. 1. X-ray diffraction patterns of 0.7 SrBi2Ta2O920.3 Bi3TiTaO9 thin
films annealed at various temperatures for 60 min.
1042 Appl. Phys. Lett., Vol. 71, No. 8, 25 August 1997
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of SrBi2Ta2O9 thin films as expected~Table I!.
The dielectric properties of 0.7 SrBi2Ta2O920.3

Bi3TiTaO9 thin films were measured in terms of the diele
tric constante r and loss factor tand. The dielectric measure
ments were conducted on metal–ferroelectric–metal~MFM!
capacitors with an HP 4192A impedance analyzer at ro
temperature. Several platinum electrodes~area53.1
31024 cm2! were sputter deposited through a mask on
top surface of the films to form MFM capacitors. The film
were annealed at 600 °C for 20 min after top electrode de
sition to get good electrical contact. For 0.25-mm-thick films
annealed at 750 °C, the small signal dielectric constant
dissipation factor at a frequency of 100 kHz were 200 a
0.025, respectively. The dielectric constant for both the co
positions, 0.7 SrBi2Ta2O920.3 Bi3TiTaO9 and 0.8
SrBi2Ta2O920.2 Bi3TiNbO9 was found to be smaller tha
that of SrBi2Ta2O9 thin films ~Table I!. The permittivity
showed no dispersion with frequency up to about 1 M
indicating that the values were not masked by any surf
layer effects or electrode barrier effects in the measured
quency range.

Ferroelectric hysteresis measurements were condu
on 0.25-mm-thick 0.7 SrBi2Ta2O920.3 Bi3TiTaO9 thin
films in MFM configuration at room temperature using sta
dardized RT66A ferroelectric test system. Figure 3 shows
typical hysteresis loops of films annealed at 650 and 750
The measured remanent polarization (Pr) and the coercive

TABLE I. Comparison of the properties of SrBi2Ta2O9,
0.7 SrBi2Ta2O920.3 Bi3TiTaO9, and 0.8 SrBi2Ta2O920.2 Bi3TiNbO9

thin films annealed at 750 °C.

Composition
Grain size

~nm! e r tand
2Pr

(mC/cm2)
Ec

~kV/cm!

SrBi2Ta2O9 165 330 0.023 17.2 23
0.7 SrBi2Ta2O9

20.3 Bi3TiTaO9

240 200 0.025 27.8 68

0.8 SrBi2Ta2O9

20.2 Bi3TiNbO9

200 245 0.030 26.9 75

FIG. 2. AFM photograph of 0.7 SrBi2Ta2O920.3 Bi3TiTaO9 thin films an-
nealed at 750 °C for 60 min.
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 This a
field (Ec) values at an applied electric field of amplitude 2
kV/cm were 13.9mC/cm2 and 68 kV/cm, respectively, fo
films annealed at 750 °C. The remanent polarization va
was found to be improved compared to SrBi2Ta2O9 thin
films, however, the value of coercive field was found to
larger ~Table I!. The films annealed at 650 °C also show
much improved ferroelectric characteristics, as shown in F
3~a!, compared to SrBi2Ta2O9 thin films.9 The 2 Pr and the
Ec values were measured to be 12.4mC/cm2 and 80 kV/cm,
respectively. The much improved ferroelectric properties
650 °C show the possibility of further decreasing the p
cessing temperature by optimizing the composition and p
deposition annealing treatment. Low leakage current den
is an important consideration for memory devi
applications. The leakage current density of t
0.7 SrBi2Ta2O920.3 Bi3TiTaO9 thin films was found to be
lower than 1028 A/cm2 at an applied electric field of 200
kV/cm, indicating good insulating characteristics.

The switching endurance of a 0.25-mm-thick
0.7 SrBi2Ta2O920.3 Bi3TiTaO9 capacitor as a function o
switching cycles was studied. This was done by apply
8.6-ms-wide bipolar pulses of 5 V amplitude. Figure 4 shows
the decay of the remanent polarization as a function of
larization reversing switching cycles. During initial cycles n
rapid fall off in Pr was observed. There was an initial lon
period ~up to about 108 cycles! over which Pr was nearly
constant which was then followed by a final decay peri
Even after 1010 cycles, the decay inPr was observed to be
less than 5% of the initial value, suggesting
2x)SrBi2Ta2O92xBi3Ti~Ta12yNby)O9 to be an attractive
material for memory devices with operating voltage levels
3–5 V.

In conclusion, polycrystalline (12x)SrBi2Ta2O9

2xBi3Ti~Ta12yNby)O9 thin films, with much improved
ferroelectric properties compared to SrBi2Ta2O9 at an an-

FIG. 3. Hysteresis loop of 0.25-mm-thick 0.7 SrBi2Ta2O920.3 Bi3TiTaO9

film annealed at~a! 650 °C and~b! 750 °C for 60 min.
Appl. Phys. Lett., Vol. 71, No. 8, 25 August 1997
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nealing temperature of 650 °C, were successfully fabrica
on Pt-coated Si substrates by the modified MOSD techni
using room temperature processed alkoxide–carboxylate
cursor solution. It was possible to obtain a complete per
skite phase at an annealing temperature of 600 °C. The fe
electric properties for the solid solution were found to
much improved compared to SrBi2Ta2O9. For example, the
films with 0.7 SrBi2Ta2O920.3 Bi3TiTaO9 composition
and annealed in the temperature range 650–750 °C exhib
2Pr and Ec values in the range 12.4–27.8mC/cm2 and
68–80 kV/cm, respectively. The leakage current density w
lower than 1028 A/cm2 at an applied electric field of 200
kV/cm. The films exhibited good fatigue characteristics u
der bipolar stressing up to 1010 switching cycles. The struc
tural, dielectric, and ferroelectric measurements on the fi
suggest that (12x)SrBi2Ta2O92xBi3Ti~Ta12yNby)O9 has
great potential to solve major problems with SrBi2Ta2O9 for
the realization of a practical memory device. Detailed stud
are being done to optimize the composition and analyze
effects of excess bismuth content and the post-depos
annealing treatment on the structural, dielectric, a
ferroelectric properties of (12x)SrBi2Ta2O9

2xBi3Ti~Ta12yNby)O9 thin films.
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