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Properties of SrBi ,Ta,Og4 ferroelectric thin films prepared by a modified
metalorganic solution deposition technique

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

(Received 5 November 1996; accepted for publication 17 Decemben 1996

Polycrystalline SrBiTa,Oqg 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
SrBi,Ta,Oq 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/StHia,O4/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 8.6.Clcn? and 23 kV/cm, respectively, for 0.25m-thick films annealed at

750 °C. The leakage current density was lower than®1&/cm? at an applied electric field of 150
kV/cm. The films showed good switching endurance under bipolar stressing at least uff to 10
switching cycles. ©1997 American Institute of PhysidsS0003-695(97)00209-X]

Ferroelectric thin films have attracted considerable attenported by pulsed laser depositibrmetalorganic chemical
tion for their potential applications in electronic devices suchvapor depositiorf, metalorganic decompositiéh® and sol-
as pyroelectric infrared detectors, optical switches, actuatorgel techniques:!! The electrical and optical properties of
displays, dynamic random access memotieRAMs), and  bismuth layer-structured ferroelectrics are dependent on their
nonvolatile random access memori®/RAMS).> =3 Ferro-  crystallographic orientation due to their large structural an-
electric nonvolatile memories have the potentials to replacésotropy. So the properties of these materials are strongly
current state-of-the-art nonvolatile memories such as floatingependent on the nature of substrate, preparation technique,
and flash erasable programmable read only memorieand the postdeposition annealing treatment. The selection of
(EEPROMS$ because of their lower writing voltages, faster precursor compounds and solvents is the most important
writing speeds, better endurance, and potentially fewer prostep in the MOSD technique. The final film properties are
cessing step§Recently, there has been a surge in researcktrongly dependent on the selected precursor compounds
activity on bismuth layer-structured ferroelectric materialsand the solvents, and the preparation conditions. The
for NVRAM applications. In particular, strontium bismuth SrBi,Ta,0j thin films were prepared by alkoxide-salt method
tantalate, SrBiTa,0,, which is one of the bismuth layer- using alkoxide-carboxylate precursors. The precursor solu-
structured compounds, is the most promising candidate fofion was prepared under ambient room temperature condi-
ferroelectric random access memori@RAMs) with high  tions. For the preparation of SeBia,Oq thin films; strontium
fatigue endurance and good retention. $TB}Og has high  acetate, bismuth 2-ethylhexanoate, and tantalum ethoxide
potential for device applications because of its high dielectrigvere selected as precursors, and acetic acid, 2-ethylhexanoic
constant, high Curie temperature, low leakage current, angdcid, and 2-methoxyethanol were selected as solvents. In the
good ferroelectric switching characteristics. In this letter, weexperiment, bismuth 2-ethylhexanoate and strontium acetate
report the fabrication of SrBTa,0q thin films by a modified  were initially dissolved in 2-ethylhaxanoic acid and acetic
metalorganic solution depositidMOSD) technique using a acid, respectively, under room temperature conditions. These
stable alkoxide-carboxylate precursor solution prepared unsplutions were then added to the solution of tantalum ethox-
der ambient room temperature conditions. It was possible tje in 2-methoxyethanol to prepare a stoichiometric, clear,
obtain a perovskite phase at an annealing temperature ghq stable SrBiTa,0, precursor solution. The viscosity of
650 °C and no pyrochlore phase was observed even up f@e solution was controlled by varying the 2-methoxyethanol
600 °C? however, the ferroelectricity was found to be weak- content. Dust and other suspended impurities were removed
er in films annealed at 650 °C due to smaller grain sizes. Buom the solution by filtering through 0.,2m syringe filters.
their is a possibility to enhance the grain growth in theThe precursor films were coated onto Pt-coated Si substrates
SrBi;Ta;,0y thin films prepared by the present technique atyy gpin coating using a photoresist spinner. The thickness of
lower annealing temperatures due to the absence of the pyhe fiims was controlled by adjusting the viscosity of the
rochlore phase. The present SfBa;,O, thin films exhibited  5ojytion and the spin speed. After spinning onto various sub-
better structural, dielectric, and ferroelectric properties tha@trates, films were kept on a hot plds ~350 °Q in air for
those rgported by other methods under similar postdepositiofg min. This step was repeated after each coating to ensure
annealing conditions. o complete removal of volatile matter. In this letter, we report

The preparation of SrBT&0s thin films has been re- he syructural, dielectric, and ferroelectric properties of
SrBi;Ta,0q thin films. The film microstructure and proper-
dElectronic mail: pcjoshi@vt.edu ties were found to be strongly dependent on the excess bis-
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FIG. 1. X-ray diffraction patterns of SrBfa,O, thin films annealed at vari-

~ - 0
: (] X . . 1.00
ous temperatures for 30 min. -

. FIG. 2. AFM photograph of SrBTa,0q thin film annealed at 750 °C for 30
muth content. The best results were obtained for 30% excessn.

bismuth content. So this letter focuses on the structural and
electrical characteristics of SrHia,Oq thin films with 30% he dielectri
excess bismuth. The effects of the postdeposition annealinfg" @0. The dielectric measurements were conducted on
temperature on the film microstructure and properties ard€tél-ferroelectric-metal(MFM) capacitors with an HP
also analyzed 4192A impedance analyzer at room temperature. Several
- : — 4

The structure of the films was analyzed by x-ray diffrac-Platinum electrodesarea=3.1x 10 cn) were sputter de-
tion (XRD). The XRD patterns were recorded on a ScintagP?Sited through a mask on the top surface of the films to
XDS 2000 diffractometer using Cu &radiation at 40 kV. form MFM capacitors. Figure 3 shows the low field dielec-
The as-pyrolyzed films were found to be amorphous andric constant and dissipation factor as a function of frequency
postdeposition annealing was required to develop crystallinfor @ 0-25um-thick film annealed at 750 °C. The small sig-
ity. The postdeposition annealing of the films was carried ouf'@! diélectric constant and dissipation factor at a frequency
at various temperatures for 30 min in an oxygen atmospheré’.f 100 kHz were 330 and 0.023, respectlvely. The dielectric
Figure 1 shows the XRD patterns of the films, deposited offonstant was larger than that for bulk ceramics; however, the
Pt-coated Si substrates. as a function of annéaling tempergielectric constant and the loss factor values for the present
ture. It was possible to attain a perovskite phase at an anned|!™S pere found to be smaller than those reported by
ing temperature of 650 °C. The films annealed at 650 °C exothers™ The permittivity showed no d'_Spe_rS'O” ‘_N'th fr_e-
hibited better crystallinity than those reported by Amanumaluéncy up to about 1 MHz, as shown in Fig. 3, indicating
et al® and Boyleet al® using chemical methods. As the an- that the values were not masked by any surface layer effects
nealing temperature was increased, the peaks in the XRB' electrode barrier effects in the measured frequency range.
pattern became sharper and the full width at haIf—maximumThe dielectric constant and the dissipation factor were found
(FWHM) decreased indicating better crystallinity and an in-1© iNcréase, as shown in Table |, W'Eh the increase in anneal-
crease in grain size with increasing annealing temperaturd]9 (emperatures from 650 to 750 °C. This increases in di-
The XRD patterns also revealed that films were poncrystaIﬁ'eCt”C con;tant Wlth anngallqg temperature may be' attrib-
line in nature with no evidence of preferred orientation orUted 0 an increase in grain size and density of the films as
secondary phases. No pyrochlore phase formation was olf{@s observed in AFM studies.

served in the XRD patterns of the SgB&,O, thin films Ferroelectric hysteresis measurements were conducted
(0%—30% excess Bprepared by the present method as waon 0.25um-thick SrByTa,0g films in MFM configuration at
observed in the films prepared by sol-gel metfiod. room temperature using standardized RT66A ferroelectric

The surface morphology of the SeBa,0, thin films test system. Figure 4 shows a typical hysteresis loop of a film
was analyzed by Digital Instrument's Dimension 3000 atom-2nnealed at 750 °C. The measured remanent polarization
ic force microscop#AFM) using tapping mode with ampli- (P;) and the coercive fieldH.) values at an applied electric
tude modulation. The scan area wasnix1 um. The sur- field of amplitude 150 kV/cm were 8.6C/cn? and 23 kV/
face morphology of the films was smooth with no cracks and

defects, as shown in Fig. 2, and the average surface roughlABLE I. Dependence of grain size, dielectric parameters, and ferroelectric
ness was less than 12 nm for films annealed in the temperatoperties on postdeposition annealing temperature.
ture range of 650—750 °C. The films exhibited a dense mi-

L . . Grain
crostructure and the grain size was found to increase with theyeerature — size 2P, E,
increase in annealing temperature, as shown in Table I, and (o) (nm) &, tans  (uClem?)  (kvicm)
was in the range of 85-165 nm for films annealed in the 650 C v 210 0007 ia ”
. ) .
temperature range of 650750 °C. o 700 °C 125 310 0020 12.8 23
The dielectric properties of SrBia,Og thin films were 750 °C 165 330 0023 17.2 23

measured in terms of the dielectric constaptind loss fac-

Appl. Phys. Lett., Vol. 70, No. 9, 3 March 1997 Joshi et al. 1081



400 T T r 0.10 10 T T T T T
N
g Pulse Width 8.6 ps
‘_:.*.‘.\.—. 0.08 5 9L Amplitude + 5V u
E 300 - 5 3
© -
B S 5 ¢ —eo oo
@ © 8 B _
5 0.06 L £ 8
c N
(3, 200 S 5
3 004 8 e 7r 4
(1] N
°© 2 T
a 100 4—/”*“,/0/. a @
0.02 S 6r- .
%
£
Q
m | [ | [ |
| | | | 0.00 5 1
100 10" 102 10° 100 102 10 10° 108 10%°
Frequency (kHz) Switching Cycles

FIG. 3. Dielectric constant and dissipation factor as a function of frequency /G- 5. Decay in remanent polarization as a function of number of bipolar
for SrBi,Ta,Qq thin film annealed at 750 °C for 30 min. switching cycles.

e initial value, suggesting Sr8ia,0Og to be an attractive
g aterial for memory devices with operating voltage levels of
-5 V.

cm, respectively. The remanent polarization value was foun{j‘:
to be improved compared to that reported by others and th
value of the coercive field was found to be smalér:’The In conclusion, polycrystalline SrETa,0, thin films
P, and E; were also measured as a function of annealin » powyery e

temperature, as shown in Table I. The remanent polarization ere successfully produced on Pt-coated Si substrates by a
ranged from 2.2 to 8.6.Clcn? and the coercive field was modified MOSD technique. The precursor solution was pre-

between 23 and 30 kV/cm under an applied electric field o]pared under ambient room temperature conditions using

) . ) alkoxide-carboxylate precursors. It was possible to obtain a
amplitude 150 kV/cm. This trend may be found consistent X! Xy precu was possi :

: A . ~'complete perovskite phase at an annealing temperature of
with the; XRD gnd .AFM d"?“a which |n.d|cate Improvement in 650 °C. The surface morphology of the films was smooth
crystallinity with increasing annealing temperature. Low

o ; . . with no cracks or defects while the grain size was found to
leakage current density is an important consideration for

. S .. _Increase with the increase in annealing temperature. For a
memory device applications. The leakage current density of

e SBATA.0, 1 s was found 0 be lowerran 10 7 T80 5% 750", b o s et corsens
Alcm? at an applied electric field of 150 kV/cm for films

. o~ - .. remanent polarization and the coercive field were 8.6
annealed in the temperature range of 650-750 °C, mdmatmgC/sz anc‘i) 23 kv/cm, respectively. The leakage current
good insulating characteristics. ' :

- 2 . .
The switching endurance of a 0.gBn-thick density was lower than 1A /cm? at an applied electric

SrBi,Ta,0, capacitor as a function of switching cycles Wasﬁeld of 150 kV/cm for films annealed in the temperature
2 9 _ ° . R
studied. This was done by applying 8&-wide bipolar range of 650—750 °C. The decay in remanent polarization

0 19 pi itchi
oulses 65 V amplitude. Figure 5 shows the decay of the was less than 5% up to at least4Bipolar switching cycles.

L ) o .~ The dielectric and ferroelectric measurements on the films
remanent polarization as a function of polarization reversm%u est that SrBTa,0, has good potential for applications
switching cycledN. During initial cycles, no rapid fall off in 99 & 9 P P

" . in memories. Detailed studies are being done to analyze the
P, was observed. There was an initial long periagb to g Y

about 16 cycles over whichP. was nearly constant which effects of excess bismuth content and the postdeposition an-
Y - ol 0.~ healing treatment on the structural, dielectric, and ferroelec-
was then followed by a final decay period. Even aftet®10

cycles, the decay i, was observed to be less than 5% of tric properties of the SrBTg,0, thin films.
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