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Effect of lead additive on the ferroelectric properties and microstructure
of SrPb,Bi,,Ta,Oq thin films

San-Yuan Chen® and Ving-Ching Lee
Department of Materials and Science Engineering, National Chiao-Tung University,
300 Hsinchu, Taiwan, People’s Republic of China

(Received 30 November 1999; accepted for publication 21 February) 2000

Ferroelectric thin films of bismuth-containing layered perovskiteP§Bi,, Ta,Oy have been
prepared using the metalorganic decomposition method. The effect of both Sr and Pb content on the
crystal structure, microstructure, and ferroelectric properties QPISBi, ;Ta,0Oq films was
investigated. A maximum remanent polarization oP,2 19.2uC/cn? was obtained for the
Sr,Phy 5Bi5 3Ta,0Oq film with 20 mol % Sr-deficient composition as prepared at 800 °C, which could

be the compromising effects of Sr content on both grain growth and second phase formation of
BiTaO,. The substitution of Pb for Bi is accompanied by the occurrence of oxygen vacancies to
compensate the charge balance, which is responsible for grain growth mechanism in
Sro.gPhy ,Bi, 3Ta,0, films. Fatigue endurance of §Bi, 3Ta,0, films becomes problematic after®.0
cycles with a decrease in remanent polarization to 85% of the original value. This phenomenon was
related to electron injection and creation of electron traps due to the occupation of Sr vacancies by
Bi cations. It is demonstrated that the fatigue endurance gB%s ;Ta,O, film can be improved by
doping with 20 mol % PbO. €2000 American Institute of Physid$§0021-897@0)01311-9

. INTRODUCTION pearance of the SBT phase and the formation of a BiTaO
_ . _ second phas¥. On the other hand, Watanalet all* re-
Bismuth-containing layered perovskites were found topqteq that the dependenceRf on Sr content in SBN films
be ferroelectric by Smolensket al:»= They belong to the a5 entirely due to the sensitivity of grain orientation to Sr
family of Aurivillius compounds with a general formula of ¢qtent. The randomly oriented Sr-deficient SBN films have

C A2 2- i :
(Bi202) "* (Am-1BmOsm+1)” ", consisting of m-perovskite |rger remanent polarization thanaxis oriented stoichio-
units sandwiched between bismuth oxide lay@rere Aand  etric SBN films. An asymmetric hysteresis loop was also

B are _t+h3e t""?ztypefz of c+aztions t+hlat e_nter_4t+he pEEOVSKSiEe Unilohserved in Sr-deficient SBT films. Excess Bi is usually re-
A 'SBE" \/\?66*1 . SP5 PO or K5 Bis TI™, Ta™, Nb>™, quired to achieve stoichiometry due to the high volatility of
Mo®" or ) Bi during processinty and Bi diffusion into the bottom elec-

Ferroelectric  thin ~ films of SrBND,O;  (SBN),  yrode during annealinf Watanabeet al*” reported that the
SrBi;Ta,0g (SBT) and their solid solutions are being widely ggT fiims grown with an excess bismuth of around 20%

investigated for applications in high density nonvolatile(2222_4) yields a maximun®, value and a lower coercive
ferroelectric random access memories because of their excg|gq.
lent ferroelectric properties, characterized by limited polar- PbBiL,Nb,O, is another ferroelectric compound that has a

ization fatigue and low coercive fieftf Various deposition  |5vered perovskite structufelt has a pseudotetragonal unit
methods have been used to produce Bi layer-structured ferree) with lattice parametera="5.492 A, b=5.5034, ¢

electric thin films, such as rf sputterifdaser ablatiorf, met- —92553 A andZ=418 Subbaracet al® found well-defined

alorganic chemical vapor deppsiti&raa,nd we.t-.chemicailg_plroo- hysteresis loops for PbBilb,Og-based capacitors at 200 °C,
cessegsol—gel or metalorganic decompositigdOD)]. but its relatively high coercive field made it difficult to ob-

Ferroelectric properties, crystal structure, and miCro,in ferroelectric switching at room temperatéfésrom the

structure are remarkably influenced by the composition flucVieWpoint of the general formula of Aurivillius compounds,

tuation in the bismuth layer structured compounds. Atsukipb, similar to Sr in the SrBNb,O,, occupies theA site in
etal™ reported that the remanent polarizatid®, of e perovskite unit of PbBNb,Oy. However, Pb and Bi are
StBi, T8,0¢(0.7<x=<1.0, 2.0<2z=<2.6) increased With nown to have €2 lone pair electrons and tend to form
the decrease of the Sr/Ta mole ratio for films annealed by ereq structures, thus promoting strong ferroelectricity. A
800 °C. A maximum remanent polarization was obtained forocant study by Millanetal?! reported that when the
the 20 mol% Sr-deficient and 10mol%  Bi-excessgpj Npb,0, ceramic was doped with PbO, the ZPhcation
composmorﬂ Noguchiet al. attributed the enhancement in 45 incorporated into the orthorhombic structure, leading to
P, with decreasing Sr content from=1.0 to 0.8 to the in- 5 onaclinic distortion, which increases with the increased
crease in grain growth. On the other hand, the decreaBe of gpstitution of BY* by P*. From literature reports, it was
value with further decreasing Sr content is due to the disapr,,nq that vacancies usually play an important role in grain
growth and have a remarkable effect on electrical properties
dAuthor to whom correspondence should be addressed. of materials, especially for electronic ceramics such as
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BaTiOs.22 Therefore, it is also relevant to study the effect of o SBT
Pb"? incorporation in the composition $i,,Ta,0y com- x BiTaO4
pound in order to identify its role in the structure of this
compound. In this work, we explore the correlation between
the Sr deficiency in SBT films and the observed enhanced
polarization from the viewpoint of defect chemistry. Based Sry 6By 012,09
on the similar structures of PbHia,Oq and SrBjTa,0q, the
effect of PB* substitution on remanent polarization and fa-
tigue properties of §Bi,, Ta,0y composition was also inves-
tigated.

Sty oBiy oTa,0g
Il. EXPERIMENT oy N\ J

The starting materials for the MOD process were bis- S112B12072205
muth 2-ethylhexanoate[ Bi(CH3(CH,)sCH(C,H5)COO0);], 10 20 30
strontium 2-ethylhexanoate 2 0 (degree)
[ SHCH5(CH,)3CH(C,H5)COO),], lead 2-ethylhexanoate
[ Pb(CH3(CH,)sCH(C,H5)CO0),], and tantalum ethoxide
[ Ta(OC,H5)5] with 2-ethylhexanoic acid as the solvent. The
metalorganic precursors were mixed to form solutions with ) . . ) .
compositions of SPhBi,,Ta,0. Prior to film deposition, creasing Sr de_f|C|ency. This peak might or|.g|nate from the
the substrate (PYTi/SiISi) was cleaned in acetone and al- formation of BiTaQ (JCPDS 16-0906according to the re-

cohol ultrasonic baths, then blown dry with, ljas. The so- POrt of Haseet al®? _ » _

lutions were spin coated onto the substrate at a speed of 3000 12ble I lists the chemical compositions of,Br,T8,0q
rpm. After each coating, the as-deposited film was dried on #/Ms annealed at 800 °C for 0.5 h. The molar numbers of Sr,
hot plate at a temperature of about 350 °C to remove thé—a' and Bi in those fl!ms are very c!o_se to _the compositions
solvent before application of the next coating. After the pro-IN the precursor solutions for Sr-deficientBr,Ta,0 films.
cess was repeated four times, the as-deposited films welB other words, the films with Sr deficiency show no obvious

sintered at 750—800°C in air for 30 min by directly placing Bl 105s. However, for the films with S =1, a partial loss
the coated substrate into a preheated tube furnace. of Bi was found compared to those in precursor solutions.

The crystal structures of the films were analyzed by us- NiS might indicate that the occupation of Sr vacancies by Bi
ing Siemens D5000 x-ray diffractiofRD) with CuKa ra- ~ cations reduces the evaporation ob®j or Bi loss. Simi-
diation and a Ni filter. The chemical composition of the films 1arly, for Sr-deficient SygPh, Biz sTa;0, films, except for
was determined using inductively coupled plasifi&P) the loss of _Pb, the reduction of_Bl was also observe_d.
mass spectroscopfPerkin Elmer, SCIEX ELAN 5000 The The microstructure evolution of SrBilg,0, films
film thickness was measured by Dektak surface profilometehanges substantially as a function of Sr content, as shown in
Field-emission scanning electron microscopy Hitachi S4000F19: 2. The grain size is larger for Sr-deficient films than for
was performed to investigate the surface morphology of thdilm with stoichiometric Sr content and the Sr-rich film. The

films. Patterned top Au electrodes through a shadow mask officrostructure of SyeBi, sTa;0, film presents a rod-like
an area of 8.810 *cn? area were sputter deposited onto 9rain matrix interposed with a few smaller microcrystals in-

the SBT layers to define capacitors in order to perform elecdicated by the arrows in Fig.(@. The microcrystals were

trical measurements. A ferroelectric testing syst&-66A, ~ egarded to be the secondary phdpeobably BiTaQ) as

Radiant Technologies Incoperating in the virtual-ground nferred from the XRD patterngFig. 1). In addition, with
mode was used to obtain the remanent polarizatiodcréasing Sr content from $0.6 to 1.2, grains become
(P,)-coercive field E.) hysteresis characteristics and fa- finer and rounder. The average grain sizes were measured to

tigue properties. Fatigue tests of the films were conducted
using a bipolar square wavéd 5 V at 1 MHz.

5(115)

Pr(111)

(200)

Pt
(2010)

Sty gBis gTa,0g

Intensity

ik

40 50

FIG. 1. XRD patterns of §Bi,Ta0q films annealed at 800 °C for 0.5 h.

TABLE |. Sr/Pb/Bi/Ta ratio normalized in Ta2 for StPhBi,, Ta,0q

films.
Il. RESULTS
Precursor solution Films prepared at 800°C
. I Sr/Pb/BilTa Sr/Pb/BilTa
A. Sr,Bi,,Ta,0q thin films
0.8/0/2.0/2 0.787/0/2.05/2
1. Microstructure and phase evolution 0.8/0/2.3/2 0.793/0/2.31/2
1.0/0/2.0/2 0.977/0/2.04/2
XRD analysis was used to investigate the effect of Sr 1.0/0/2.3/2 0.969/0/2.24/2
content on the phase development ofB$5Ta,0, film (0.5 0-8;0-2;2-0;2 0-79250-183;1-98;2
<x=1.2) annealed at 800 °C for 0.5 h. As shown in Fig. 1, cl)'g/g'g/g'gé g'ggilg'igg/i'g‘;/g
an unknown phase at ¢229.5° was observed for 1.0/0.2/2.3/2 0.976/0.172/2.19/2

Sy eBia TaOyq film and the peak intensity increased with in-
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FIG. 4. Remanent polarization P2 values in SBi,,Ta0Oy and
Sr,PhyBi,, Ta,0q films fired at 800 °C for 0.5 h.

FIG. 2. Dependence of Sr content on microstructure(@f:x= 0.6, (b) x - - - . _ o
—0.8.(0) X=1.0, and(d) x=1.2 compositions in $Bi, ;Ta0, fims an- was obtained at the i, ;Ta,0q films with Sr=0.8. A simi

nealed at 800 °C for 0.5 h. lar phenomenon was also observed for theBbryTa,0g
films.
Fatigue endurance was tested with 1 MHz bipolar pulses
be about 190, 145, 100, and 70 nm for 0.6, 0.8, 1.0, and at 5 V. Figure 5 shows the fatigue behavior of Bk, T,0q
1.2, respectively. films prepared at 800 °C for 0.5 h. Most of thg Bir, ;Ta,0q
films show no appreciable fatigue after’idycles. However,
a partial loss of P, after fatigue was observed for
2. Electrical properties Srp eBi, sTa,Og-based capacitors. The percentage of the rem-

Figure 3 shows the P—E hysteresis curves of botrfnent .p(_)I.arization afte_r focycles was appro>.<imately 87%
SIBi,Ta,0s and S Bi,sTa,0, films annealed at 800 °C. of the |n|t|al' yalue. Similar dependence of fatlggelzendurance
The 2P, value of SggBi, sTa0Oq film was measured to be on composition was also observed by Noguehal.
about 15..C/cn?, which is larger than that of SrBiTa,0q , o
films (2P,=6.7uClcn?) for an applied voltage of 5 V. B. Pb,Bi,Ta, 0, thin films
Here, the hysteresis curves of Sr-deficient SBT film often  Figure 6 shows the XRD patterns of /B, Ta,Og (PBT)
exhibit little horizontal shifts along the voltage axis as com-films fired at 800 °C for 0.5 h. Some peaks a#=229.4,
pared with that of stoichiometric SBT film. TH& value was 32.6, and 34.1, corresponding to BiTaOphase in
also found to be strongly dependent on Sr content irSr,¢Bi,Ta,0q film, began to develop. Furthermore, these
Sr,Bi, 3sTa;0O9 compositions for a variety of Bi content ¥2  peak intensities increased with decreasing Pb content in
=2.0-2.3)(Fig. 4. When the Sr content exceeded 20% ( PhBi,Ta,0; films. The dependence of grain size on Pb con-
=1.2), there is no hysteresis curve. However, tig alue  tent in PBT films was completely different from that of Sr in
increased with the decrease in Sr content frors B0 to  SBT films. As shown in Fig. 7, a fine-grained microstructure

Sr=0.8 and then decreased with further decreasing Sr corwas developed in the PBi,Ta,0q film with Pb=0.6 and
tent from Sk0.8 to Sk=0.6. The maximum value of 2,

20 [ T |Il|l1 T IIIIIII T lllll‘ T IIIII1 T Illll1 AI IIIII1 T IIIIIII T Illll‘ T Illll‘ T Illllll T Illll-
s T T Stg,gBiz 3T2;0¢ .
_ i ]
« 10 | 15T T\A‘_A\A_ﬁ\ﬁ“ _
g — |
S - Sty Biy ;Ta,0 ]
g s - g To.8B15 013,09 e ay ]
p— -~
= o 10 =
2 2 St, oBi, 52,0 ]
= = .0°!2.3'820% 0B —oBuoe |
N e ¥ ]
-t _5 4
5 N s ————————¢ 00 e e0e, -
'_O( - SI‘]_()BIZ.OTazOg ]
& -10 1 s
_1 5 1 1 1 1 1 1 0 [ 1 IIIII‘ 1 IIIIIII 1 IIIII‘ 1 IIIIIJ 1 IIIlI‘ 1 I|||l‘ 1 lIIIIlI 1 IIIII‘ 1 IIIII‘ 1 I|IIIII 1 IIIII-
200 -150 -100 -50 0 50 100 150 200 1 100 10° 108 10° 10™
Electric Field (kV/cm) Cycles

FIG. 3. P-E hysteresis loops df) SrBi,Ta,Oy and(b) St gBi, 3Ta,0q films FIG. 5. Fatigue behavior of @Bi,,Ta,0, films with an applied voltage of 5
annealed at 800 °C for 0.5 h under applied voltage of 5 V. V at 1 MHz.
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- FIG. 8. Dependence of Sr content on remanent polarization of
Pb, 4By ¢Ta,0, Sr.Pby _Bi, 3Ta,0, films annealed at 750—800 °C.

10 20 30 40 50
2 0 (degree) oo .
(Am-1BmOsm+1)°~ with m=2. However, both §Bi,Ta,0q
FIG. 6. XRD patterns of R}Bi,Ta,0, films annealed at 800 °C for 0.5 h. and PhBi,Ta,Oq films have completely different microstruc-
ture evolution and electrical properties with changhgite
content. The optimal remanent polarization occurs for the
accompanied with the formation of pores because of volume-deficient S48Bi, sTa,0q but a very poor polarization was
shrinkage during the amorphous/crystalline transformationgpserved in the Pb deficient §§Bi, sTa,0; films. This find-
With increasing Pb content, clusters appedffed stoichio-  jng suggests that tha-site atom(such as Sr or Phin the
metric PBT films, Fig. Tc)], probably originated from a Aurivillius-structure layered bismuth compounds plays a
single nucleus, similar to spherulites commonly seen inery important role in the electric properties. In order to
amorphous-to-crystalline transitions. Some clusters withgjarify the relative effect, the composition of
pores appear located near the center of each cluster and &g pp, _,Bi,,Ta,0, films was chosen as a basis to compare
the grain boundaries. Even for Pb-rich PBT films, the ClUS-itS role in po|arization and microstructure.
ters are still seefFig. 7(d)]. When SgPb,_,Bi,sTa0, films were annealed at
The hysteresis curve of PBi;Ta0q films with y=0.7 750 °C for 0.5 h, a maximum value of2, as shown in Fig.
and 1.0 were further measured under an applied voltage of § occurs at the film witik=0, i.e., PbBj sTa,0y. Moreover,
V. The film with y=1.0 displayed a remanent polarization as the Sr content increases, the, Zhanges little up to
P, of 3.3uCl/cn? but the remanent polarization could notbe =g 7 and then a sharp drop ofP is observed ak=1.
measured for Pb-deficient fRi,Ta,0g films such asy  when the annealing temperature was raised to 800 °C, a sec-
=0.7. The fatigue behavior of PbHia,0q films were also  ond phase was detected in the Pb-richPBr_Bi, sTa,0g
tested and no appreciable loss afte? ¢W|es was observed. Composition as observed in Pb_deﬁcienyBiQOTazog film
(Fig. 6), therefore, causing the remanent polarization to be

C. Sr,Pb,_,Bi,3Ta,0q thin films apparently reduced, especially for a PHHia,Oq film. Con-
. . sequently, a maximum remanent polarization Pf2
Both SrBpTa,0y and PbBjT,0, are Aurivillius- =16.7uClcn?) was obtained near the composition of

structure  layered  bismuth - compounds  of AB)*" Sty Phy Bi, 3TaOq film (x=0.7). In this case, the results
also reflect the fact that the minor addition of Pb into
Sr,Bi, sTaOq films does not strongly influence the depen-
dence of Sr content oR, value.

In order to further clarify the role of Pb additive in
Sr,Bi, sTa0Oq films, the electrical properties and microstruc-
tural morphology of SBi,sTa0Oq films doped with 20
mol % PbO were studied. The XRD results show that no
changes in the diffraction pattern were observed except for a
slight variation in the intensity of some diffraction peaks.
The dependence of film morphology on Sr content in the
Sr,Phy ,Bi, sTa,0q compositions is shown in Fig. 9. As the
Sip eBissTaOg film is doped with 20 mol% PbO, i.e.,
Srp ePhy Bi, sTaOq, the grains begin to grow and coalesce
with each other. Therefore, some large grains were formed
along with finer pores located near the center of a large grain
or at the grain boundaries. Obviously, the addition of PbO

FIG. 7. SEM plan views of RfBi;Ta,0, films with: (a) y=0.6, () y ~ Promotes the grain growth of &Bi, 3Ta,0, film. Further-
=0.8,(c) y=1.0, and(d) y=1.3 compositions annealed at 800 °C for 0.5 h. more, as compared with the grain size of SEM micrographs
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IV. DISCUSSION
A. Microstructure and polarization properties

The 2P, values increased with the decrease in Sr content
from Sr=1.1 to Sr=0.8 for SBi, ;Ta0y films annealed at
800°C. The enhance®, could be attributed to the grain
growth and grain orientation as reported in the literatéré?
However, in our case, no preferred orientation was observed
in the XRD pattern for §Bi, 3Ta0q films, but the micro-
structure of Fig. 2 indeed revealed a grain morphology tran-
sitioned from rod- to round-like as the Sr content increased.
For Sr-deficient SBi, 3Ta0g compositions, the BiTap
phase was identified according to the XRD analysis of Fig. 1.
Furthermore, the number of Sr defects would increase with
the decrease in Sr content and therefore, the probability of
domain pinning would increase, resulting in a reduc&y 2
Although the Sg¢Bi, sTaOq film has larger grain size, both
FIG. 9. SEM plan views of SPh, ,Bi, sTa,0q films with: (a) x=0.6, (b) Sr vacancy concentration and second phase formation of
x=0.8, (¢) x=1.0, and(d) x=1.2 compositions annealed at 800°C BiTaO, microcrystals overcame the grain-size effect. There-
for 0.5 h. fore, a maximum polarization was obtained at=9t8 for

both SgPhy-Bi, sTaO9 and SgBi, sTa,0Oqg films. The en-

hanced remanent polarization of the former composition
in Fig. 2 for SgBi, sTa,0q films, a larger-grain microstruc- could be attributed to the larger grain size compared to the
ture was obtained for gPh, Bi, sTa,0q films. The average latter composition without Pb.
grain size of SPhyBis3Ta0Oq films, similar to As compared to SrBia,0Oy, the PbBjNb,Oy ceramic
Sr,Bi, sTa,Og9 compositions, decreases with the increase ohas a lower crystallization temperature and sintering tem-
Sr content. The average grain size was measured to hmerature. Therefore, at the lower annealing temperature of
around 210 nm at the compositions»of 0.8 and 150 nm at 750 °C, Pb-rich  composition (i.e., x=0) in
x=1.0. Sr,Pb;, _Bis sTa0Oq (0<x<1) films gives a larger remanent

In order to compare the effect of 20 mol % PbO on thepolarization as compared to the film wik+1. At 800 °C,
remanent polarization of @i, sTaOq films, the 2P, values  however, a second phase was observed in the Pb-rich films
of SrPhy -Bi, sTa0q films were measured at 5 V. As shown as shown in the XRD pattern of Fig. 6 for PhBa,0Oy com-
in Fig. 4, the film with 20% Sr deficiencyE& 0.8) still gives  position, and thus, the remanent polarization was strongly
a maximum 2P, of 19.2 uClen? for SrPhy,Bi,sTa0,  reduced for increasing Pb contdpr decreasing Sr content
compositions. Figure 10 shows the fatigue behavior ofAn optimal 2P, of 16.7uCl/cn? was attained around the
Sr,Phy -Bis 3Ta,0q films excited wih 5 V pulses. The fatigue composition of S§/Phy 5Bi, sTaOqg. Here, further increasing
of Sry gBi» 3Ta,0q film is also placed in Fig. 10 for compari- Sr content leads to the decrease of remanent polarization
son. Most of the S§Phy ,Bi, 3Ta0Oq films exhibit good fa-  since grain size was remarkably reduced.
tigue endurance except for Pk, -Bis 3Ta0q films having
a slight degradation of 9%. The fatigue endurance of. Role of Pb in Sr ,Pb,Bi,,Ta,Oq films
Sry.Bis sTa,0g film was obviously enhanced by 20 mol %
PbO additions.

From electronic structure, both Pb and Bi have a lone
pair of out-shell electrons of$. This chemical aspect could
be significant since the lone-pair electrons of Pb and Bi are
known to have a large polarizability and to promote strong

2 - 1 ferroelectricity. However, from the viewpoint of ferroelec-
[ StosPbo2Biz3Ta0 ] tricity, Pb in PbBjTa,Qq, as similar to Sr in SrBira,0,,
15E St ~Bio Ta:0 m ] i.e., it occupies the A site in Aurivillius compounds and the
R ] radii of Pb(1.18 A), Sr(1.16 A) and Bi (1.02 A) are very

] close? It will be interesting to study the role of Pb in
] SrBiTa,Oq film in order to identify the key chemical and
structural elements that lead to optimal polarization and po-
larization fatigue.

Assuming Pb can completely substitute for Sr in the
SrBi,Ta,0O4 composition, the PbBia,0Oq film should display

2Pr (uC/cmz)
s
T

[St; gPbg 2 Biz3Tas0g

w0

0 Lund vuwal 111 ool toul sunl sl sl '“""'1.;""; a specific ferroelectricity. However, since PbO, after being
1 100 10 c 110 10 10 annealed at high temperature, is easily evaporated, the
yeles PbBi,Ta,0y composition probably became &,Ta,0q (z

FIG. 10. Effect of 20 mol % Pb additive on the fatigue characteristics of <1)- Furtherm(_)re,_ if the r(_)le of P_b is similar to Sr, the
SrBi, s;Ta,0q films under applied voltage of 5 V. measured polarization of FBi,Ta,Oq film should have been
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comparable with that of $Bi,Ta;0p (x<1) films. However, _since both radius of StL.16 A and Bi (1.02 A) are very
there was no appreciable polarization observed for Phclose.™“” The electron can be produced by substituting Bi
deficient films such as BBBi,Ta,0. Obviously, the role of for Sr vacancy according to the defect reaction as follows:
Pb content in PBT film in polarization and microstructure is 2510
complgtely differt_ant from that of Srin @i, 3Ta,0Oq film. Bi,O3 —— 2Big,+205+2e". (2

With the addition of 20 mol % PbO, the dependence of _ o _
grain size on Sr content in $th, ,Bi, sTa,0, films shows ~ With 15 mol % excess Bi, the Sr-deficientogBi,.sTa,0g
similar tendency as the i, sTa,0, films. However, we film is probably considered as donor doped and the chance
found that the grain size of §Ph, Bi, sTa,0, film (Fig. 9) fo_r electron injection is high. Therefpre, af_ter_ cypling, the
was larger as compared with $Bi, ;Ta,0, film (Fig. 2.  injected electron was trapped by the iongBwhich in turn
This observation indicates that the incorporation of Pbocould pin the domain boundary movement, causing the swit-
plays an important role in promoting grain growth of chable polarization to decrease. This is in agreement with
St gBi» sTa,0, film. That is the reason why the remanent OUr fatigue data shown in Fig. 5. Furthermore, the number of
polarization of SggPhy Bi,sTa0g film is enhanced com- Srdefects would increase with the decrease in Sr content and
pared to SygBi,sTa,0, film. According to the defect chem- therefore, cause a larger coercive field to polarize the film.

istry, if the ionic defects were produced and the overall elec-  Although Pb is a volatile species, the anitoxygen
troneutrality was kept, the substitution of Ptfor Bi3* will ~ vacancies accompanied by the substitution of Pb for Bi do

create oxygen vacancies as follows: not seem to adversely affect the fatigue resistance as evi-
81,05 denced in Fig. 10. Thif] giyes ﬁclea;er_ eviderr:cer':o ruée out the
. oxygen vacancy mechanism for fatigue that has been pro-
2PbO 2Pl +Vo+20;, @ posed for PZT film&* According to the fatigue model pro-
As reported for BaTi@ceramics, the grain growth was usu- posed by Warrert al?® and Eq.(2), the released electronic
ally observed with increasing acceptor concentrations beecharge trapping at domain walls can inhibit the domain mo-
cause oxygen vacancies will be produééd@hese phenom- tion and lead to the partial suppression of the switchable
ena reflected that the small amount of Pb was probablyolarization in Sg ¢Bi, sTaOq film. However, as indicated in
incorporated into the Bi site in the §Ply ,Bi, 5TaOg films.  Table |, S ¢Bi, sTa,Oq film shows almost no loss of Bi, but
the addition of Pb induces the reduction of Bi in the
C. Fatigue behavior of Sr ;_,Pb,Bi,;Ta,0q films Sip Py Bi, sTa0g film. It is plausible for Pb to occupy the
Sr vacancies and produce free Bi which will be readily
evaporated from the surface because of the high vapor pres-
Ssure of Bi at high temperatures. Therefore, the reaction in
Eq. (2) is probably partially inhibited by doping Pb into the
Sry gBi» 3Ta,0q film so that the electronic charge cannot be
easily released. Alternatively, the released electrons due to
the Bi substitution for Sr can be possibly compensated from
the hole or oxygen vacancies produced from the substitution

larization loss under the same applied voltage of 5 V. of Pb for Bi as show_n in Eq(l)_. Conseque_ntly, the fatigue
There are several proposals that attempt to explain th@ehavior of S¢ P, Bi; 3Ta,0; film can be improved by in-

fatigue behavior of ferroelectric thin films especially for pi- corporating 20 mol % PbO into $§Bi, 3Ta0, film.

ezoelectric transducer®ZTs. These proposals are all re-

lated to defe_cts, wh?ch may be trapped at domain bo_undarie\g,_ CONCLUSIONS

to lower their mobility. However, there have been different

views of the species of the defects and the location of the  SrBi, 3Ta,0gy and PRBi, ;Ta,0, films have shown com-
trapping sites. Oxygen vacancy and electron/hole injectiompletely different dependence of microstructure evolution and
have been suggested as possible mechanisms for the fatigfggroelectric properties on A sit€Sr or Ph content in Au-

of PZT films?*2® Support for the oxygen vacancy model was rivillius compounds of (BiO)?" (Am-1BmOsm+1)? -

drawn from the observation that oxygen vacancy was pro- Ferroelectric properties of @i, sTa,0q films could be
duced in PZT film because PbO was easily evaporated dufurther enhanced by the addition of 20 mol % Pb.

ing high temperature annealing. In our case, however, the The addition of Pb is responsible for the enhanced grain
Sry.gBis 3Ta0g film prepared with both 20 mol % deficiency growth in Sg gPhy, Bis 3Ta0q films.

Sr and 15 mol % excess Bi should have very few oxygen Fatigue endurance of §Bi, ;Ta0q films in this study
vacancies. Therefore, the oxygen vacancy mechanism is nbecome problematic after 1@ycles with decreasing Sr con-
applicable in explaining the fatigue behavior of tent. This was proposed to originate from with electron in-
Sy gBis 3Ta0qg film. In the other model, the electron/hole jection and traps due to the occupation of Bi for Sr vacan-
mechanism states that the injection of charge cafm&inly  cies.

electron$ will be trapped at domain boundaries to pin do- Fatigue behavior of {gBi,3TaOq film can be im-
mains. The tendency for this to occur increases when thproved by incorporating 20 mol % PbO because the release
material is donor dopet?. For Sg gBi, sTa,0s film, it was  of electronic charge could be partially inhibited by doping Pb
considered that Sr deficiency was compensated by excess &i occupy the Sr vacancies.

Ferroelectric thin films of bismuth-containing layered
perovskite such as Sr8ia,0O4 and SrBjNb,O4 have been
reported to have excellent good fatigue resistance. In o
results, although Sr-deficient SEBTa,0q film shows an op-
timal remanent polarization of . =15.9.C/cn¥, a loss of
Pr of 15% was measured after®€ycles. A similar phenom-
enon was also reported by Nogudtiall? In contrast, the
SrBi, 3Ta0q or SrBLTa,0q films show no appreciable po-
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