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High-resolution electron microscopy investigations on stacking faults
in SrBi ,Ta,0q4 ferroelectric thin films

X. H. Zhu,® A. D. Li, D. Wu, T. Zhu, Z. G. Liu, and N. B. Ming
National Laboratory of Solid State of Microstructures, Department of Physics, Nanjing University,
Nanjing 210093, People’s Republic of China

(Received 11 July 2000; accepted for publication 12 October)2000

Structural planar defects in the SpBa,Og (SBT) films with 10 mol% excess Bi grown in
PU/TIO,/SiO,/Si substrates by metalorganic deposition have been observed by high-resolution
electron microscopy. It was found that these stacking defects were planar defects with extra Bi—O
planes normal to th& axis. These structural defects are expected to effectively improve the
ferroelectric response and fatigue-resistance characteristics of SBT films because of the extra Bi—O
planes having higher strucutral flexibility and alleviating the mechanical stresses and strains as well
as injected-charge problems. 2001 American Institute of Physic§DOI: 10.1063/1.1332106

Ferroelectric thin films have received considerable attene axis in SBT ferroelectric films prepared by metalorganic
tion for nonvolatile memory applications because of theirdeposition(MOD). The relationship between strucutral de-
low operating voltage, high switching speed, and betteffects and ferroelectric properties is also discussed.
endurancé: In the past decade, ferroelectric films of the SBT thin films with 10 mol % excess bismuth were de-
PK(Zr, Ti;_,)O5 (PZT) family are the most popular materials posited on Pt/TiQ/SiO,/Si substrates at 750 °C by MOD,
for nonvolatile memory applications. However, PZT thin details were described elsewhéteror electrical measure-
films with Pt electrodes exhibit significant polarization fa- ments, Pt top electrodes were sputter deposited onto the SBT
tigue during the electrical field cycling, although this prob-films through a shadow mask with an area of 3.14
lem has been mostly alleviated by using oxide electrodes< 10* cn?. The ferroelectric properties of SBT films were
such as YBg&Cw05,4 La; _Sr,C00;,° RuO,,6and Ir0,.” An - measured by RT6000HVS testéRadiant Technologies,
alternative approach to control the fatigue problem in ferrodnc.). The plan-view samples suitable for HRTEM observa-
electric capacitors is to use other ferroelectric materials. Retions were prepared by a combination of mechanical thin-
cently, issues with fatigue and concerns of environmentping, dimpling, and ion milling. The samples were cut and
safety, and health have prompted interest in the bismuth layground on substrate side to a thickness~a30 um. The
ered perovskite materials such as SiB,Og (SBT). It has  samples were then dimpled on the substrate side to approxi-
been demonstrated that Pt/SBT/Pt capacitors exhibit practimately 15um at the center, and ion milled with 4 kV argon
cally no polarization fatigue up to about #0switching ion at incident angle of from 15° to 12°. After perforation,
cycles, good retention characteristics, and low leakagéhe samples were further milled with 1.5 kV ions with an
current$ The absence of fatigue in SBT is thought to be theincident angle of 10° to remove surface damage and con-
fact that electronic traps in this material are shallow, whichtamination. The microstructural defects of SBT films were
results in weak pinning of domain walls. Therefore, the do-observed by HRTEMJEOL, JEM-4000EXoperated at 400
main walls are easily depinned by an external fieliThus,  kV with point-to-point resolution of 0.19 nm.
factors that can influence the electronic trap states in SBT SBT material is one member of family of multilayered
such as impurities and strucutral defects, are critically imporAurivillius compounds? Its structure consists of one Sr—
tant to the properties of this material. The physical propertied a—O perovskite block situated between twe@ilayers, as
of SBT thin films have been extensively investigated with anshown in Fig. 1a). The SF* is surrounded by 12 oxygen
emphasis on nonvolatile memory applications, however, upons as in perovskite and is essentially passive. THe Ta
to date the basic structure, intrinsic properties, and effects gfctahedrally coordinated by six oxygen ions. At three of the
microstructural defects on physical properties of SBT filmsfour distinct oxygen sites, @) and Q4), O(5) are bonded to
are not well understood mainly because of the lack of welltwo Ta ions, as in perovskite, while(®) is apically bonded
characterized strucutral defects at the atomic-scale. HigHo one Ta, as shown in Fig(l). Bi and Q3) form a rippled
resolution transmission electron microsco@#RTEM), Bi,O, layer, in which Bi ions lie alternatively above and
which can image the strucutral defects at the atomic scalbelow the @3) plane, as in the Pb—O layer in tetragonal
and determine the microstructures with atomic-level accuPbO. The Bi sites are asymmetric, forming four short bonds
racy, is proved to be invaluable in characterizing structurato O(3) sites and four longer bonds to(®) sites. The crystal
defects. In this letter, we report the direct HRTEM observa-tructure of SBT material has been refined by electron and
tions on stacking faults with extra Bi—O planes normal to theneutron  diffraction techniques aE0.55306 nm, b

=0.55344 nmgc=2.49839 nn), and orthorhombic distortion
dpresent address: Department of Applied Physics and Materials Researc%lth space grOUpA.Zlam has been rev_ealéa.Wlth th.e
2,am orthorhombic symmetry, tha axis is the polar axis.

Center, The Hong Kong Polytechnic University, Hung Hom, Kowloon, : : )
Hong Kong; electronic mail: apxhzhu@polyu.edu.hk Atomic displacements along tteeaxis from the correspond-
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FIG. 1. (a) Crystal structure of SrBTa,0,, (b) perspective drawing of [ )
undistorted SrBiTa,0q from c/4 to 3c/4.
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ing positions in the parent tetragond#/mmm) structure ) o
cause ferroelectric spontaneous polarization. Displacement Bipolar switching cycles (N)
along theb andc axes, in contrast, are cancelled due to the
presence of glide and mirror planes, respectively, thus, the :
do not contribute the total polarizatidf.

Our previous measurements on ferroelectric properties

H i~ 315 H
of SBT films as a function of the amount of excess bismutH€utron powder diffractio’** From the observed image
indicate that the polarization-electric fiel@—E) hysteresis contrast, stacking defects are observed, which show signifi-

loop of the SBT film with 10 mol % excess Bi is the best, ascantly dark background, as marked by symbels< in Fig.
shown in Fig. 2. The related fatigue characteristic is illus-4- According to the strucutral data determined by x ray and
trated in Fig. 3. The good ferroelectric properties of the SgTneutron diffraction, and the distance between the cationic
films with 10 mol % excess Bi are closely correlated to itsPlanes, the stacking faults are considered to be extra Bi-O
microstructures, particularly the structural defects reveale®!anes, which are resulted from excess bismuth in the SBT
by HRTEM. Figure 4 shows a plane-view HRTEM image of films. In gener_al, repetition dls_tances of two, three, fou_r, or
the SBT film with 10 mol% excess Bi deposited on MOre perovskite A_B@ (A is divalent met_al ion and B is
PUTIO,/SIO,/Si substrate. The film is viewed along the Pentavalent metal igrblocks can be obtained between bis-
[110]-zone axis direction. The modulated structures of theNuth planes in the Bi-layered Aurivillius compound, this can
perovskite layers and bismuth oxide layers alongdhaxis

in SBT film are obviously observed. The-axis lattice
fringes are clearly resolved. The periodic fringes with a spac-
ing of 1.25 nm correspond to KD, layers. The lattice pa-
rameter of thec axis is measured to be 2.50 nm, which is in
good agreement with the structural data refined by x ray and

G. 3. Fatigue characteristics of the SBT film with 10 mol % excess bis-
uth.

25

b O +10% Bi (Y-1)
20F ® +30%Bi

i <A> +50% Bi

15 i +70% Bi

Polarization (uC/cm?)

Voltage (V)
FIG. 4. [110]-zone axis HRTEM image of the modulated structures of the
FIG. 2. P-E hysteresis loops of the SBT films with different amount of perovskite layers and bismuth oxide layers alongadlais in the SBT film
excess bismuth, in which the—E loop of SBT film with 10 mol % excess  with 10 mol % excess bismuth. The main distinguishing feature consists of
bismuth is the best. planar stacking defects with extra Bi—O planes normal toct&is.
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produce crystals of perfect translational symmetry and alstlRTEM. Strucutral stacking faults are observed as planar
incommensuratémodulated strucutres. Since the bismuth defects with extra Bi—O planes normal to theaxis. The
oxide planes have a net electrical charge, their positioning iexistence of such stacking faults is beneficial to improving
the lattice is self-regulated to compensate for space chargbe fatigue-resistance characteristics of the SBT films be-
near electrodes. Furthermore, bismuth oxide planes can weathuse the extra Bi—O planes have higher structural flexibility
minimize interlayer stress in layered compounds such aand can effectively alleviate the mechanical stresses and
high-T. superconductors because intergrowth superlatticstrains as well as injected-charge problems.

compounds have a unique ability to convert point defects . ,
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