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BaBi ,Ti,O5 ferroelectric thin films grown by pulsed laser deposition
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BaBi,Ti,O;5 (BBIiT) is an n=4 member of the Bi-layer-structured ferroelectric oxide family
(Aurivillius phase$. BBIT thin films with preferred orientations have been grown on epitaxial
conducting LaNiQ electrodes or{001) SrTiO; by pulsed laser deposition. Cross-section electron
microscopy analysis reveals that the films consisteéxis oriented regions and mixeg- and
c-axis oriented regions. The mixey- andc;-axis oriented regions show high surface roughness
due to the rectangular crystallites protruding out of the surface, whereagdes oriented regions
show a smooth surface morphology. In the mixgdand c;-axis oriented regions, the BBIT films
exhibit saturated ferroelectric hysteresis loops with remnant polariz&joof 2 uC/cn? and
coercive fieldE, of 60 kv/cm and no polarization fatigue up to®6ycles. The regions having
ci-axis orientation with a smooth surface morphology exhibit a lifeaE curve. The results show
that the ferroelectric properties of a planar capacitor consisting of BBiT depend on the crystalline
orientation of the film. ©1999 American Institute of Physid$S0003-695(99)01204-§

Ferroelectric materials have innumerable properties referroelectric properties ot-oriented BjTizO;, (BiT) thin
lated to their spontaneous polarization, for instance, pyrofilms on oxide electrodes have been reported as ells
and piezoelectricity, which are used for various sensors andesirable to explore the ferroelectric properties of well-
actuators. The use of ferroelectric thin films brings not only oriented thin films of the higher membens>3) of the Bi-
the additional advantage of reduced weight and size, but iayer-structured ferroelectric oxide family. In this letter we
allows the fabrication ointegrateddevices which involve report on the orientation-dependent ferroelectric properties of
switching of the polarization between the two thermody-strongly oriented BBIT thin films on conducting epitaxial
namically stable states. The development of sophisticatedaNiO; (LNO) electrodes grown by pulsed laser deposition
film-synthesis methods providing high-quality films, together(PLD). Epitaxial LNO thin films serving as an oxide elec-
with presently existing efforts to find new or alternative so-trode for BLVOs s (n=1) have been reported earliér.
lutions for computer memories, makes ferroelectric nonvola-  BBiT and LNO films were grown by PLD employing a
tile memories very attractive Simple perovskite ferroelec- KrF excimer laser X =248 nm). These films were deposited
tric films (such as PZY on platinized silicon substrates at a laser repetition rate of 5 Hz with a laser pulse energy
exhibit high polarization fatigud.This problem could be density of 2 J/crhon single-crystalling100) SrTiO; (STO)
overcome to some extent by replacing the Pt electrodes witbubstrates. Epitaxial LNO electrodes with nominal thickness
conducting oxide electrodésor by replacing PZT with Bi-  of 100 nm were grown at a substrate temperature of 825 °C
based layer-structured ferroelectric oxides, which are knowin an oxygen ambient of 300 mTorr. The details of PLD of
to be free of polarization fatigue up to ¥Ocycles of  epitaxial LNO thin films and their properties have been de-
polarization>® These Bi-based layer-structured ferroelectricscribed elsewhert: 400 nm thick BBIiT films were depos-
oxides belong to the Aurivillius family and can be describedited in situ onto the LNO electrode layer at a substrate tem-
by the general formula (BO,) " *(A,-1B,Osn+1)” . The  perature of 800 °C in an oxygen ambient of 100 mTorr. After
high fatigue resistance of these oxides seems to be due {fe BBIT film deposition, the samples were cooled to room
their crystal structure, whene perovskite-like oxygen octa- temperature in 1 Torr of oxygen. The structure of the films
hedra are sandwiched betweenBj) " * layers. was studied by x-ray diffractiotusing Philips X’Pert MRD

BaBi;Ti4O;5 (BBIiT) is a member of the Aurivilius and cross-section transmission electron microscopy
phases with A=(Ba, Bi), B=Ti andn=4. The crystal struc- (XTEM). The film morphology was probed by scanning
ture of BBIiT can be described by an orthorhombic or agjectron microscopy(SEM) and atomic force microscopy
pseudotetragonal unit cell. In this letter a pseudotetragonqh,:M)_ Ferroelectric measurements were carried out on
unit cell is used and it is indicated by the subscript*The  these planar capacitor structures employing a RT66A ferro-
tetragonal lattice parameters of BBIT aag=3.86 A andc, electric tester and mercury probe.
=41.8A. The anisotropy in the dielectric properties of BBIT thin films grown on(100) oriented epitaxial LNO
single-crystalline BaBili,O,5 (BBIiT) and the optical prop-  glectrodes on STO single-crystal substrates show mainly
erties ofci-axis oriented films of SrBWi,O,5 (SBIT), both g iented growth. X-ray diffractiof’XRD) ¢—26 scans(not
beingn=4 members of the Bi-based layer-structured ferro-gp,qg\wn herg show (00), peaks of BBIiT and a weak (110)
electric oxide family, have recently been reporfédThe BBIT peak at @ of 32.8°. In Fig. 1, the x-ray pole figure for
the (109) peak of BBIT is given. The pole figure shows a set
dElectronic mail: satya@mpi-halle.mpg.de (four peaks of high-intensity peaks a¥ =50.2° correspond-
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FIG. 1. X-ray pole figure of a BBIT film performed with tHe.09}, peaks

(20=30.0°). The high-intensity peaks€&50.2°) correspond to the \j M
c.-oriented grains and the low-intensity peaks<39.8°) to thea,-oriented
grains. The very low-intensitysplit) peaks ¢y=57.0°) originate from the

(110)-oriented crystallites. The vertical scale is the square root of the mea-
sured intensity.
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ing to BBIT (001), a set of peaks of moderate intensity at  (b) oM

¥ =39.8° corresponding to (10Q) and a set of very low-

intensity peaks at =57.0° corresponding to (11Q) The  FIG. 2. (a) Scanning electron micrograph of a BBIT film showing rectan-
pole figure analysis clearly demonstrates that the BBIT filmgular crystallites on the surfacés) AFM topographic line profile of a BBIT
contains mainly (OOL)and (100) oriented grains More de- film with rectangular crystallites protruding out of the surface.

tailed XRD texture analysis shows that (0pi9 parallel to

(001) STO in the case af;-oriented crystallites and (1005 the cross-section imag@ in Fig. 3). The upper sublayer
parallel to (001) STO for thea-oriented crystallites. The mainly consists ofa,-axis oriented graingFig. 3) and very
details of these measurements will be provided elsewhergeyy c,-axis oriented grains. The regions wihaxis oriented
The lattice parameter, calculated from x-ray diffraction is grains(B and C in Fig. 3 possess a high surface roughness,
41.7 A and is comparable to the reported bulk vdlue. whereas the,-axis oriented grains show a smooth flat sur-
The SEM images show more or less rectangular-shapeghce (A in Fig. 3). The c-axis oriented grains are easily
crystallites on the surface of the film in some regi¢R&®.  dentified by their (001)fringes running parallel to the sub-
2(a)], whereas other regions show a smooth surface morphoktrate surface. In the,-axis oriented grains fringes perpen-
ogy. The rectangular-shaped crystallites are arranged withjcular to the substrate surface are observed in regicfid3

the long axis along two mutually perpendicular orientations3). The fringes in the,-axis oriented crystallites in region C
on the substrate plane. The surface morphology was also

examined by atomic force microscopy. The AFM images
show a surface morphology similar to that observed in SEM.
Figure 2b) shows a topographic line scan of an AFM image
taken in a region where SEM revealed the presence of
rectangular-shaped crystallites. The AFM line scan shows
that the crystallites are protruding out of the smooth back-
ground. The AFM images of the regions without the
rectangular-shaped crystallites showed highly smooth sur-
face morphology with a root-mean-squafems) surface
roughness of 2.5 nm over a X®.5um? area.

TEM cross-section images and corresponding selected
area diffraction(SAD) patterns were taken from those re-
gions where a high density of rectangular-shaped crystallites
were observed by SEM and AFM. The XTEM images
showed that the electrode layer thickness is about 150 nm
and the BBIT film has a thickness of about 400 nm. TheF!G- 3. TEM cross-section image of a BBIT fim in the region where

R . rectangular-shaped crystallites were found. The image shows,thgis
BBIT film consists of two SUbIayerS‘ The lower SUblayker oriented grains (A,A) and also thea;-axis oriented graingB and Q. The

cated directly on the LNO electrofleonsists ofc;-axis ori-  inset displays a selected area diffraction pattern corresponding tochoth

ented grains as indicated by the (Opth)tice fringes seen in  anda,-axis oriented grains.
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T T axis'? Spontaneous polarization has indeed been reported for
c-axis oriented BiT (= 3) films® On the other hand, Desu
et al® reported an orientation dependence of the ferroelec-
tric properties of SrBiTa,0q (SBT) (n=2) thin films grown
on Pt electrodes; they observed a decrease in the polarization
2r | and coercive field values with an increase in the degree of
I ] ci-axis orientation. Recently, artificial superlattices with the
¢; axis normal to the substrate of Bi-based ferroelectric ox-
1 ides with n=1-3 perovskite layers sandwiched between
2r Bi,O, layers were grown by Tabati al1* and they reported
ferroelectric hystersis loops far=1 or 3, whereas superlat-
tices withn=2 showed a lineaP—E curve. Based upon the
above considerations, it seems that the ferroelectric hyster-
L L esis loops obtained in our BBIT films are solely due to
45 10 -5 0 5 10 15 a;-axis oriented crystallites as we do not observe any ferro-
Applied Bias (V) electric hysteresis loop in the-axis oriented region of the
films. It is, therefore, of technological importance to graw
FIG. 4._Ferroelectric hysteresis loop of a film region hawangwis oriented - h_5xis oriented epitaxial films of BBIT.
crystalites on the surface. In conclusion, preferentially oriented BBIT thin films
) - _ have been grown or{100)-oriented epitaxial LNO elec-
(Fig. 3 are not visible because f, planes are in the plane oges. Saturated ferroelectric hysteresis loops Witrof 2
of the figur_e. The inset of Fig. 3 dis_plays a SAD pattern ,c/cn? and E, of 60 kV/cm have been obtained for the
corresponding to both;- andci-axis oriented grains. From yegions witha,-oriented crystallites, whereas perfegtaxis
the XTEM results it is inferred that the grains protruding outgriented regions exhibit line®—E curves. The results show
of the surface are-oriented grains whereas the smooth sur-ihat the macroscopic ferroelectric properties of these layer-

face regions are, oriented. _ structured oxide thin films strongly depend on the crystalline
Ferroelectric hysteresis measurements were carried Ofientation of the films.
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