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Epitaxially grown BiTi;0.; thin films on the MgQO(100} substrates was prepared by dipping-pyrolysis process using
metal naphthenates as starting materials. The films annealed at various temperatures were characterized hy X-
ray diffraction 8-28 scans and polefigure analysis (f scanning). Highly c-axiz oriented BiT1,0y; films were crys-
tallized by heat-treatment at 700° and 750°C from precursor films pyrolyzed at 500°C. The Xray pole-figure
analysis indicated that the Bi,Ti,0y; thin films have an epitaxial relationship with the MgO(100) subsirates.
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1. Introduction

n vecent yearg, many reseavchers hawve heen per-

formed to apply the ferroelectric thin films to dynamic
random access memory (DRAM) and nonvolatile memory
devices. The ferroelectric thin films in the memory ap-
plications must possess the following properties; large re-
manent polarization, low coercive field, low dielectric con-
stant and low leakage current density.

Among the many ferroelectric materials, BiuTi,0: BIT)
is one of the potential candidate materials to process fer-
roelectric thin films. BIT has a Curie temperature (T.) of
675°C and two polarization axes; the coercive field
values of 3.5 and 50 kV/em, and spontaneous polariza-
tion of 4.0 and 50 uC/em’ aleng the c- and a-axis, respec-
tively.” BIT thin films with c-axis orientation are ex-
pected to be suitable for low power memory devices ow-
ing to the small coercive field along the c-axis. It's lattice
parameters of 0.5448 nm and 0.5410 nm élong a- and b-
axis, respectively, provide a suitable lattice match for ep-
itaxial growth onto substrates such as SrTi0; (5TO),
LaAl(), (LAQ) and MgO single crystals. The refractive in-
dex of 8TO (n=2.39) is comparable to that of BIT, so it
is difficult to use this fitm for optical waveguide devices.
A subsgirate with a lower refractive index is more desir-
able. MgO has a refractive index of 1.74. However, it is
difficult to prepare highly oriented BIT on Mg0O because
the lattice mismatch between BIT and MgO is rather
large, i.e., about 9%.

Recently, a variety of processing techniques including
metalorganic chemical vaper deposition {MOCVD)®
ptilsed laser depesition {PLD)*" and molecular beam ep-
itaxy (MBE}® have heen attempted to fabricate the high-
ly c-axis oriented BIT thin films.

A wet chemieal processes such as sol-gel”™ and dipping-
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pyrolysis (DP) process™” have been successfully used to
prepared c-axis oriented BIT films. Until now, however,
there has been little information such as in-plane align-
ment and determination of d-value (4.} parallel to the
substrate surface on the high quality epitaxial BIT thin
films prepared by the chemical solution process.

In this paper, epitaxial BIT thin films were grown on
MgO(100) substrates by DP process, and the effects of an-
nealing temperature on crystallinity and epitaxy of the
films were investigated.

II. Experimental

To prepare the homogeneous coating solution, the
commercially available constituent metal naphthenates
of Bi and Ti were mixed and diluted with toluene ta ad-
Just the concentration {118.4 mpg metal/ml coating solu-
tion). The solution was spin-coated onto the cleaned
MgO(100) substrates at 4000 rpm for 10 zeconds. The
coated films were directly pyrolyzed at 500°C for 10
minutes in air and subsequently annealed at 600°~800°C
for 30 minutes in air hy directly inserting the samples
into a preheated furnace, followed by rapid cooling.

The thickness of the annealed films was confirmed to
be ~0.15 um by scanning electron microscope (SEM). Cry-
stallinity and in-plane alignment of the films were ex-
amined by X-ray diffraction (XRD) 8-29 scans and X-ray
pole-figure analysis (B scanning) using CuKo radiation
with graphite bent-crystal monochrometor

IT1, Results and Discussion

Fig. 1 shows the XRD 0-26 scans of the BIT thin films
annealed at various temperatures, Crystallinity of the
films strongly depends on the annealing temperature.
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Fig. 1. XRD 08-26 scans of BIT thin films grown on MgQ(100) and annealed at various temperatures for 30 mimites.

The films started to crystallize by annealing at 600°C.

With increasing the annealing temperature, BIT peaks
became stronger, and the film annealed at 750°C ex-
hibited the highest X-ray peak intensities. On the con-
trary, peak intensities of the film annealed at 800°C was
rather weaker than those of the films annealed at 700°
and 750°C.. Francombe" suggested that the titanium-rich
leads to the formation of Bi;Ti0,, at higher tem-
peratures Thus, we asgume that epitaxial growth may
be suppressed by titanium-rich phase owing to the Bi vo-
latilization during annealing at 800°C, resulting in lower
peak intensity of BIT. In all the films, only BIT(00])
peaks were ohserved. Peaks attributed to the impurity
phases and those corresponding to other BIT(hkI) planes
were hardly observed beyond the noise level. The result
of XRD 6-20 scans confirms that the BIT film is strongly
c-axis oriented.

The in-plane alignment of the BIT films was investi-
gated by X-ray pole-figure analysis. Fig. 2 illustrates the
line profiles of B seans for which the o angles was fixed
at 40". As clearly seen in Fig. 2, the B scans of the films
annealed at 700° and 750°C exhibited four sharp peaks,
On the other hand, the intensity of the film annealed at
800°C wag lower. These results of [ scans agree with
those of 6-28 seans in Fig. 1. It is noted that the max-
imum annealing temperature of BIT films to obtain high-
Iy oriented BIT in our work is 750°C.

Fig. 3 shows the X-ray pole-figure of the BIT films an-
nealed at 650°~800°C. After setting at 20=30.05," which
corresponds to BIT(117) reflection, each film was rotated
from B=0" to 360° at tilted angles between =30" and 60°,
As clearly seen in Fig. 3, the films annealed at 700" and
750°C showed four sharp spots, whereas no distinct spots
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Fig. 2. Line profiles of p gcans of BIT(117) reflection.

or rings were observed in the films annealed at 650° and
800°C. The BIT films with four sharp sopts have grown
epitaxially with c-axis orientation perpendicular to the
substrate surface.

Using the MgO(200) peak as an internal calibration
standard, the lattice constant (¢) perpendicular to the
substrate surface was characterized as 3.291 nm, 3.293
nm, 3.298 nm and 3.285 nm for the films annealed at
650, 700, 750 and 800°C, respectively. The laittice con-
stants of the epitaxial films annealed at 700" and 750°C
are longer than the value of bulk crystal (3.281 nm), pos-
sibly due to the compressive stress effect in the a- and 5-
axis from the lattice misfit between the BIT film and
Mg(Q substrate (a,=0.4213 nm, ICDD File 45-0946). On
the contrary, d-value (d,) of the polycrystalline BIT film
annealed at 800°C is closer to ¢ of bulk crystal than



March, 1998

a) 650°C

N

270

9
me—s 48° }
50

90T—-rs—a— i te

i
G

\_I_//
180
Fig. 3. X-ray pole-figures of BIT(117) reflection.

those of the epitaxial films. Since the film annealed at
BOYC is polyerystalline, the ¢,-valne is assumed not to
be affected by the MgO substrate.

Morphological characterization was carried out hy
SEM. Surface morphology of the epitaxial BIT film an-
nealed at 750°C is shown in Fig. 4, Generally, the pores
and cracks easily recognized in the films prepared by
chemical solution methods such as sol-gel and DP pro-

Fig. 4. SEM micrograph of the free surface of the epitaxial
BIT thin film annealed at 750°C.
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b) 700°C

cess. However, the surface of the film annegaled at 750°C
was very flat and smooth; distinet grain houndaries, usu-
ally accompanying the typical polyerystalline texture,
were not recognized. It was difficult to resolve any in-
dividual grains alse in other films annealed at different
temperature.

Congequently, in our work, the annealing temperature
to obtain a high crystallinity and epitaxy of the BIT film
with smooth surface was 750°C.

It should be noted that several reports on the pre-
paration of "highly oriented” BIT thin films by chemical
solution method such as sol-gel and DP process have
been published.™ On those reports, hawever, the align-
ment of the films was discussed only based on the d-
values determined from XRD 8-28 scans. In our results,
the epitaxial relationship hetween the BIT film and
MgO subsirate was clearly confirmed by XRD pole-figure
analysis

Further work is required to analyze the d, value of the
films by reciprocal-space mapping.

IV. Conclusion
Epitaxially grown BIT thin films on the Mg({100) sub-

strates was prepared by DP process using metal na-
phthenates as starting materials. Highly c-axis oriented
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BIT films were obtained by pyrolyzing the spin-coated
films at 500°C and subsequently annealing at 700° or
750°C. The X-ray polefigure analysis indicated that the
BIT thin films annealed at 700" and 750°C have an ep-
itaxial relationship with the MgO(100) substrates, while
the polyerystalline character was ohserved in the film an-
nealed at 800°C.
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