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Abstract

Ferroelectric BisTisOpz thin films have been grown on LaAlQOs(001) by pulsed-laser deposition. Phase
formation and structural properties of the films prepared at various deposition temperatures are investigated
using x-ray diffraction. The film grown at 740C shows epitaxial growth behavior with c-axis normal to the
substrate. Heterostructures of BigTi301/YBaxCusOr/LaAlOz(001) have been in-situ grown. Even though the
a-and b-axes of the YBaxCusOr-« layer show epitaxial growth behavior,

1. Introduction BTO is a promising material for a ferroelectric field

effect transistor gate, since it has the low coercive

Ferroelectric Bi{TiOp(BTO) thin films have been  field along the c-axis® BTO s also a good candidate
recently synthesized by pulsed-laser deposition. ¥  material for electro-optic (EO) waveguide devices,
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since it has a high BO coefficient.” In order to obtain
a film whose BO coefficient is close to the single
crystal value, it is highly desirable to grow the film
epitaxially.

To control the physical properties of the BTO film
with an external electric field, various materials have

been investigated as a proper electrode. Platinum is

a frequently used electrode material by many
WOI'kerSS), but most films grown on platinum are
polycrystalline and susceptible to the problems
related to  granularityy. High  temperature
superconductors such as YBaCusOrx (YBCO) have
been studied as electrode materials for various
ferroelectric oxide films, since they provide chemical
compatibility and epitaxial growth relationship”

In this study, both BTO thin films and a
BTO/YBCO/LaAlOs(001) heterostructure are grown
with the pulsed-laser deposition technique. BTO thin
films are grown at various substrate tetnperatures.
Even though it is possible to grow the highly
oriented BTO films in a relatively wide temperature
region, a deposition temperature near 740C is found
to be more desirable. With similar deposition
parameters, a BTO/YBCO/LaAlO;  structure is
grown, Crystal growth behaviors in the BTO thin
films and the heterostructure are investigated
thoroughly using x-ray techniques. '

2. Experiments
Figure 1 shows a schematic diagram of our

pulsed-laser deposition system. A visible laser, ie,
second harmonics of a Q-switched Nd'YAG laser, is

used in this study. The laser pulse width is 6~7 ns

and the repetition rate is 10 Hz. To avoid
texturization of a target swrface and get a
homogeneous film, position of the beam on the
target is changed continuously during deposition by
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moving a focusing lens. Stoichiometric BTO and
YBCO pellets are mounted on a target holder, which
can mount up to four targets simultaneously, Using
this target holder, it is possible to deposit in-situ
BTO and YBCO layers for the heterostructure,
Single crystalline LaAlOs(001) substrates are
carefully prepared with the following procedures:
ultrasonic cleaning in an acetone bath for 5 minutes,
rinsing in an ethanol bath, and drying with flowing
No gas. The cleaned substrates are attached with -
silver paint on a substrate holder which can be
heated up to 80T using cartridge heaters. The
substrate temperature during deposition is measured
by two pairs of thermocouples (K-type
Chromel-Alumel) imbedded in the substrate holder.
Details of the deposition conditions for BTO films
are given in the second colummn of Table I A wide
range of the substrate temperature between 640C
and 780C is used to investigate effects of the
deposition temperature on structural properties of the
thin films, During the deposition, oxygen pressure of
200 mtorr is maintained by adjusting the oxygen
flow rate using feedback signals from a capacitance
manometer. Just after deposition, the chamber is
rapidly brought up to 500 torr of oxygen, and the
this film is in-situ annealed at 500C for 30 minutes.
Deposition conditions for a BTO/YBCO/LaAlOs
heterostructure are similar to those for the BTO
films, as shown in the third and fourth colurms of
Table 1. YBCO layer is first deposited on a
LaAl0(001) substrate at 760C under 200 mtorr of
oxygen. Subsequently, the substrate temperature is
lowered to 740C and the BTO film is in-situ
deposited. Then the chamber is rapidly brought up
to 500 torr of oxygen, and the heterostructure is
annealed at 500C for 30 minutes.
Structural properties of the thin films are
characterized by x-ray diffraction(XRD) techniques,
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Fig. 1 A schematic diagram of our pulsed-laser deposition system
Table 1. Deposition conditions for BTO thin films and a BTO/YBCO/LaAlOs heterostructure.
BTO/YBOO/LaAIO;
BTO films (YBOO layer) heterostructure (BTO film)
Deposition temperature 640~730C 760C 740C
Laser fluence 15~ 2 Vend 2 Vent 15~2 J/ent
Oxygen pressure 200 motorr 200 motorr 200 motorr
Annealing condition 500C and 500 torr of oxygen for 30 minutes
Typical thickness 000A 1000A F00A
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including 6-28 scan, rocking curve, and x-ray pole
figure measurements. Surface morphology  and
roughness are examined with the atomic force
microscopy(AFM).

3. Results and Discussions

Figure 2 shows XRD pattems of the
BTO/LaAlOx(001) films deposited at various
temperatures between 640C and 780C. The CuKa
line is used as an x-ray beam source. As shown in
Fig. 2(a), the film deposited at 780C has strong
(008) peaks of the perovskite BTO phase. (220) and
(642) reflections of Bi-deficient Bi;Tix0; phase
appear near the (004) and (0012) peaks of the BTO,
respectively. Figures 2(b) and 2(c) show the XRD
data for the films deposited at 740C and 700C,
respectively. These films show only (00£) reflections
of the BTO phase. As shown in Figs. 2(d) and 2(e),
the films grown below 700C have (00£) peaks of
BTO phase. The (222) and (662) reflections of
Bi;Ti27 phase appear near the (006) and (0014)
peaks of BTO, respectively. Therefore, the deposition
temperature between 700C and 740C is required to
grow the BTO films sithout the secondary phase
problem. Film grown at this temperature range is
composed of grains whose c-axis is normal to the
substrate, :

The crystallinity of highly c-axis orented BTO
films was examined by x-ray rocking-curve
measwrements. The (008) reflection of the films
grown at 700C and 740C was chosen since the
peak intensity is so high.[Refer to Fig. 2. The full
width at half maximum (FWHM) for the (008)
reflection of the film deposited at 740C is smaller
than 03" . On the other hand, the FWHM for the
film grown at 700C is about 1° . Therefore, the
thin film grown at 740C is more highly c-axis

=2R 3=

oriented than that grown at 700°C.

The lateral registry between the crystal axes of the
deposited film and the in-plane vectors of the
substrate can be obtained from x-ray pole figure
measurement using a four circle x-ray goniometer,
The Schultz geometryl Y is used in this measurement,
The ¢ and 8 rotations are coupled so that a 360°
rotation of 8 corresponds to a 2° increase in «
(The 6-26 scan corresponds to the case of @=90" ).
A pole figure in Fig. 3(a) shows (117) reflections of
BTO grains for a film on LaAlOs(001). The peaks are
located at A=0", 90", 180", and 270" with a=40".
Since these A positions correspond to the [100]
directions of LaAlQs, the (110) plane of BTO is parallel
to the (100) plane of LaAlOs. Therefore, the BTO films
grown on LaAlOx(001) have an epitaxial growth
behavior.
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Fig. 2 X-ray diffraction patterns of the BTO thin films on LaAIO:(001)
deposited at (a) 640T, (b) 670TC, (c) 700C, (d) 740C, and
(e) T80C. The character 's’ indicates peaks of LaAlO;.
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Fig.-3 X-ray pole figures of (a) a BTO/LaAlO(001) thin film and (b) a; BTO/YBCO/LaAIOx(001) heterostructure.
The pole in Fig. 3(a) represents (117) reflections of BTO grains. In Fig. 3 (b); the poles of BTO(117) and

YBOO(102) reflections are plotted.

For the BTO/YBOO/LaAlOs heterostructure, a6
-26 scan shows that both BTO and YBCO grains
are c-axes orented A pole figwe of the
heterostructure is shown in Fig. 3(b). Poles in the
figure are (102) reflections of the YBCO grains and
(117) reflections of the BTO grains. The YBCO(102)
reflections show strong peaks at £=0" , 90" , 180" ,
and 270° and weak peaks at A =45 , 135" |, 225",
and 315" , with =38 . The ratio between the
intensities of these two kinds of peaks is about 10:1.
This result indicates that the (100) planes of most
YBCO grains are parallel to the (110) planes of
LaAlOs. The(117) reflections of the BTO film show
peaks only at 8 =0°, 90", 180" , and 270° with
a=40" . Even though the a-and b-axes of the
YBCO layer are not perfectly aligned, the BTO grains
show epitaxy-like growth behavior such that the
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(110) planes of BTO are parallel to the (100) planes of
the LaAlOs substrate.

The grain growth behavior in the heterostructure
can be understood in terms of lattice matching, [The
YBCO grains whose (100) planes paralled to the
LaAlOs(110) ‘planes are not considered here] Lattice
constants of’; LaAlQO;, YBCO, and BTO are shown in
Table 0. Between room temperature and 675C, ie,
the ferroelectric Curie temperature of BTO, the
a-and b-lattice constants of LaAlO; and YBOO are
nearly the square roots of those of BTO. Figure 4
illustrates a;model of grain growth behavior for the
BTO/YBCO/LaAIOs heterostructure. The (001) planes
of each layer are parallel to each other, ie,
BTO(001)/YBCO(001)/LaAlOx(001). - On the other
hand, the (100) planes of most YBCO grains are
parallel to the LaAlOs(100) planes, and the (110)
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Table 0. Lattice constants of LaAlQs, YBOO, and BTO.

[Reference 14]
Crvstal s Lattice constants Lattice constants
WStEl STUCe L aC(A) at 67T (A
LaAIOz cubic a=3.79 a=381
a=38 a=38
YBCO orthorhombic b=389 b=392
c=1168 c=11.87
a=bdl a=545
monoclinic
BTO . b=5.45 b=5.45
(peudo-orthorbombic) g =B17

planes of all BTO grains are parallel to LaAlOs(100)

planes. :
Surface morphology and roughness of the films

are investigated with an AFM. An AFM image of

* the BTO film grown at 740C is shown in Fig. 5(a).

* 655°C is the ferroelectric Curie temperature of BTO.
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The typical size of the BTO grains is about 1500 A.
Surface morphology of the BTO/YBCO/LaAlO;
heterostructure is shown in Fig. 5(b). This pictue
shows houlders on the surface of the heterostructure,
which are typical surface irregularities found on
most pulsed-laser deposited films™® The average

Fig. 4 Surface atomic arangements of the BTO/YBOO/LaAlOs (001) heterostructure. The open circles in the figure represent

oxygen atoms of the materials.
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Fig. 5 AFM micrographs of (a) a BTO/LaAlO;(001) thin film
and (b) a BTO/YBCO/LaAlOs(001) heterostructure.

size of the boulders is about 5000A. The surface of
the heterostructure are rougher than that of the
BTO film The surface morphology of laser-ablated
YBOO/LaAIO/001) was reported elsewhere!® The
rough surface might come from the insertion of the
YBCO layer into the heterostructure. Therefore, the
surface morphology of the BTO film in the
heterostructure could be improved by growing a
smooth YBCO layer on the substrate.

4. Conclusion

BTO thin fims are grown on LaAlO;(001)
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substrates by pulsed-laser deposition. The. film
deposited at 740C shows an epitaxial growth
behavior with its c-axis normal to the substrate.
BTO/YBCO/LaAlO; heterostructure is in-situ grown.
It is found that the BTO grains grown on top of
the YBCO layer show an epitaxy-like growth
behavior even though the a-and b-axes of the
YBCO layer are not perfectly aligned to those of
LaAlOs. Therefore, by pulsed-laser deposition it is
possible to grow epitaxial BTO thin film on
LaAlOs(001) and YBCO/LaAlOs(001).
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