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The crystallographic orientations of Ba,Sr, TiO, (BST) thin film deposited by a metal-organic chemical vapor
deposition on (111) textured Pt electrode were studied with a transmission electron wmicroscopy. The fully erys-
tallized BST thin film (50 nm) has (100) and (110) preferred orientations. A high resolution transmission elec-
tron microscopy study has yevealed the crystallographic orientation relationships between BST thin film and Pt
clectrode. These relationships explained the preferred orientation of BST film on (111) textured Pt electrode.
With these results, we could represent the atomic arrangement at the BST/Pt interface.

Key words: (Ba,5r)Ti0,, Transmission electron microscopy (TEM), Crystallographic orientation

I, Introduction

ecently (Ba,Sr)TiO, (BST) thin films have received
R great attentions as dielectric materials for Giga-bit
dynamic random access memory (DRAM) capacitor because
of their high dielectric character of BaTiO, and structural
endurance of 8rTiO,. As the BST is a paraelectric material
at room temperature, it has no fatigue effect of ferroelec-
tri¢s. There are many methods of depositing BST thin film
metallo-organic  decomposition (MOD),"”  sputtering,®”
metal-organic chemical vapor deposition (MOCVD),*™ laser
ablation,” and so on. Among the various deposition meth-
ods, MOCVD is a desirable process because of its potential
advantages such as the step coverage, high quality, and
amenability to large scale processing.

In many difficulties of BST/Pt capacitor, one is the electri-
cal degradation because of an amorphous layer at BST/Pt
interface.” As a dielectric layer is thinner, an amorphous
layer of the interface has worse effect, In addition, the vari-
ous growth behaviors of dielectric films, such as random,
textured, or epitaxial, greatly influence their electrical prop-
erties.

In order to understand the growth behavior of BST thin
film, it is needed to understand the crystallographic orienta-
tion relationships of BST grains on Pt electrode. There have
been some reports about interfacial properties and the crys-
tal orientations between BST and different oxide elee-
trodes ™ However, there are few reports regarding
crystallographic orientation relationships of BST/Pt inter-
face prepared by MOCVD. In this work, we have studied
crystallographic orientations of cubie Ba, Sr,,TiO, film
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deposited by MOCVD an (111) textured Pt electrode with a
transmission electron microscope (TEM) and showed the
desirable atomic arrangement model at BST/Pt interface.

I1. Experimental Procedure

Ba, Sr,,TiO, thin film was prepared by a MOCVD.
Ba(TMHD),, Sr(TMHD), and Ti-isopropoxide (TIP) were
each used as Ba, Sr and Ti sources. NH, gas was used for
carrier gas of Ba and Sr sources and Ar gas was used for Ti
sowree.

Ti source was flowed for 30 min and Ba, Sr sources were
preheated for 30 min to obtain uniform composition to verti-
cal direction of substrate. A deposited thin film (50 nm) was
fast annealed and cooled at RTA at 650°C for 5 min. Pt elec-
trode of ahout 100 nm was prepared on 5i0,/5i substrate by
rf-sputtering.

The orientations of BST film were analyzed by X-ray dif-
fraction (XRD) (Rigaku- D/MAX-ITIC). For TEM observa-
tions, cross-zectional specimen was polished about scores of
micrometers with mechanical polisher. Then the specimen
was lon-milled (GATAN Duomilling) with conditions of 5 kV
and 0.6 mA by Ar gas. During ion-milling process, specimen
was rotated with sector speed of 60° to minimize the sput-
tered rate difference between BST and Pt at liquid nitrogen
cold trap.

Plane-view specimen was polished about hundreds of
micrometers by mechanical polisher and chemically etched.
The specimen was ion-milled at low angle (<8°) by Ar gas.
Each sample was observed for a high resolution image, a
bright field image and a selected area electron diffraction
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(SAED) pattern with a TEM (JEOL JEM-2000EX) at 200
kV.

IIL. Results and Discussion

Fig. 1 shows XRD pattern of BST thin film. Pt has (111)
preferred orientation on $i0,/Si substrate and BST film has
a strong intensity at (110) and (200) planes. As the intensity
of BST (111) plane is overlapped with that of Pt (111) plane,
the BST (111) peak looks like having a strong intensity.
However, in fact, the intensity of BST (111) plane is very
weak. From a bright field image, the BST film has columnar
structure on the Pt electrode. XRD result shows that BST
film has the preferred orientation of (110) and (100) planes
on (111) textured Pt electrode.

Fig. 2 shows a selected area electron diffraction (SAED)
pattern of cross-sectional BST film, where BST (110) and
(200) planes are parallel with Pt (111) plane. These are well
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Fig. 1. XRD profile of BST/Pt/S10,/5i.
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Fig. 2. Cross-sectional selected area electron diffraction
pattern of BST/Pt.
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matched with the XRD result. As no amorphous ring pat-
tern exists in SAED pattern, BST film has been fully crys-
tallized.

Fig. 3 shows SAED pattern of plane-view BST films,
where diffracted spots of BST (110) and (200) planes have
the same direction and strong intensity. This indicates that
the BST (110) and (200) grains have the orientation rela-
tionships on (111) textured Pt electrode. In order to find
these relationships, we studied the possible crystallographic
orientation between BST and Pt.

Fig. 4 shows a schematic representation of erystal planes
and atomic distances for BST and Pt. In view of atomic
arrangement and distance, the BST (111) plane is very well
matehed with the Pt (111) plane. However, in spite of good
lattice match and atomic arrangement with the Pt (111)
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Fig. 3. Plane-view selected area electron diffraction pattern
of BST.
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Fig. 4. Atomic distance and direction of BST and Pt planes.
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Fig. 5. High resolution TEM micrograph showing the bound-
ary of BST (110) and (100) grains.

(a)

Fig. 6. High resolution TEM micrograph of (a) BST/Pt inter-
face, (b) BST (100) grain in region A and (¢) BST
(110) grain in region B.

plane, the BST (111) plane must have independent Ti"" ion
when the BST film is deposited with (111) plane. However,
oxygen atmosphere is a necessity in deposition condition. As
Ti™ ion is less stable than Ti-oxide, such as TiO, in view of a
thermodynamic free energy, this prevents the BST film
from being crystallized with (111) plane.’"'® BST [110]
direction in BST (110) plane is well matched with Pt [11 0]
in Pt (111) plane and the lattice mismatch is 0.88%. There-
fore, when BST (110) plane is crystallized on Pt (111) plane,
BST [11 0] direction will be parallel with Pt [11 0] direction.
Considered the crystallographic orientation relationships
referred above, BST (110) planes are crystallized not with
random orientations, but with BST [110] | | Pt [110] and
BST [001] || Pt [112] relationships on (111) textured Pt
electrode. Because BST (200) spots as well as BST (110)
spots are parallel with Pt (111) plane in SAED pattern, it is
needed to investigate orientation relationships between
BST (200) plane and Pt (111) plane. In Fig. 4, BST [110]
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direction of BST (100) plane is well matched with Pt [110]
direction in view of lattice matching relation. However, if
the [110] direction of (200) planes are parallel with Pt
[11 0] direction on (111) textured Pt electrode, it is impossi-
ble for BST (1104 gy @0 (200);500, s SPOLS to have the
same direction in the plane-view SAED pattern. Therefore
in order to explain this result, a high resolution TEM study
was carried out.

Fig. 5 shows a high resolution image of BST film. The left
region of image shows BST (110) lattice image and the right
region of image shows BST (200) lattice image. This lattice
image shows that 5 lines of BST (110) plane are matched
with 7 lines of BST (200) plane at the boundary of BST (110)
and (100) grains.

Fig. 6(a) is a high resolution image which shows BST
{110) grain and BST (100) grain on (111) Pt electrode. In
region A, BST (200) planes are parallel with Pt (111) plane
and in region B, BST (110) planes are parallel with Pt (111)
plane. Fig. 6(b) shows lattice image of BST (100) grain on
(111) textured Pt electrode in region A. Fig. 6(c) shows lat-
tice image of BST (110) grain on (111) textured Pt electrode
in region B.

From these high resolution images, we can find orienta-
tion relationships which are [010]y0) saza | | (110 110) grain
and (100)yy, grare | | (110)110; g @6 the boundary of BST
(110) and BST (100) grains. These relationships are well
consistent with SAED patterns.

From the relationships of BST (110) and (100) grains, we
can find relationships of BST (100) and Pt (111) plane which
are BST [010] || Pt [110] and BST (100) || Pt (111).
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Fig. 7. Schematic representation of atomic arrangements of

(a) plane-view BST and (b) cross-sectional BST/Pt
interface.
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Although [010] direction of BST (100) plane has a relatively
large mismatch with [11 0] direction of Pt (111) plane, BST
(100) grains can be grown with the orientation relationship
of BST (110) grains on (111) textured Pt electrode. There-
fore the orientations of BST (100) grains were more affected
by the orientations of BST (110) grains than those of (111)
textured Pt electrode.

Fig. 7 shows schematic atomic arrangements of BST (110)
and (100) grains on Pt (111) plane. Fig. 7(a) is the represen-
tation of plane-view direction. This shows that BST (110)
and (100) grains can be grown with gharing the same atoms
to the [001] direction. Fig. 7(b) is the cross-sectional repre-
sentation of BST (110) and (100) grains on (111) textured Pt
electrode. In Fig. 7(b), a box region with dotted lines shows
that 5 lines of BST (110) plane are matched with 7 lines of
BST (200) plane. This is well consistent with the high reso-
lution image in Fig, 5.

Finally, it should be noted that the crystallographic orien-
tation of BST films was strongly related with the orienta-
tion of Pt electrode and also related with the orientation
between BST grains.

IV. Conclusions

In this work, the crystallographic orientations of BST
films on (111) textured Pt electrode were studied with a
transmission electron microscope. The BST thin film grown
by MOCVD was fully crystallized from BST/ Pt interface
without any amorphous layer. BST thin film had the pre-
ferred orientation of (110) and (100) planes on (111) tex-
tured Pt electrode. At the BST/Pt interface, BST (110)
grains had the relations of BST [110] | | Pt [11 0] and BST
(110) | | Pt (111). At the boundaries of BST (110) and BST
(100) grains, the relationships were [010] 00, gz, | | [11 015,
grain 80 (100)506) e || (110)45) groy- From these relation-
ships, we could find that BST (100) grains had relationships
of BST [010] | | Pt [110] and BST (100) | | Pt (111) on Pt
electrode. These relationships between BST and Pt elec-
trode can be expected to be usefuil to understand the growth
behavior of BST film.
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