Link-up of 90° domain boundaries with interface dislocations
in BaTiO 3/LaAlO 4
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Interface microstructures of BaTi@.aAlO; grown by metalorganic chemical vapor deposition
(MOCVD) are studied using high-resolution transmission electron micros@¢dR¥ EM). Interface
dislocations in BaTiQ/LaAlO; have been shown to be directly linked up with the 90° domain
boundaries in BaTi@ This association is a result of strain relief due to a phase transformation when
cooled down from the growth temperature. The Burgers vector of the interface dislocat{ohe)is
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Epitaxial growth of barium titanate (BaTiDthin film  of another domain. At room temperature, LaAl®as a
has attracted much attention because of its potential applicgerovskite-like structure with a slight rhombohedral distor-
tion in microelectronics and integrated photoniickhe film-  tion (a=0.3788 nm,a=90° 4 ft).” LaAlO; experiences a
substrate interfacial structure plays an important role in dephase transition from a rhombohedral to a cubic structure
termining the quality of the film. Misfit dislocations are (a=0.381 nm at 435 °C.
usually produced at the interface to partially relieve the strain ~ Figure 1& shows a low-magnification TEM image of a
due to lattice mismatch?® BaTiO; experiences a phase tran-
sition from a cubic to a tetragonal phase during cooling,
resulting in the formation of 90° and 180° domain bound-
aries. It is important to understand the formation mechanisn '
of domain boundaries and its dependence on the microstru
ture of the film-substrate interface, because the physice
properties and performance of this ferroelectric film are |
largely determined by the domain structures. In this letter
the interface structure between Bagi@nd LaAlQ; is exam-
ined to show the association of 90° domain boundaries &
interface dislocations. The mechanism that drives th
link-up is discussed.

Epitaxial BaTiGQ thin film was deposited on LaAlQ
(001 by metalorganic chemical vapor depositidiOCVD)
as reported elsewhefeCross-sectional samples were pre-
pared to examine the interfacial structure at 200 kV using ¢
JEOL 2010 high-resolution transmission electron microscop: |
(HRTEM).

BaTiO; has a cubic perovskite-type structure
(a=0.4012 nm above 120 °C.Below 120 °C, it is tetrago-
nal (a=0.3992 nmc=0.4036 nm.° The tetragonal BaTiQ
phase has ferroelectric property because of the spontanec
polarization along thec axis. A 90° domain boundary is (b) ()
formed if thec axis in one domain is parallel to treeh axis
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FIG. 1. (a) A TEM image of a cross-sectional sample of BaJi0aAlO,

(001). The film growth direction i§001]. (b) A [100] electron diffraction

@Electronic mail: khkuo@image.blem.ac.cn pattern of the film showing epitaxial growth of the filrtt) A calculated

YCorresponding author: Electronic mail: zhong.wang@mse.gatech.edu  pattern corresponding ), in which open circles denote the Bragg reflec-

9Current address: Motorola Inc., 3501 Ed Bluestein Blvd., Austin, TX tions from LaAlQ; and solid circles from BaTi@ All the indexes are
78721. marked according to LaAlQcrystal.
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FIG. 2. A[100] cross-sectional HRTEM image of BaTj@®.aAlOs. Thick

white arrowheads indicate the positions of interface dislocations. Thin whitd /G- 3- An enlarged, Fourier filtered image of a region enclosed by a white
arrowheads indicate the 90° domain boundaries in BgTiO line square in Fig. 2. The thick white line indicates a 90° domain boundary

and the thin white line shows a relative tilt of lattice planes on both sides of
the boundary.

cross-section sample. An electron diffraction pattern from

this specimeriFig. 1(b)] shows the epitaxial growth of the cubic to a tetragonal phase during cooling from the growth
film. Two sets of diffraction spots are seen in Figb)l one  temperature, strain is also produced in the film due to both
belonging to BaTiqQ (thick white line squareand the other the lattice mismatch and difference in thermal expansion co-
belonging to LaAlQ (thin white line square The lattice efficients between the film and the substrate, domain bound-
mismatch between BaTiQand LaAlO; produces the split-  aries are formation to accommodate the stfdifihe lattice

ting of the diffraction spots. Since the distortion of LaAlIO mismatch is 5.3% at the growth temperat8®0 °Q). At

from cubic structure is extremely small, the relative rotationropom temperature, as the result of cubic to tetragonal phase
between BaTi@and LaAlQ; is hardly detected by electron transformation, the lattice mismatch is still 5.3% if thexis
diffraction. Therefore, the orientation relationships betweerof the film is perpendicular to the interface, but the lattice
the film and the substrate almost exactly satisfymismatch is 6.5% if tha axis of the film is perpendicular to
(001)g10lI(001) o » (010)g7oll(010) Ao - At room tempera-  the substrate. Therefore, the lattice mismatch experiences a
ture, BaTiQ has a tetragonal structure witla=1.01. The  jump at the domain boundary, resulting in accumulated strain

small difference betweea andc axes is hardly resolved in at the boundary region. Also, the different lattice mismatches
the electron diffraction pattern, thus, the indexes of the dif-

fraction patterns are labeled according to a cubic structure. A
calculated electron diffraction pattern by assuming the above
epitaxial relation is shown in Fig.(&), in good agreement
with Fig. 1(b).

Figure 2 shows a cross-section HRTEM image of the
interfacial region. Interface dislocations are seen, as indi-
cated by thick white arrowheads. The distance between dis-
locationsf andg is 7.3 nm, which is close to the theoreti-
cally expected value 7.2 nm, while the distance between
dislocationse and f (8.3 nm is larger than the calculated
value and the distance between dislocatigradh (5.4 nm)
is smaller than the expected value. These data indicate that
the interface strain is distributed inhomogeneously. 90° do-
main boundaries are observed in the imdtien white ar-
rowheads The domains boundaries are paralle(@d1) and
(011) and form a 45° angle with the interface, and these
boundaries are the 9G¢—a type®® An enlargement of the
region included in the white line square in Fig. 2 is shown in
Fig. 3. The domain boundary is indicated by a thick white
line. The relative rotation of the crystal across the domain
boundary can be seen along the thin white lines. This is a
typical character of the 908—a domain boundary.

A remarkable phenomenon seen in Fig. 2 is that the 90°
domain boundaries in BaTiQare directly associated with FIG. 4. Enlarged images of the regions around the dislocati@ and the

the cores of interface dislocations. Interface dislocations ardislocationh (c) in Fig. 2. (b) and(d) are the Fourier filtered images corre-
i Sponding to(a) and (c), respectively. White arrowheads indicate the inter-

generated t_o relieve the strain produced by |attice_ mismatchace between BaTipand LaAlO, The Burgers circuits around the disloca-
When the film undergoes a structure transformation from aion cores are indicated.

'y

CIC N 4

LK K

3094 Appl. Phys. Lett., Vol. 68, No. 22, 27 May 1996 Dai et al.
Downloaded-21-Aug-2004-t0-136.142.113.16.-Redistribution-subject-to-AlP-license-or-copyright,~see=-http://apl.aip.org/apl/copyright.jsp



in the two adjacent domains will result in different intervals enclosure circuits for Burgers vectors, as indicated in Figs.
of interface dislocations, as observed in Fig. 2. 4(b) and 4d), the Burgers vector of the interface dislocations
Domain boundaries are formed at the transformationis determined ag010] (equivalent td100] or[001]), an edge

temperaturé120 °Q, and they may move freely at this tem- type.
perature and tend to move towards the sites that have lower In conclusion, interface dislocations in BaTRO
energy. When a domain boundary is directly linked to anLaAlO; have been shown to be directly linked up with the
interface dislocation, the strain fields of the two might par-90° domain boundaries in BaTiOThe interface dislocations
tially cancel out, resulting in lower energy. Thus, the domainin BaTiO;/LaAlO; are the(100 edge type.
boundary is likely to be “pinned” at the dislocation site.
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