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Abstract The crystallographic characteristics of the (Bi, La);TizO;; thin film, which is considered as an
applicable dielectrics in the ferroelectric RAM device due to a low crystallization temperature and a good
fatigue property, were investigated at the atomic scale by high resolution transmission electron microscopy and
the high resolution Z-contrast technique. The analysis showed that a (00c) preferred orientation and a
crystallization of the film were enhanced with the diffraction intensity increase of the (006) and (008) plane
as the annealing temperature increased. It indicated a change of the atomic arrangement in the (00¢) plane.
Stacking faults on the (00c¢) plane were also observed. Through the comparison of the high-resolution Z-contrast
image and the Bi Ti30;; atomic model, it was evaluated that the intensity of the Bi atom was different
according to the atomic plane, and it was attributed to a substitution of La atom for Bi at the specific atom

position.
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Fig. 1. Schematic illustration of STEM-HAADF detector for
Z-contrast imaging.
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Fig. 2. XRD 8/26 scan spectra showing the texture of BLT
films. A and B were obtained from the specimens annealed at
625°C and 725°C, respectively.
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Fig. 3. Cross-sectional TEM images and diffraction patterns obtained from the BLT films annealed at 625°C (a) and 725°C (b).
To easily observe the stacking sequence of the (00c) plane, the images were taken in the systematic diffraction condition with
the incident beam parallel to the (00c) lattice plane. The HRTEM images of (a) and (b) are shown in (c) and (d), respectively.
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Fig. 4. (2) TEM image and diffraction pattern obtained in the same region as Fig. 3(b). The image was taken with the incident
beam parallel to the [110] direction. (b) Electron diffraction pattern obtained from a dark BLT grain in (a). The HRTEM image
of (a) is shown in (c).
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Fig. 5. Enlarged one-dimensional HRTEM images obtained in the regions of A and C in Fig. 3(d). The intensity profiles of (b)
and (d) were obtained from the regions indicated by rectangles in (a) and (c), respectively. Through intensity profiling, the (00c)
stacking sequences are visually interpreted.
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Fig. 6. (a) and (b) HRTEM images taken with the incident
beam parallel to the [110] direction in the same region as Figs.
5(a) and ().
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Fig. 8. (a) BLT atomic model projected to the [010] direction. The images of (b) and (c) were obtained from the regions indicated
by C and D in Fig. 7(b). respectively In the images, the atomic model is matched with the same magnification.



b
He
A
olr
=
>
il
g
ol
i

=9, Fig. 7(d)°1A Z=7F $& gdez A4 2, 3
B9 d-SHL AUtk o)% i

Ho] At v E4EE Ao Mg 4] A
+ Bi%t #|8=E La®] MR-l el BLT 2Hete)
A 7HE S 53 ABO; HREATIO|E 23X A
Aol Laol g EAE 7HeAol Atk BuE A+
A7Ye} B Zoln). B33 s FEHEE Wi
of B B3 e YA, Aiss Z TEFHLE
’F o2 FE] BLT (00c) YAHE] A#AQI s)A{o] 715
Eissias

4.4 =
TRl AAEE A & 1O, AF M FH
= BLT ®ote] 27388 542 974 2AUel4 B}
@ AFE thest ol 429 4+ Atk
I #5982 £xo k) A BLT (00c) A
A

+ g3 AAsHrt S7HINAL, 53] (006), (008)
Hol 387w rt Skt 28], (00c) Holl 33t

st 293k HRTEMA S 2 RE] (00c) He &
Z F7)19 Wg= FJriEded, 1 WoA Jdd AF
AL oA HY A AFAA A} Uvke Aol

2. aEEs Z FE *E*hﬂr Bi,Tis0, ¥ 2d =}
i Bi ¥xte] ZF=7F Aol wjepA A}
0]E Holi A= Ao & Lﬂ‘zil, ol EA AAYA
oA Bi ¥x7t La 9AR X &Y ol A
4=
3. HRTEM3} 1835 Z SEGHLE 7| AAE

.132 oo

TYLHU

—_

10.

S o183t (Bi, La)TisOp, Tt 2332 54 W7t 483

4o Be A 7719 A4 A o f8SiE 2

aAel 2

AellA BLT AxpiEe] R/ fl3 T830A A

B
8 oy z BEALENY AT 9 3 A o
A
[e]

Pl A f-8-3 974& 2= JEOLALY 71ebAly] vlAtE]
YFAKDr. Masahiro Kawasaki)”ﬂ 7HAte] =g EF

m

|

F
rot

J. T. Evans and R. Womack, IEEE J. Solid-State Circuits,
23, 171 (1988).

J. F. Scott and C. A. P. Araujo, Science, 246, 1400 (1989).
N. Ichinose and M. Nomura, Jpn. J. Appl. Phys., 35, 4960
(1996).

B. H. Park, B. S. Kang, S. D. Bu, TW. Noh, J. Lee and
W. Jo, Nature, 401, 682 (1999).

. O. Auciello, I. F. Scott and R. Ramesh, Phys. Today,

51(7), 22 (1998).

W. S. Yang, N. K. Kim, S. J. Yeom, S. Y. Kweon and J.
S. Roh, Jpn. J. Appl. Phys., 41, 727 (2002).

N. K. Kim, W. S. Yang, S. J. Yeom, S. Y. Kweon, E. S
Choi and J. S. Roh, Integrated ferroelectrics., 39, 81
(2001).

S. J. Pennycook, Ultramicroscopy, 30, 58 (1989).

. S. J. Pennycook and D. E. Jesson, Ultramicroscopy, 37, 14

(1991).
M. Kawasaki, T. Oikawa, K. Ibe, K. H. Park and M.
Shiojiri, J. Electron Microscopy, 47, 477 (1998).



