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2 Q- 250 A%} 1340 A 5712 ol 7] €hA] (BaosSts)TiOs (3~ BST) wHahg: MgO(001) B 47| ol W
3 #o)x] ZaP (pulsed laser deposition)© & A 23 F vFAlG XA Abab-g o] f8lo) BAJslgich winbe 2
71ell MgO(001) st 7|93} cube-on-cube FA| 2 F-3bx]w, upato] Aalgtel] alet o] JAE Al FA|5hd
A stk Ao gdsich g ubete] AAgtel] whep vhake] -2 78 AA e A= ybH s|w3t
2hk ape] o] AlHe] AA7E A Wik W@skeh o9 el BST whete] Zr]abefel 4= cdol 7|93} 43
ghupako g wierd bt aE Helon, vivte] JAlgle) wet 1 APt Yol (butk) BSTS &
A A3 kA 2 E Ao, ol-&e] 7)He] 3 (out-of-plane) B 3 3 (in-plane) W o g2 o] W a}e]
(mosaic) #E7} FotRl& Balabelc}.

Abstract — Epitaxial (BaysSros)TiO; thin films of two different thicknesses (~250 A and ~1340 A) on
MgO(001) prepared by a pulsed laser deposition method were studied by synchrotron x-ray scattering
measurements. The film initially grew on MgO(001) with a cube-on-cube relationship, maintaining it
during further growth. As the film grew, the surface of the film became rough significantly, but the
interface between the film and the substrate seemed to have changed little. In the early stage, the film was
highly strained in a tetragonal structure with the longer axis parallel to the surface normal direction. As
the growth proceeded further, it was mostly relaxed to a cubic structure with the lattice parameter of the
bulk value and the mosaic distribution improved significantly in both in-plane and out-of-plane directions.
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Fig. 1. The scattering geometry used in this experiment. A
conventional powder diffraction profile is obtained by
measuring the scattering intensity along the specular ¢,
direction. The azimuthal circle scan including the off-
specular (111) reflection was conducted to study the in-
plane growth relationship. The lattice parameter of the film
was calculated from the (111) peak position in the reciprocal
space. Also the in-plane and out-of-plane aligm

film was estimated from the rocking curves of the (111) and
(002) peaks described by the dotted lines, respectively.
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Fig. 2. The x-ray reflectivity measurements. The open

circles and open squares represent the reflectivity curves on
the sample grown for 5 min and 30 min, respectively.
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Fig. 3. The atomic force micrographs of the films grown (a)
for 5 min and (b) for 30 min. The large particles are
observed on the surfaces.
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Fig. 4. The powder diffraction patterns of the epitaxial BST
thin films grown on MgO(001) single crystal substrates.
Only the Bragg reflections of BST(001) appear.
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Ao Azd ey &3] IR AR ¥
53 QIeH10]

Fig. 4 uhete] 29 314 ofel (6-20 scam)g- Lhehl
o} slZ B gte| E BST Alo] HdstAl HA=g)em,
MgO w47 715k¢] (001)37} 3 3 s}A] BSTS] (001)=1
o] 4sIRend, uhoke] FoAlrt Z7hkel wek A
o] 2 fAFE o = sivk. Zluke] A nkak(out-
of-plane direction)®.22] wzle] E¥ .2 g7}slr] 23|
A1 BST (002) BA 3= )3} rocking =413 F-5}3
Fig. 5ol vtebfgict. 5¢ 2 30% 2 ubete] Heh
rocking I-419] HWHM(half width at half maximum)<
ztzb 0.585°9F 0.389°¢3t}. oleldt Al LaAlO, v
A 7)%e) AZE os|ekA] BST ubete] 555} nlrst
7 okt 2 e RA[11] 2 olfi= Mg0s) BSTS)
(001)F ol g AAHEAA7} oF 7% A =24 LaAlO;
of] & AR (oF 4%) Kt =27] BhEow sdd
th & s FEF W A v FAVL FAE
78l dH Al A, & AA S AP 2o} S}
€ Zelth. ol2idt Az utete] FAM Fo1EeE
rocking 2-412] HWHMo] 7t Afrhs B 19 dxjshe

R ol

FAT}A, A 7D A 43, 1998

(a) 5-min-film

~~
2}
o
7
S—
7]
[ruiry
c
>
9 b At -+
= b) 30-min-fii
g (b) min-film
=
n 300
c
[
e
£ 200
100

-40 20 0 20 20
Azimuthal angle (degrees)

Fig. 6. The azimuthal circle scans including the BST(111)
off-specular reflections for the films grown (a) for 5 min
and (b) for 30 min. The well defined peaks, of which the
directions are parallel to the MgO<111> (not shown in the
figure), indicate both films were grown epitaxially. The
rocking curves of the BST(111) Bragg reflection from the
films grown for (a) 5 min and (b) 30 min, which were
obtained by measuring the intensity as the specimens were
rocked along the azimuthal circle (H-K circle in the
reciprocal space) while fixing g, at the (111) Bragg
reflection, are shown in the inset figure.
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Fig, 7. (a) and (b) In-plane diffraction profiles of the (111) Bragg reflection for the film grown for 5 min. (d) and (e) In-plane
diffraction profiles of the (111) Bragg reflection for the film grown for 30 min. (c) and (f) Out-of-plane diffraction profiles of
the (111) Bragg reflection for the film grown for 5 min and for 30 min, respectively.
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