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The origin of hydrogen-induced structural deformation of ferroelectric BHBIOg (SBN) thin films

is investigated by annealing in forming gé3% H,—97% N,). High resolution transmission
electron microscopy and fast Fourier transformation analysis reveal thgt1bgplanes are shifted
upward and downward by 0.92 A alo@15} plane after forming gas annealing, resulting 0@l)

planes inclined by 9.54°. This shifted distance of 0.92 A means that the perovskite structure is
distorted by 29.98% compared to the normal interatomic distance of 3.077 A. This distorted
perovskite structure results in degradation of ferroelectric properties. However, this lattice
deformation and ferroelectric property of SBN films are recovered after annealing in oxygen
ambient. ©2004 American Institute of PhysidDOIl: 10.1063/1.1815064

Bi-layered perovskite thin films such as SyB&Og  microstructural change of a SBN structure on a circular edge
(SBT), SrBiLbNb,Og (SBN), and Bg,d.a,5Tis0q, (BLT)  of the hole before and after the hydrogen annealing by HR-
have been extensively studied for the application of ferroTEM.
electric random access memori@RAMs) because of large SBN films (200 nm in thicknegswere prepared by spin
remnant polarization, low coercive field, low leakage cur-coating of a metalorganic solutio0.1 mol/, Kojundo
rent, and high fatigue resistance on Pt electrdd&siow-  Chemical Co. Spin coating was done at 3000 rpm and rapid
ever, there are still some drawbacks such as process compétermal annealing at 700 °C in oxygen ambient for 30 s fol-
ibility, degradation of ferroelectric properties during lowed drying step at 250 °C. SBN films were also grown on
annealing process in forming gé#00-500 °C in a Mand  Pt/Ti/SiO,/Si substrates to confirm the hydrogen-induced
H, mixture), reactive ion etching, and parasitic effects asso-electrical degradation and to recover its ferroelectric property
ciated with electrical isolation and passivation. It has beerby annealing in oxygerinote that HRTEM investigations
reported for the past decade that the hydrogen annealing d@rere done with SBN films deposited on Si substrat@s
grades ferroelectric properties and many published workgrystallize the Bi-layered perovskite SBN structure com-
have focused on the electrical-degradation mechanism of thsletely, the samples were annealed at 700 °C for 1 hr in
ferroelectric capacitor. However, there are some controvelfexygen ambient. For electrical characterization Pt top elec-
sial arguments for the origin of hydrogen degradation: therodes with a diameter of 20@m were deposited through a
increase of leakage currehthe heavy peeling of electrode, shadow mask. Generally, transparent region of conventional
reduction of bismuth oxide to metallic bismufttor the for- plane-view TEM sample is easily bended or broken during
mation of Bi—Pt compounds,resulting in the hydrogen- the subsequent annealing process. Therefore, in order to pre-
induced degradation. Therefore, we need to trace the atomigisely trace the change of atomic structure of SBN films, we
structure focused on the exact same area before and after theade a hole on a HRTEM sample using a short Ar-ion mill-
hydrogen annealing and then, the origin of the hydrogen degng process. The circular edge of hole was almost transparent
radation should be understood with an atomic level. How-fecause the thickness is less than 5 nm and the transparent
ever, it is extremely hard to identify the atomic structure ofregion was not damaged during the subsequent annealing
the exactly same area with high-resolution transmission elegrocess. The same HRTEM sample was annealed at 435 °C
tron microscopgHRTEM). As a previous report by TEM for 15 min in forming gag3% H,—97% N,), followed by
study, Poonawalat al. suggested that the polarization deg- an oxygen recovery annealing at 600 °C for 15 min.
radation of hydrogen-annealed SBT capacitors is due to Bi Figure 1 shows ferroelectric hysteresis loops of a
loss from the SBT grains and near surface reditirhas also  pt/SBN/Pt capacitor befolf€ig. 1(a)] and after forming gas
been observed that the grain size is decreased in the polgnnealing, and after the oxygen recovery annealing. It shows
crystalline SBT thin films and at the interface of SBT/@k  clearly the hydrogen-induced degradation of ferroelectricity
after forming gas annealirig® However, there has been no [Fig. 1(b)] and its recovery by following oxygen annealing
direct atomic-scale evidence of the hydrogen-induced deforfFig. 1(c)]. As we have explained in previous work, this is
mation of lattice sites. In this study, we made a hole on theyrobably due to the Bi—O bonds broken by the forming gas
SBN/Si substrate by ion-milling method and observed theannealing and the broken Bi—O bonds are recovered again by

the reaction of Bi and O in oxygen ambient during the oxy-

®Author to whom correspondence should be addressed; electronic mai@€n recovery anneali@-However-_ we could not ShOV‘_/ any
ytkim@Kkist.re.kr evidence for the atomic deformation due to the forming gas
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FIG. 1. Hysteresis loops of a Pt/SBN/Pt capaci@rbefore andb) after
forming gas annealing at 435 °C, a(u after recovery anneal at 600 °C in
the oxygen ambient.

annealing. In this work, we show the exact atomic structures
by the HRTEM micrographs with a point-to-point resolution
and the fast-Fourier transformatigRFT) lattice images be-
fore and after forming gas annealing, and after the oxygen
recovery annealing. Figure 2 shows HRTEM bright-field mi-
crographs and fast-Fourier transformati@T) lattice im- N W ;
ages of the same region of a SBN film taken beffi¥mys. 3.081 A7 d (115):3.081 A
2(a) and 2d)] and after forming gas annealififrigs. 2b)
and Ze)], and after the oxygen recovery annealiffggs.
2(c) and 2f)]. As one can see in Fig(B), the (00) fringes (b)
seen from bismuth oxide layers are distorted after forming

gas annealing at the box region. This means that the atomRG. 3. () Enlarged HR-TEM micrograph an¢b) its schematic atomic
structure based on the HR-TEM image.

(Onormallattice @ distorted lattice () CSL point

arrangement of SBN is destructed by the forming gas anneal-
ing and then, after the oxygen recovery annealing, this dis-
torted lattice image of the box region is perfectly recovered
to the original structure. Therefore, tl@0l) lattice fringes

are again revivegFigs. Z2c) and 2f)]. In order to investigate
the lattice image more precisely than the conventional HR-
TEM image, we obtained FFT images with a Gatan Digital
Micrograph software. Figures(®-2(f) show the FFT im-
ages of the same region in FiggaR-2(c) (rectangular box
respectively.(The diffraction patterns are taken along the

SBN[110] direction) The dense vertical patterns originated
from the longc axis of SBN, representing its typical crystal
structure. However, after forming gas annealing, (Bd)
spots disappeared and unknown spots tilted about 9.54° with
respect to thé00) spots appeareffig. 2€)], although the
(115 spots remain unchanged. However, after the oxygen
recovery annealing, the FFT-diffracted patterns are recovered
as shown in Fig. @).

Figure 3a) shows an enlarged HRTEM image of the
annealed sample in hydrogen. It indicates an interface
boundary between norm&0l) planes and distorted planes.
From Fig. 3a), we can draw a schematic lattice structure as
shown in Fig. 8b). In this figure, the interplane distance
between{115} plane is 3.081 A, which is not changed, but
the distorted{ 115} interplane distance is reduced to 3.056 A.
FIG. 2. Plane view HRTEM micrographs of a fresh SBN fil(i@), after In this mOde-I’ the Iattice.site.s OfL15} pl.anes which are
forming gas annealing at 435 °®), and after oxygen recovery anneal at denoted as lines Aand B in Flg(tS are shifted UDward a_nd
600 °C (c). FFT images in(d)~(f) are taken in the box regions i@—c), ~downward by 0.92 A along115} plane. However, the coin-
respectively. cident lattice sitgCLS) of {115} plane denoted as line C is
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