APPLIED PHYSICS LETTERS VOLUME 81, NUMBER 26 23 DECEMBER 2002

Epitaxial growth and dielectric properties of homologous Sr m—3BiaTinO3m4+3
(m=3,4,5,6) thin films
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The first four members of Bi-layered sr3Bi,Ti,,O3,,. 3 homologous series witm=3, 4, 5, and

6, i.e., ByTizO45, SrBiTi,O15, SKBi,TisO1g, and SgBi,sTigO,q, were grown on SrTi@ (001)
single-crystal substrates by pulsed-laser deposition. X-ray diffraction and high-resolution
transmission electron microscogiiRTEM) reveal that the films grew epitaxially with in-plane
epitaxial alignment off 110]Sr,,_ 3BisTiOsm+3l[010]SITiO;. HRTEM cross-sectional images
show that the films wittm= 3, 4, and 5 are nearly free of intergrowth, whereas a number of growth
defects were observed in the film withn=6. Using an evanescent microwave probe, the
room-temperature dielectric constants of these epitaxial films are measured to Hb&32205

+15, 261+ 29, and 249 17 for films with m=3, 4, 5, and 6, respectively. @002 American
Institute of Physics.[DOI: 10.1063/1.1530741

There has been a lot of interest in ferroelectric thin filmsphase material. To resolve this, HRTEM studiescedxis
since their unique dielectric, piezoelectric, pyroelectric, andepitaxial SBT§ thin films are necessary.
ferroelectric properties can be utilized for memory devices, = The synthesis of homologous oxide thin film system can
ultrasonic sensors, and infrared detectorsn recent years, offer tremendous potential for tailoring the ferroelectric and
Bi-layered perovskites exemplified by SgBa,Oy (SBT) dielectric properties of materials. For example, by preparing
thin films have been extensively studied for use in nonvolathe first five members of the $r;Ti,Os,.1, Ruddlesden—
tile ferroelectric random access memorid8/FRAMs).*° 1t~ Popper homologous series by molecular beam epitaxy
is well known that these materials show highly anisotropic(MBE), Haeniet al. revealed that the first member of this
structure, ther fare, highly anisotropic ferroelectric proper-Series, SfTiO,4, has several potential advantages overrthe
ties. In view of applications in infrared detectors and Nv- =% member, SrTiQ, for application in metal-oxide—
FRAMSs, the growth of nore-axis oriented films is of par- Sémiconductor field-effect transistofOSFETS. "
ticular significance because the direction of spontaneous Motivated by the work described above, we prepared
polarization in these materials is perpendicular todrais, ~¢-@xis epitaxial homologous gr3BisTinOam+s (M=3, 4,
specifically along the or b axis®~8 However,c-axis epitax- >+ @1d 6, i.e., BuTiz0y, SrBisTisO15, SBBi,TisOyq, and
ial SBT films have been confirmed to be useful higdi- ~ S%BiaTisOz (referred to as BTO, SBJj SBTi, and
electric material€.In addition, probingc-axis epitaxial films ~ SB Tle» respectively thin films on (001)-SrTiQ (STO)

of these unconventional materials can reveal their basi(?'ngle'crYSt""I su_bst_rates _by pulsed_ laser deposmlbh_D)
structural and intrinsic propertié8 and studied their dielectric properties. These materials be-
' long to the family of Bi-layered perovskite oxides with 3, 4,

On the other hand, it was suggested that Bi-layered ox-

ides withm>5 could not occur naturally and some attempts.s’ and 6 TiQ octahedra sandwiched between two neighbor-

o2t : ; i
to fabricate such oxides ended up in a mixture of phases qftt (FT) ST, O PR B9 SR °° TR EERTE
SBTis and SrTiQ,* however, there is no direct reason to Y

preclude their occurrence, especially in the form of thinFIgS' 13-1(d.

: S : ) According to Hesse et aj** for Bi-layered oxides, a
films. In the case of $Bi,TigO,,, which should vae X pseudotetragonal or orthorhombic structure can be used. In
octahedral blocks between two neighboring @i)-" lay-

ithouah i cal ies h b 3 the case of the pseudotetragonal structureattendb-lattice
ers, afthough its optical properties have been rgp _ed; constants of these materials are about 3.84—-3.86 A, which
far as we know no careful structural characterizatioa.,

) . ’ N 3 show little variation with respect to tha value and are very
using a high-resolution transmission electron MICroSCoPg;mijar to the lattice constant of cubic ST@<3.90 A) and
(HRTEM)] of it has been done to ensure it is really a S'nglethat of pseudocubic LaAIQ(LAO, a=3.79 A). The lattice
mismatches of these materials between STO are less than
¥Electronic mail: yfchen@nju.edu.cn 1.54% and between LAO are less than 1.32%, therefore,
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B,O: i 5 .IL & lf‘.“' l-.<. 2 FIG. 1. Schematics of the crystal
- ; i ! i U Z 17 structure of(a) BTO, (b) SBTi,, (c)
SBTis, and(d) SBTig.

Bi-O

STO and LAO might be promising as substrates for theindexed according to standard powder diffraction data
growth of c-axis epitaxial Sf_3BisTiOsm+3 (M=3, 4,5, whereas the peaks of SBTwere indexed by assuming
and 6 thin films. In this letter, however, orthorhombic struc- =5.700 nm?? It should be noted that standard powder dif-
ture indexing will be used. fraction data of P§Bi,TigO,,'" are a valuable reference for
Ceramic pellets used as PLD targets were prepared by iadexing the peaks of SBJifilms. Obviously, only (0@l)
citrate complex method and a solid-state reaction methocheaks of these materials and (Peaks of STO substrates
The PLD processes were performed using a KrF excimegan be detected, consistent with in other repdtfsThe
laser with wavelength of 248 nm and pulse width of 30 ns.space groups of the Bi-layered Aurivillius phases Agam
Details of the preparation procedures will be given later.  for evenm, andB2,bm for odd m. Both have glide planes
_ The crystal structures and epitaxial arrangements of thgjong thec axis'® which could be responsible for the extinc-
films were studied by x-ray diffractioXRD) using & (ion of (0 021+ 1) peaks. However, local structural distor-
Rigaku-D/Max-rA diffractometer with CiK « radiation and tion might result in weak (0 @l +1) peaks.
by HRTEM using a JEOL 4OO.OEX elect.ron MICroscope op- Figure 3a) is a low magnification TEM micrograph of a
erating at 400 kV, which provided a point resolution of 1.7C oss-sectional sample that shows the morphology of the
nm. Dielectric constant§ atroom tempera“’lgelﬂire measur BTi, film on STO. A columnar structure consisting of a
using an evanescent microwave prafa/p). subgrain boundary can be seen. The film consists of a sharp

The 6—260 XRD patterns of the BTO, SBTj SBTis, and . : .
SBTi, films fabricated 0r{001)-STO substrates are shown in interface with respect to the substrate and has a mean thick-

. - : : ness of 735 nm. Figure(B) shows a typical010] zone axis
Figs. 2a)-2(d). The peaks of BTO, SBTi and SBT§ were selected-area electron diffractigBAED) pattern of the STO

Intensity {(a.u.)

0 10 20 30 40 50 60 70 80
20 (deg.) FIG. 3. (@) Cross-sectional TEM micrograph of SBTiilm grown on a
(001)-STO substrate and typical SAED patterns(bf the [010] zone of

FIG. 2. X-ray #—20 scans ofia) BTO, (b) SBTi,, (c) SBTis, and(d) SBTig STO, (c) the[110] zone of SBTj, and(d) the interface between STO and
films grown on(001)-STO single-crystal substrates. SBTi,.
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sured with the EMP were grown directly of®01)-LAO
single-crystal substrates by PLD. LAO was used as the sub-
strate instead of STO because its low dielectric constant
(~24) will not interfere with the dielectric measurement. The

. ’ A measureck, are 22113, 20515, 261+29, and 24917
AR o WS BRI for m=3, 4, 5, and 6 films, respectively. These are compa-
e e rable in magnitude to the results measured in the parallel
FIG. 4. Cross-sectional HRTEM images @j BTO, (b) SBTi,, (c) SBTis, plate capacitor structure (LaNi@Sr,,_3BisTiOsmys/

and (d) SBTi films. B indicates (BiO,)*" layers. LaNiO3/LaAlO; with m=3-6) with a HP4294A
impedance/phase analyzer.

In conclusion, epitaxial BTO, SB]j SBTis, and SBT}
films were prepared ofl00-STO single-crystal substrates
by PLD. Cross-sectional HRTEM and electron diffraction
studies revealed that the films have single phases. Octahedral
tilting of these Bi-layered perovskite oxides was observed.
The dielectric measurements revealed that these films
showed high dielectric constants.

substrate. Figures(® and 3d) are SAED patterns taken of
the SBT], films and of the interface between SBTiims and
the STO substrate. Figurgd3 is the[110] zone electron
diffraction pattern of the SBTistructure. Note that ortho-
rhombic indexing is used. Clearly, Fig(d@ shows the mix-
ing of [010]STO and[110]SBTi, in the SAED pattern. For
BTO, SBTE, and SBT§ films on (00)-STO substrates,
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