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1. Introduction

Lithium aluminate (y-LiAIO,) is one of the most thermally and chemically stable Li-containing oxide compound, and
widely studied for a variety of functional materials in the electronic and nuclear energy fields [1-3]. Because of the
small lattice mismatch to GaN (1.4%), y-LiAlO,is a good substrate for the GaNepitaxial growth [4-6]. y-LiAIO; is also
used as an electrolyte support for in a molten carbonate full cell (MCFC) due to its high stability and low solubility in
molten carbonate electrolytes [7-10]. The piezoelectricity and high acoustic velocities of y-LiAlO, are attractive for the
applications such as surface acoustic wave (SAW) devices for frequencyfilters in the wireless communication [11, 12].
v-LiAIO; is promising for a tritium solid breeding material in a fusion reactor, because it is thermally and chemically
stable, and shows excellent compatibility with structural materials under irradiation with neutrons at high temperatures
[13-15]. Li-Al-O compounds in the forms of bulk and powder have been fabricated by solid state sintering, combustion
and sol-gel methods. Compared with bulks and powders, films have characteristics of both large specific surface area
and high uniformity. Large specific surface area is advantageous in catalytic reaction, humidity detection and CO, ab-
sorption while uniformity is essential for luminescent material in display industry and for lattice match matrix. A few
studies on the preparation of Li-Al-O films were reported by using rf-magnetron sputtering and atomic layer deposition
(ALD). Only non-crystalline and thin Li-Al-O films (less than a few um thick) have been fabricated because of low
deposition rates ranging from 0.1 to 1 pm h™,

Solid state reaction and wet-chemical method such as sol-gel [16] have been used to prepare y-LiAIO,. However,
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reports on the preparation of y-LiAIO, films are limited to date. y-LiAIO, film can be attractive for a buffer layer of
epitaxial growth of semiconductor films and a protective layer against the corrosion of the supports and frames by the
molten carbonates in MCFC [17-19]. The orientation and microstructure of the films are important factors for the
epitaxial growth and resistance to the corrosion.Chemical vapor deposition (CVD) is a common industrial process to
produce high-purity and high-performance solid materials such as a-Al,O;. To date, it has never been used for
deposition of Li-Al-O and Na-Al-O films. Chemical vapor deposition (CVD) may prepare crystalline Li-Al-O and
Na-Al-O films, but the deposition rate is usually low. We have developed laser-assisted CVD (LCVD) using
high-power continuous-wave oscillation laser expanded to wide deposition area with a lens. The laser irradiation field
during CVD enables us to fabricate films with highly-textured microstructures at high deposition rates. We reported the
high-speed growth of films in various pseudo binary systems, such as BaO-TiO, and ZrO,~Al,Qs, clarifying those
phase formation relationships and microstructures by LCVD.We also reported the preparation of Li-Al-O films, such as
LiAlsOg and LisAlO,, at high deposition rates by laser chemical vapor deposition (LCVD). In the present study, we
report highly (110) and (004)-oriented LiAIO, filmshaving well-crystallinzed and faceted texture prepared by LCVD.

2. Experiment

A continuous wave diode laser (InGaAlAs, wavelength: 808 nm) was employed with laser power output (P.) from 50
to 200 W and irradiation spot size of 15 mm in a diameter.AIN substrate (10 mm x 10 mm x 1mm) was put on a hot
stage pre-heated at 873 K(Ty). The temperature distribution in the substrate was within several K. The deposition
temperature (Tqep) Was measured by a thermocouple beneath the substrate. The vaporization temperature (Tye) Of
aluminum acetylacetonate (Al(acac)s) precursor was fixed at 443 K, while that of lithium dipivaloymethanate (Li(dpm))
precursor was changed from 513 to 553 K. The molar ratio of evaporated Li to Al precursor (Rpia)) was regulated by
changing the T, of Li(dpm) precursor. The precursor vapors and O, gas were separately introduced into the reaction
chamber through a double-tube nozzle. The flow rates of Ar carrier gas for each precursor and O, gas were fixed at 8.3
x 10-7 and 1.7 x 10°® m® s, respectively. The temperature of all the gas lines was maintained at 553 K to prevent the
condensation of precursor vapors during the transportation. The total pressure (Ptot) in the reaction chamber was
changed from 100 to 800 Pa. The deposition time was 600 s. The schematic of the LCVD apparatus was shown
elsewhere [20-22].

The deposition rate (Reep) Was calculated from the film thickness per deposition time. The crystalline phase was ex-
amined by X-ray diffraction (XRD; Rigaku: RAD-2C). The microstructure was observed by scanning electron micro-
scopy (SEM; Hitachi: S-3100H) and FE-SEM. The degree of orientation on (hkl) reflection was calculated by the Harris
texture coefficient (TC):

Iy (k) / I (hkD)
X I (kD) / To (hkel)

where (hkl) correspond to (110) and (004) planes of LiAIO, films. 1., and I, are the intensity from the corresponding
plane measured in the present study and that reported in JCPDS card (JCPDF#75-0905), respectively. (101), (110),
(111), (200), (211), (310), (004), (302), (321) and (330) reflections of LiAIO, were used for the calculation (N = 10).

TC(hkl) = N

3. Results and discussion
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Figure 1. XRD patterns of y-LiAlIO, film prepared at Tge, = 1100 K, Py = 200 Pa and different molar ratios of Li/Al of R jja =
10(a) and RLi/AI =20 (b)
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Figure 1 shows XRD patterns of y-LiAlO, film prepared at Tqep = 1100 K, Py = 200 Pa and different molar ratios of
Li/Al ofR_ya = 1.0(a) and Ryya = 2.0 (b). In fig.1(a), Relative intensity of the (004) reflection peak at 58.9° was
significantly higher than that of a powder pattern (JCPDF#75-0905), implying the (004) orientation. The TCvalue of the
(004) orientation was 9.4. And the film prepared at R j;,a = 2.0 had a (110)-orientation, as shown in fig.1(b), presenting
a TC(110) of 9.2.
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Figure 2. Effects of Tyep and Ry ija 0N the orientation and microstructure of y-LiAlO, films prepared by laser CVD.

Fig. 2 shows the effects of Ty, and Ryiai0n the orientation of y-LiAIO, films.y-LiAIO, films in a single phase were
prepared at Tgep, = 1000-1300 K, Ry ja = 1.0-10.6 and Py = 200 Pa. At Tge, = 1000-1100 K (P = 100 W), y-LiAIO,
film with (004) orientation was deposited at Rija = 1.0.At Tgep, = 1158-1183 K (P = 150 W), (004)-oriented y-LiAlIO,
film was prepared at Ryya = 2.0. At Tgp = 1238 K, (004)-oriented film was obtained at R,y = 10.2. Thus,
(004)-oriented films generally formed at relatively low Ry and high Tgep. In contrast, (110)-oriented films can be
obtained at relatively high Ry jai and low Tgep.

The surface and cross section of y-LiAIO, film with different orientationswere depicted in Fig. 3. The (004)-oriented
film consisted of pyramidal grains in the grain sizes of about 1-3um and the cross section was columnar structure. The
(110)-oriented film had granular and polygonal surface and columnar cross-section. The deposition rates of these
y-LiAlO, films were 60-90um h™.

Figure 3. The surface and cross section ofy-LiAlO, film with (004)-orientation (a, b) and (110)-orientation (c, d).
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Figure 4 (a) shows the FE-SEM image of the top surface of the (004)-oriented y—LiAIO, film. LiAlO, has two types
of structure, o: hexagonal caswellsilverite (NaCrS2)-type and vy: tetragonal wurtzite-type. In the present study,
y—-LiAIO, was obtained at Ry j;a>0.5 and Tqep> 900 K. These are also in agreement with the phase diagram. y-LiAlO, has
a wurtzite structure in a tetragonal cell (P4,212; a = 5.17 nm and ¢ = 6.295 nm), which is composed of Al- and
Li-centered tetrahedral. Each tetrahedron shares one of its edges with another tetrahedron of a different type, and each
vertex of every tetrahedron is shared with two additional tetrahedra. The edge-sharing couples of Al- and Li-centered
tetrahedra are aligned on (00I) planes. This directional alignment of the edge-sharing couples of tetrahedra could be
associated with the preferred (004) orientation in the y-LiAlO, films. Compared with LiAIO,, the other two phases of
LiAlsOg and LisAlO,4 have different structures. LiAlsOg has two structures, i.e., . ordered spinel and B: disordered
spinel with no ordering between Li+ and Al3+ in the octahedral sites. The crystal structure of a-LiAlsOg is an inverse
spinel with a cubic lattice (space group: P4332, lattice constant: a = 7.908 nm). The Li atoms and half of the Al atoms
form six-coordinated octahedra sharing their edges. The other Al atoms form four-coordinated tetrahedra sharing
corners of the octahedra. The phase of a-LiAlsOg with a Li-poor and Al-rich composition is situated next to
Li—B-alumina in the phase diagram of the Al,Os-Li,0 system. Among the many polymorphs of alumina, y-alumina has
a defective spinelwhere Al atoms at tetrahedral and octahedral sites are designated as All and Al2, respectively. The
occupancy of the octahedral Al2 site is 0.83 to satisfy the Al,O3 stoichiometry in a spinel cubic cell. The crystal
structure of a-LiAl;Og can be understood as a derivative form of y-Al,O3 with substitution of the Li-centered octahedra
for a quarter of the Al2-centered ones. Single-phase a-LiAlsOg was obtained at Ty, = 1089-1273 K and Ryja> 0.2.
This is in agreement with the phase diagram. At higher Tg, values, a higher Li content was needed to obtain
single-phase compounds probably due to a premature reaction of the Li (dpm) precursor in the gas phase. Meanwhile,
LisAlO, also has two types of structure, o antifluorite and f3: antifluorite with greater disorder of the cations and
vacancies in the tetrahedral sites. Single-phase B-LisAlO4 was obtained at R j;a> 10, which was higher than that for the
phase diagram of R ja> 5. This could also have been caused by the premature reaction and depletion of the Li
precursor in a gas phase. B-LisAlO,4 has a defective antifluorite structure (Pmmn; a = 6.42 nm, b = 6.302 nm, and ¢ =
4.62 nm), which is derivative form of the cubic antifluorite structure of Li,O. In the cubic antifluorite structure of Li,O,
Li-centered tetrahedra with O atoms occupying the face-centered sites form an edge-sharing network. Compared with
the crystal structures of Li,O, the structure of B-LisAlO, is analogous to that of Li,O. The substitution of Al ions by Li
ions at the center of the tetrahedra results in the formation of tetrahedral anion vacancies to satisfy charge compensation,
accompanied by orthorhombic distortion from the cubic symmetry. In this FE-SEM, the angles at the top of the
pyramidally facetedcolumnar grains were about 33° and 100°. y-LiAlO, has a wurtzite structure in a tetragonal symme-
try (P4,212; a =5.17 nm and ¢ = 6.295 nm) composed of Al- and Li-centered tetrahedral [23]. Each tetrahedron shares
one of its edges with another tetrahedron of different kinds and each vertex of every tetrahedron are shared with two
additional tetrahedra. The angles at the top of pyramidal facets were consistent with the dihedral angles composed of
{112} (100°) and {221} (33°) planes, as shown in Fig. 4 (b, ¢). Thus, the pyramidally faceted textures of (004)-oriented
grains could be caused ofthe preferential growth of the {112}and {221} planes of -LiAlO,.

ALl Pl L

Figure 4. FE-SEM imageof (004)-orientedy-LiAlO, film (a) and crystal structure of y-LiAIO, cleaved by {221} (b) and {112}
planes (c).
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4. Conclusion

v-LiAIO; films were prepared by laser chemical vapor deposition at Ty, = 1000-1300 K, Ryjjar = 1.0-10.6 and Py =
100-800 Pa. (004)-oriented films were deposited at higher Tge, and lower Ry while (110)-oriented films were
fabricated at relatively lower Tqe, and higher Ryija. (004)-oriented films consisted of columnar grains with pyramidal
caps. (110)-oriented films had granular and polygonal caps. The Rye, Of as-prepared y-LiAIO, films reached 60-90 m ht.
From structural analysis, the pyramidal grains of (004)-orientedy-LiAlO, films were caused of the preferential growth
along c-axis and low growth rate of the {112} and {221} planes.
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