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ABSTRACT
An anatase epitaxial thin film with diverse epitaxial relationship, YSZ (001) H anatase

(001), YSZ (010) H anatase (110), was grown on a single crystalline yttrium stabilized

zirconia (YSZ) (001) substrate by metal organic chemical vapor deposition (MOCVD). The

full width at half maximum (FWHM) of the 004) reflection of this anatase epitaxial film

was 04 , and the photoluminescence of this anatase epitaxial film showed visible emission

with broad spectral width and large Stokes shift at room temperature. These results indicate

that this anatase epitaxial film possessed almost equal crystalline quality compared with

that grown under identical growth conditions on single crystalline SrTiO3 substrate.
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1. Introduction
Anatase, the one of the polymorphs of TiO2, has attracted much attention as a

photocatalyst, and has been put to practical use as anti-bacterium tile etc. On the other hand,

the understanding of anatase as a semiconductor material is not satisfactory because of the

difficulty in fabricating high quality single crystalline anatase samples. Though the
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of the single crystalline anatase using a chemical transport reaction method was reported[ 1],

it is quite difficult to fabricate single crystals without contamination using this method.

Recently, the technique of growing high quality single crystalline anatase films was

established by making good use of the heteroepitaxial technology and made it possible to

get large area single crystalline anatase samples. SrTiO3(001) has been widely used as a

substrate material for epitaxial growth of anatase[2-4]. Because of the small lattice

mismatch between SrTiO3(001) and anatase(OO I) 3%), anatase were grown on SrTiO3

substrate with the epitaxial relationship of SrTiO3(001)//anatase(001),

SrTiO3(1 00)Hanatase(l 00). On the other hand there have been reports on anatase epitaxial

film grown on yttrium stabilized zirconia (YSZ) substrate to the best of our knowledge. It is

important to confirm the epitaxial relationship of anatase film grown on YSZ substrate

since the lattice mismatch between anatase and YSZ is much larger than that between

anatase and SrTiO3 and a polycrystalline film growth can also be expected. Therefore, in

this study, we synthesized TiO2 films on both substrates under the same conditions and

evaluated the films using x-ray diffraction (XRD) and photolurninescence.

2. Experiments
The 2 films were synthesized on the optically polished (001) plane of yttrium

stabilized zirconia (YSZ) and strontium titanate (SrTiO3) single-crystalline substrates using

a metal organic chemical vapor deposition (MOCVD) apparatus. The substrates were

ultrasonically cleaned with alkaline lotion (SEMICO-CLEAN) and then with

deionized-water for 10 minutes, and finally annealed at 1000 C in an oxygen atmosphere

for two hours in order to get atomically flat surface. The metal-organic source used in this

study was Ti(i-OPr)2(DPM)2, where (DPM)=(CIIH,902). This metal-organic source was

contained in an evaporating dish placed in a vessel and kept at I I OOC during the deposition.

The source gas was carried into the reaction chamber using a carrier gas (Ar: 10 sccm). The

temperature of the induction pipe was kept at 260 C. The total pressure in the reaction

chamber was kept at I Torr. The growth rates of these films were about 3 nm min. The

synthetic temperature was 750 C. The oxygen flow rate was 150sccm.

The crystal structures of deposited 2 films were identified by standard 020 scan

XRD. The w-rocking curves for 004) diffraction peak of anatase films were measured for

the purpose of the evaluation of the crystalline quality. Pole figure XRD was carried out in

order to investigate the epitaxial relationships between anatase thin films and their

substrates. The 105) diffraction of anatase films, the 440) diffraction of YSZ substrate arid

the 204) diffraction of SrTiO3 substrate were investigated. The thicknesses of both anatase

films were measured by Fourier analysis of interference structure in x-ray specular

reflection from film[5] and were unified to 250mn. These XRD measurements were carried
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out using Materials Research Diffractomater system (MRD: Philips Co. Ltd.) and the

incident x-ray beam was monochrornized by a channel cut analyzer composed of two Ge

single crystals in order to get the single profile of Cu Kai radiation.

Photoluminescence of anatase films at room temperature was measured by using a

photoluminescence measurement system (RPM2000: ACCENT OPTICAL Co. Ltd.). A

325 nrn line of He-Cd laser (3.815eV) was employed as an excitation light source and

luminescence spectra were measured by monochromator with CCD detector.

3. Results and Discussion
Fig.1 shows the standard 0/20 scan XRD of O2 films grown on YSZ (001) (a) and

SrTiO3 (001) (b) substrates. In addition to the peaks due to the substrates, only the

diffraction peaks assigned to the anatase (000 could be observed, indicating that these films

possessed -axis orientation normal to the substrates surface. The insets of the fig. I (a) and

(b) show the co-rocking curves of the 004) reflection of these anatase films; the both

FWHM are 04 . These narrow co-rocking curves suggest that the c-axes of these anatase

films are well oriented normal to the substrates. Furthermore, it is confirmed that these

anatase epitaxial films possess almost equal crystalline quality.

Fig.2 shows the results of pole figure XRD of anatase films and their substrates. The

(105) diffraction of anatase films, the 440) diffraction of YSZ substrate ad the 204)

diffraction of SrTiO3 substrate were investigated. The spots of (105) diffraction of both

anatase films show a clear fourfold rotation symmetry, suggesting that these anatase films

possess an excellent in-plane orientation.' In the anatase film synthesized on SrTiO3

substrate, the (105) spots of the anatase film appear in the same rotation angle as the 204)

spots of the SrTiO3 substrate, which indicate that the epitaxail relationship between anatase

film and SrTiO3 (001) substrate is

Anatase (00 I)HSrTiO3 (00 1) and Anatase (I OO)HSrTiO3 (I 00).

On the other hand, the (105) spots of the anatase film grown on the YSZ substrate are

observed at the position rotated from the 404) spots of the YSZ substrate by 45 This

result indicates that the anatase film grown on YSZ substrate possesses the diverse epitaxial

relationship and this relationship between anatase film and YSZ substrates is

Anatase (00 1)//YSZ (00 1) and Anatase (I 00)//YSZ (I I 0).

This epitaxial relationship can be easily understood based on the lattice orientation

relationship illustrated in Fig. 3 The diagonal of anatase a-axis (0.5353nm) is in good

agreement with lattice constant of YSZ substrate (0.5139nm) and the lattice mismatch is

4%.

Fig.4 shows the photoluminescence results of anatase epitaxial films grown on YSZ

(001) and SrTiO3 (001) substrates. These photoluminescence are similar in being broad and
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showing large Stokes shift. The origin of this photoluminescence has been attribute to be

the self-trapped excitons[6].

These XRD and photoluminescence results indicate that the anatase epitaxial film

grown on YSZ substrate possesses almost equal crystalline quality compared with that

grown on the M03 substrate.

4.Conclusion
A high-quality crystalline anatase thin film was heteroepitaxaily grown by metal

organic chemical vapor deposition on single crystalline YSZ (001) substrate. This anatase

epitaxial film possessed the diverse epitaxial relationship; YSZ (001) H anatase (001), YSZ

(010) H anatase (110), and the almost equal crystalline quality compared with that

synthesized under the equal condition on single crystalline SrTiO3 substrate.
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Fig. XRD patterns of anatase epitaxial films grown on YSZ 001) (a) and SrTiO3 001) (b)

substrates. The insets show the results of co-rocking curve measurements for anatase 004),

and their FWHM are 04
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(a) anatase(103) (b) SrTiO3(204)

Jv

(c) anatase(I 03) (d) YSZ(404)

Fig.2 Pole figure for 103) diffraction of anatase films synthesized on SrTiO3 (a) and YSZ

substrate (c) and SrTiO3(204) (b) and YSZ 404) (c).

- 255 -



JAERI-Conf 2003-001

Anatase(001) - I

ST
..... YSZ

20%

d)

YSZ(001) CL

1.5 20 25 30 35
:0 :Ti

0 Photon Energy [eV]
Fig.3 Schematic drawing of the epitaxial Fig. 4 Photoluminescence spectra of anatase

growth pattern of anatase(001) on films synthesized on single crystalline YSZ

YSZ(001). (001) and SrTiO3 (001) substrates.
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