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Abstract
ZnO thin films were grown on A103 single crystal substrates by pulsed laser deposition.

In photolwninescence (PL) measurements, strong emissions from ThA103 were observed with

the emission from ZnO when the film thickness was less than 0nm. The relationship

between the ZnO film thickness and the emission intensity from A.103 Was investigated in

order to determine the penetration depth of excitation light. Information on the

heterostructures; ranging from the surface to a depth of 300nm was obtained by PL

measurements in this study, and the absorption coefficient for a wavelength of 325nm was

estimated to be 131 X IO' cm-'.
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1. Introduction
Zinc oxide nO) is a 11 -VI semiconductor compound with a large band gap

3.4eV). It is an attractive material for many applications in optics and optoelectronics. For

example, since room-temperature lasing has been observed in ZnO thin films, the epitaxial

ZnO is a promising material for ultraviolet lasers[ 1], 2]. Because ZnO exhibits acoustooptical

properties, it is used as a basic material for integrated acoustooptical devices and surface

acoustic wave devices[3]. Doped ZnO layers can be used as transparent conducting windows

for optoelectronic; semiconductor devices.

A heterojunction is a key structure for constructing electronic and optical devices.

For instance, ZnO/(MgZn)O multiquanturn wells(4] and the p-n junction composed of

p-SrCU202/n-ZnO[5] have been fabricated for optical applications. In view of these

applications, there is a need for more data on optical properties of nO films grown on

various materials. The optical properties of ZnO thin films are determined from transmittance,
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reflectance and photoluminescence (PQ measurements. In a recent study, ellipsometry was

used to analyze the optical properties of nO films[6]. PL measurements are often used to

investigate the crystal quality of nO. In this study, the optical properties of ZnO films

grown on AI03 single crystals were investigated using PL measurements. AI0 is

perovskite-type rare-earth aluminate and is expected to be an efficient phosphor materia or

visible laser material. Strong 3+ ion emission (yellow-green) at room temperature has been

reported for AI03 single crystals[7]. In the case of PL measurements of nO/TbAI03

heterostructures, the emissions from AI03 are observed when the nO layer grown on

TbAI03 is very thin. In order to obtain accurate optical data on nO films, it is important to

estimate the penetration depth of excitation light. In this study, the nO films with various

thicknesses were grown on TbAI03 single crystal substrates, and the emission intensity of

TbAI03 was investigated using PL measurement in order to determine the penetration depth

of excitation light.

2. Experimental
The nO films used in this study were deposited by pulsed laser deposition (PLD on

'IbAI03 (001) single crystal substrates. AI03 is orthorhombic, with lattice constants of

a=0.5231mm, b0.5305nm and c0.7415nin[8]. The vacuum system was evacuated to -5.0
X 1,7 Pa. A pulsed Nd:YAG fourth harmonic laser L =255nm, t=5ns) beam was focused on

the sintered nO target 99.999%) with the energy density in the range of 1-2J/cm 2 and a

pulse repetition rate of IOHz. The films were deposited in an oxygen 99.9999%) partial

pressure of 13 Pa and the substrate temperature of 400'C was maintained during deposition.

Film thickness was determined by counting laser pulses. The growth rate was 0.01-0.02run

per pulse. After deposition, the films were cooled at 809C per minute at an oxygen

pressure of 13 Pa.

The films were characterized by X-ray diffraction XRD) and tapping-mode atomic

force microscopy (AFM). Photoluminescence spectroscopy was performed using a He-Cd

laser with an excitation wavelength of 325run as a light source. The laser power was

approximately 8mW

3. Results and discussion

All the films obtained in this study were colorless. Figure I shows the XRD pattern

of the nO film with a thickness of 400run. This film showed 0002) and (I 1 2 0) reflections

of ZnO along with 002) and 004) reflections of TbAI03. This indicates that a polycrystalline

ZnO film is grown on a TbAI03 (00 1) substrate. C-axis oriented film was not obtained. From

the AFM observation of this film, the surface roughness and grain size were estimated to be

about 25run and I 0rim, respectively

The PL spectra obtained from samples with various thicknesses are shown in Fig.2.

All the samples show a luminescence behavior with LJV emissions associated with nO and

green-yellow band emissions associated with TA103. The PL intensity associated with
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Fig. 1. XRD pattern of ZnO film grown on TbAI03 001) mbstrate.
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Fig. 2 PL spectra of ZnO films with 40, 60 and 70nm tcknesses grown on AI03

substrates. The UV emissions are from ZnO and the yeUow-green band emissions are

associated with TbAI03.

TbAI03 is strongly dependent on the nO layer thickness. The intensity of the green-yellow

emissions decreases with increasing nO layer thickness. This suggests that the nO layer

absorbs light energy and thus the intensity of the He-Cd laser beam that reaches the TbAI03

substrate decreases.

Figure 3 shows the relationship between the PL intensity of the peak at 543.6run

from the substrates and the ZnO film thickness. The peak intensity was normalized using the

peak intensity of the area where the ZnO layer was not deposited. When the film thickness

was 300run, the peak at 543.6nm was very slight. This indicates that the optical properties of

the film in the range of about 300nm from the surface can be determined from the PL

measurements.
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Fig.3. nO film thickness dependence of PL

intensity of the peak at 543.6nm from ThA103-

The absorption coefficient a is given by

I Io exp(- CX-X),

where Io is the intensity of a beam of light incident on an absorbing medium and I is the

intensity transmitted through a thickness x. The absorption coefficient of the nO film for

light with a wavelength of 325nm is determined from this equation by assuming the

following: (1) the emission intensity of TbA103 is proportional to the intensity of the He-Cd

laser beam that reaches the substrate; 2) the reflections at the interface are negligible; 3) the

absorption in the visible region by ZnO is negligible; 4) the UV eissions from the nO flm

do not excite the emissions from the substrate. The calculated absorption coefficient was 131

X 105 cm-'. The absorption coefficient obtained from the transmission and reflection

measurement was reported to be 1. 6 X IO' cm-'[9]. The finding that the absorption coefficient

is smaller than the reported value may be due to the influence of the excitation by the UV
emissions from the nO film. This approach is not appropriate for an accurate evaluation of

an absorption coefficient because many assumptions are required. It is considered that this

approach is effective for a rough estimate of the penetration depth of excitation light in PL

measurement.

4. Summary
ZnO thin films were grown on A103 single crystal substrates by pulsed laser

deposition. In PL measurements, strong emissions of TbA103 were observed with the

emission from nO film when the film thickness was less than IOOnm. The relationship

between the ZnO film thickness and the emission intensity from the substrate was

investigated in order to determine the penetration depth of excitation light. Information on

the heterostructures ranging from the surface to a depth of 0nm was obtained by PL

measurements in this study, and the absorption coefficient for a wavelength of 325nm was
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estimated to be 131 X 10 cm-'.
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