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Abstract
Amorphous ZnO thin film on soda–lime–silica glass substrate was prepared by the sol–gel process at low-temperature processing, i.e., 100 8C.

No distinct grain structure was observable in the surface of the film. The photoluminescence spectrum of the ZnO thin film with an intense near

band edge emission was observed while the defect-related broad green emission was nearly quenched.

# 2007 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

The most unique property of ZnO is its large exciton binding

energy of 60 meV, which is much larger than those of GaN

(24 meV), ZnSe (19 meV) and ZnS (39 meV) [1]. Owing to

these properties, ZnO is considered as a promising material for

light-emitting devices and semiconductor lasers with low

thresholds in the ultraviolet (UV) region.

Using molecular beam epitaxy (MBE), rf magnetron

sputtering, metal organic chemical vapor deposition (MOCVD)

and other methods, high quality ZnO layers have been grown

and their structural and optical properties have been extensively

studied [2–5]. However, most of the reports on the UVemission

of ZnO films have been concentrated on high-vacuum processes

which are very expensive method from the viewpoint of system

and source materials. To meet the industrial needs for the

commercially available ZnO devices, the easier and cheaper

deposition methods for the ZnO film should be developed. Sol–

gel process is another attractive technique for obtaining thin

films and has the advantages of easy control of the film

composition and easy fabrication of a large-area thin film at low

cost [6–9]. Until now, however, very few reports on the
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fabrication of ZnO film with a single violet emission by sol–gel

have been published [10].

In this work, we first report a simple and efficient method to

prepare amorphous ZnO thin films with intense UVemission on

soda–lime–silica glass (SLSG) substrate.

2. Experimental

A homogeneous coating solution was prepared by mixing

Zn acetate [(CH3COO)2Zn�2H2O] and 2-methoxyethanol

(HOCH2CH2OCH3). Since Zn acetate has a low solubility in

2-methoxyethanol, 2-aminoethanol (H2HCH2CH2OH) (MEA)

was added to obtain clear solution (concentration: 0.6 mol Zn

acetate/L 2-methoxyethanol). The molar ratio of MEA to Zn

acetate was fixed at 1.0. The mixing solution was stirred for 2 h

to obtain a homogeneous sol.

The starting solution was spin-coated onto the cleaned

substrate (25 mm � 25 mm � 1.7 mm) at 4000 rpm for 10 s in

air. The as-deposited film was prefired at 100 8C for 10 min in

air. The coating process was repeated 13 times to prepare a

thick coating. Then the final annealing was performed in air at

100 8C for 60 min.

The crystallinity of the film was investigated by using a high

resolution X-ray diffraction (HRXRD, X’pert-PRO, Philips,

Netherlands). The thickness of the ZnO film was approxi-

mately 0.5–0.7 mm, as determined by observations of fracture
d.
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Fig. 1. (a) HRXRD spectra and (b) FE-SEM image of the ZnO thin film on

SLSG substrate.

Fig. 3. Room-temperature PL spectrum for the ZnO thin film on SLSG

substrate heat treated at 100 8C.
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cross-sections with field emission-scanning electron micro-

scope (FE-SEM). The surface morphology of the film was

evaluated from a FE-SEM and a scanning probe microscope

(SPM, PSIA, Republic of Korea). Room-temperature photo-

luminescence (PL) spectra of the sample were measured by

micro-PL system (LabRamHR, Jobin Yvon, France) using

325 nm line of a He–Cd laser as the excitation source.

3. Results and discussion

Fig. 1(a) shows the XRD curve of ZnO thin film deposited on

SLSG substrate. The film shows an amorphous pattern.

Fig. 1(b) shows the FE-SEM photograph of the ZnO film after

heat treatment at 100 8C. Particulate structure is indistinct.

Crack-like texture and pores were unable to see on the surface

of the film. There is no evidence of aggregation of particles.
Fig. 2. SPM image for the film
Fig. 2 shows typical SPM micrograph (1 mm � 1 mm) of the

ZnO thin film obtained at 100 8C. To obtain more exact

roughness data, we performed five analyses at different area per

each sample. We can observe relatively regular and uniform

surface structure of the film.

The PL spectra at room temperature of amorphous ZnO thin

film on SLSG substrate obtained by pyrolysis and annealing at

100 8C is shown in Fig. 3. In the PL spectra, an intense near-

band-edge (NBE) emission is seen. This NBE peak has been

previously attributed to the emission from free exciton in the

literature [11]. A faint defect-related broad green (deep-level)

emission is seen. The origin of the green luminescence is still in

dispute, but it is usually attributed to emission related to grain

boundary defects and other interior defects such as oxygen

vacancy (VO) and impurities [12].

Apparently, for the film annealed at low temperature,

100 8C, the FWHM value of the PL spectrum curve was about

50 meV and this value is believed to be comparable with any

previously reported values of ZnO films prepared by the sol–gel

process.
after annealing at 100 8C.
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The PL spectrum of amorphous ZnO thin films with intense

UV emission was observed while the visible emission was

nearly quenched. The features can be explained reasonably by

Wang et al. as follows [10]: (i) the higher degree of disorder

likely leads to intensity emission stronger than that of

crystalline ZnO. (ii) Quantum confinement effects (QCE)

occur when the particle radius is of the order the exciton Bohr

radius (1.8 nm, ZnO).

It is well understood that PL spectra depend on the

stoichiometry and the microstructure of the film. Therefore,

these results indicate that the obtained amorphous ZnO films at

low temperature are well close to stoichiometry and of

optically high quality. Our findings show that the ZnO films

prepared by sol–gel route at 100 8C can be one of the promising

candidates for the UV optical devices on flexible plastic

substrates.

4. Conclusions

In this study, amorphous ZnO thin film was grown on

inexpensive SLSG substrates using a sol–gel process. From

XRD analysis, the film exhibited an amorphous structure. From

the PL measurement, an intense NBE emission was observed,

while the deep-level emission is obviously faint. These results
indicate it should be possible to cheaply and easily fabricate

ZnO-based optoelectronic devices at low temperature, below

100 8C, in the future.
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