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Abstract Zinc oxide is obtained by the sol-gel process.

The precursor solution was deposited on quartz substrates

by dip-coating. The as-deposited films are transformed into

nanocrystalline pure or aluminium-doped ZnO after ther-

mal treatment. The microstructure was studied by X-ray

diffraction and the nanocrystallite size was estimated using

Scherrer equation. The optical transmittance in the visible

region is between 83 and 91%. A direct absorption edge is

observed with bandgap energies between 3.27 and 3.31 eV

for the undoped samples, and between 3.30 and 3.35 eV for

the Al doped ZnO. These values correlate well with the

nanocrystal sizes following two different laws for the

undoped and doped samples, due to Moss-Burstein shift.

The visible transmittance also increases for higher bandgap

energies. The UV transmittance is greater than 50% due to

the small thickness of the films, which for the undoped

samples is proportional to the number of layers.

1 Introduction

ZnO based films are being actively studied [1–6] because

of their applications in solar cells [7, 8], gas sensors [9],

piezoelectric transducers [10], ultrasonic oscillators [11]

and for different optoelectronic applications [12]. This is

due to its novel nonlinear optical properties, excitonic

emission at room temperature and quantum size effect [13].

Besides their interesting optical, electrical and piezoelec-

trical properties, these materials exhibit a high chemical

and mechanical stability [9, 12, 14, 15]. One of its syn-

thesis methods is the sol-gel process, which is based on

hydrolysis and polycondensation reactions, and has

advantages over other processes because of its simplicity

and low cost equipment [16]. This paper is a report on the

synthesis and optical properties of nanocrystalline pure and

Al doped ZnO films prepared by a sol-gel dip coating

method [17, 18]. It is shown how the optical bandgap

depends on both nanocrystallite size and doping, and how

the transmittance in the visible region is related to the

crystallite size.

2 Experimental

2.1 Growth process

The precursor solution was prepared using zinc acetate

dihydrate as a starting compound, dissolved in ethyl alco-

hol. Deionized water and acetic acid were also added to the

solution. The precursor solution was aged at 65�C for 2 h.

In the case of the doped films, aluminium nitrate nanohy-

drate dissolved in H2O was added to a similar solution

before the ageing in an atomic ratio of Al/Zn = 5%. Lactic

acid was added dropwise as hydrolysis catalyst.
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