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ABSTRCT
Zinc oxide (ZnO) has attracted a considerable number of researchers over the last two decades because, it is a promising
material for electronic and optoelectronic device application such as solar cells, photo-catalysis, surface acoustic
devices, piezoelectric transducers,  gas sensors, liquid crystal displays, heat mirrors, etc. The electrical conductivity of
zinc oxide depends on the carrier concentration contributed by oxygen vacancies or interstitial metal atoms in it.
Therefore, forming an n type semiconductor structure by doping boron, aluminium, gallium and indium is a recognized
method for improving the conductivity of zinc oxide. Aluminium doped zinc oxide is the most potential one over these
materials. In this paper, aluminum-doped zinc oxide thin films have been prepared onto glass substrates using a simple
chemical spray pyrolysis method. The structural and morphological characterizations of undoped and aluminium-doped
zinc oxide thin films were carried out using X-ray diffractometry (XRD) and scanning electron microscopy (SEM)
techniques.The structural study revealed that zinc oxide and aluminium-doped zinc oxide (2 at.% Al) thin films are
nanocrystalline in nature having hexagonal wurtzite structure with (002) preferred crystal orientation. The
morphological studies shows that the zinc oxide thin film shows porous surface with improved grain growth with rod-like
structure covering entire substrate surface area.
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1. Introduction
Zinc Oxide is an II–VI compound semiconductor, most of the group II–VI binary compound semiconductors
crystallize in either cubic zinc blende or hexagonal wurtzite (Wz) structure. It has a large excitation binding
energy of about 60 meV at room temperature and has a wide band gap energy of 3.37 eV [1]. This materialis
receiving considerable attention due to its broad rangeof applications such as optoelectronic devices,
transparent antireflectioncoatings for electrodes in solar cells, thin films, gassensors,varistors, spintronic
devices, surface acoustic wavedevices, light emitting diodes, and lasers [2-4].The conduction mechanism of
ZnO is to pass between the oxygen vacancy and interstitial zinc of the shallow donor levels. The ZnO
structure consists of one zinc atom and four oxygen atoms. Al atoms of Al-doped Zinc oxide replace zinc
atoms to provide more free electrons, and therefore increase the conductivity [5]. Aluminium-doped zinc
oxide (AZO) thin film can be deposited using various deposition techniques such as,spray pyrolysis method
[6], RF magnetron sputtering [7], pulsed laser deposition (PLD), molecular beam epitaxy (MBE), thermal
evaporation, metal-organic chemical  vapor  deposition  (MOCVD) [8], Sol gel method [9]etc.In the present
work it is planned to deposit doped and undoped zinc oxide thin films by simple, economic chemical spray
pyrolysis method and to study the effect of aluminium doping on structural and morphological properties of
spray deposited zinc oxide thin films.

2. Experimental details
Nanostructured zinc oxide and aluminium-doped zinc oxide thin films were deposited onto glass substrates by
using chemical spray pyrolysis technique at 573 K. It is a very simple and relatively cost-effective method for
preparing films of any desired composition under controlled conditions, involving the spraying of a solution
containing a soluble salt of the cation of interest onto a heated substrate.The precursor solution (0.1M) was
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prepared by dissolving Zinc Acetate compound [Zn(CH3COO)2.2H2O] in double distilled water and the
solution was stirred for 1 hour by a magnetic stirrer. For the purpose of Al doping, aluminum nitrate
(Al(NO3)3) was used as the dopant precursor. The Zn/Al ratio in the solution was selected as 98/2 at.%. This
solution was sprayed using compressed air as a carrier gas onto hot glass substrates kept at 573 ±5K
temperature. During the course of spray, other parameters viz. nozzle to substrate distance, spray rate, air
pressures etc. were optimized.

3. Results and discussion
3.1. Structural Analysis
The XRD pattern for undoped and aluminum-doped ZnO (2 at.% Al) thin films deposited at 573K onto glass
substrate is shown in figure 1. There are six orientation peaks that could be observed in the film, identified as
(100), (002), (101), (102), (103) and (201) orientation peaks at diffraction angle are 31.742, 34.513, 36.360,
47.561, 62.902 and 69.251 respectively. The analysis of diffraction peaks revealed that undoped ZnO exhibits
a hexagonal wurtzite structure, while the Al dopants replace the Zn lattice sites in aluminum-doped ZnO.

Fig.1: XRD pattern for Undoped and Al doped zinc oxide thin films

The hexagonal wurtzite structure was preserved with (002) preferred crystal orientation on the glass
substrates. The slightly higher diffraction angles were due to the smaller ionic radius of Al than Zn.

Table1. Comparison of observed and standard XRD data of ZnO thin films (JCPDS card 36-1451).
Film Observed data Standard data hkl phase

2θ(degree) d (A0) 2θ(degree) d (A0)

ZnO

31.742

34.513

36.360

47.561

62.902

69.251

2.801

2.589

2.332

1.890

1.441

1.333

31.770

34.422

36.253

47.539

62.864

69.100

2.814

2.603

2.475

1.911

1.477

1.358
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3.2. Morphology
The SEM micrographs of undoped zinc oxide and aluminium-doped zinc oxide (2 at.% Al)  thin films are
shown in figure 2. The undoped zinc oxide thin film shows porous surface with improved grain growth with
rod-like structure whereas for aluminium-doped zinc oxide thin film it was found that, the film surface is
dense and rough with no cracks or peels on it. In addition, the film surface shows wrinkle type structure at
some places, which makes it porous.The film surface shows uniform distribution of amorphous phase without
cracks covering entire substrate surface area.

Fig. 2. SEM images of undoped zinc oxide and Aluminium doped zinc oxide thin films

4. Conclusions
Nanostructured zinc oxide thin films were successfully prepared by chemical spray pyrolysis technique. The
effect of Aluminium doping on structural and morphological properties of spray deposited zinc oxide thin
films was studied. The structural study confirms that zinc oxide and aluminium-doped zinc oxide (2 at.% Al)
thin films are nanocrystalline in nature having hexagonal wurtzite structure with (002) preferred crystal
orientation. The morphological studies shows that the zinc oxide thin film shows porous surface with
improved grain growth with rod-like structure whereas for aluminium-doped zinc oxide thin film it was found
that, the film surface is dense and rough with no cracks or peels on it covering entire substrate surface area.
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