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Abstract

In this work, microstructural and optical characterization of single and multilayers of ZnO films intended for

thin film transistors is presented. ZnO films from one to five layers were processed by chemical bath deposition at 70°C
during 90 minutes to form each layer. After ZnO deposition, the films were annealed. Obtained films were characterized to
determine their microstructural evolution and optical behaviour. Under the experimental conditions, five different films were
obtained, but only, films with four layers presents potential to be considered as active layer in thin film transistors and
correspond to compact and uniform films with an appropriated optical behaviour.
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1. Introduction

Zinc oxide (ZnO) is a versatile semiconductor and an
important technological material with a direct wide band gap
of 3.37 eV at room temperature and a large excitation
binding energy of 60 meV. In addition, it exhibits near UV
emission, and it has transparent conductivity at room
temperature. Consequently, ZnO has been considered for a
broad range of applications, ranging from hydro-philic/
hydrophobic surface coatings, light emitting diodes,
varistors, and piezoelectric generators to gas sensors, and
more recently, in solar cells, transparent electrodes, acoustic
wave photonics, and electronics devices [1-6]. Our interest is
focused on ZnO thin films, because they hold potential in the
development of thin film transistors (TTFTs) owing to their
high optical transmittivity and high conductivity. ZnO has
been deposited by different techniques, such as: sol-gel,
chemical vapor deposition, and chemical bath deposition
(CBD). Nevertheless, CBD method has superior advantage
over other methods, since, it is very simple, it does not
re-quire sophisticated equipment, it uses low temperature,
and it has low cost of deposition method. Hence, the present
work focuses on microstructural and optical characterization
of single and multilayers of ZnO for TFTs active layers.
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2. Experimental Procedure

ZnO films were synthesized via chemical bath deposition.
Chemical bath for deposition of ZnO films were prepared in
a 100 mL volumetric flask, where 4 mL of 0.2 M zinc acetate,
5 mL of 1 M triethanolamine, and 2 mL of 0.1 M barium
hydroxide were placed. Then, deionized water was added to
complete 100 mL of the solution. Subsequently, the solution
was homogenized and placed in a beaker containing the glass
substrate or silicon at temperature of 70°C for 90 minutes.
After deposition, ZnO samples were removed and annealed
at 300°C during 10 minutes. Then, ZnO films were prepared
for their characterization by X-ray diffraction (XRD),
scanning microscopy (SEM), and UV-Vis spectroscopy.

3. Results and Discussion

3.1. Microstructural Characterization

Figure 1 shows a representative XRD pattern
corresponding to samples of ZnO processed by CBD.

Characterization by XRD of processed samples (Figure 1)
reveals the presence of the Zincita phase of ZnO (JCPDS No.
00-001-1136; zinc oxide; Hexagonal, a=b=3.242 A, c=5.176
A; and 36.496, 31.820, 34.331, 57.168). Figure 2 shows a
representative SEM image corresponding to samples of
single and multilayers of ZnO films processed by CBD.

According to these results, films with four layers (D)
present acceptable densification degree with a uniform,
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compact, and poor porosity on their surface. Films with one,
two, three and five layers are compound by particles with
poorly interconnected, as occurs in the first stages of sin-
tering process. Hence, the last mentioned films cannot be
considered for their application as TFTs active layers.
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Figure 1. XRD patterns of ZnO processed by CBD
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Figure 2. SEM photomicrograph of samples of ZnO films with mono- (a),
bi- (b), tri- (c), tetra- (d) and penta- (e) layers processed by CBD

3.2. Optical Behavior

Figures 3 and 4 show transmittance spectra of ZnO films.

Figure 3 shows a relationship between thickness (number
of layers) and transmittance. An increase in the number of
layers promotes a diminishing on the amount of light
transmitted.

The Tauc plots show that band gap values of ZnO films
with single and multilayers can be varied in the range of 3.50
and 4.06 eV, those values are in good agreement with those

reported in literature, since zinc oxide has a band gap value
of3.35eV.
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Figure 3. Transmittance spectra of samples of ZnO films with mono- (a),
bi- (b), tri- (), tetra- (d) and penta- (e) layers processed by CBD
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Figure 4. Tauc plots corresponding to samples of ZnO films with mono-
(a), bi- (b), tri- (c), tetra- (d) and penta- (e) layers processed by CBD

4. Conclusions

Architecture of single and multilayer annealed films of
ZnO have a strong influence on microstructural and optical
behaviors, achieving better results, as active material for
TFTs, with ZnO films formed by four layer.
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