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ABSTRACT

Zn0 precursor solutions were synthesized by sol-gel technique. Microstructure and residual stress of
the ZnO thin films were examined as a function of temperature and film thickness. ZnO thin films
were grown on glass substrate using sol-gel dip-coating method and annealed at various
temperatures (500-700° C) for 30 min under air. Residual stress for ZnO /glass substrate was
determined analytically. The structure of thin films were characterized by X-Ray diffraction. The
surface morphologies and microstructure of ZnO samples were investigated by Scanning Electron
Microscope.
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1. INTRODUCTION

ZnO-based nano materials are widely used in many commercial and technological applications such
as optoelectronics, cosmetics, surface acoustic wave devices, spintronic, varistors, and biomaterials
[1-6]. Therefore, many researchers focuses on the new properties of ZnO nano materials depending
on synthesizing conditions using many methods. Among these methods the Materials synthesis by sol
gel method exhibits formation of cracks because of annealing temperature. It is necessary to figure
out the effect and formation of cracks so that a batter coating could be made. Therefore to understand
the residual stresses is essential.

The aims of this study are to investigate characterization and processing parameters of ZnO thin films
on glass substrate and to calculate analytically residual stresses for the homogeneous ZnO thin films.

2. EXPERIMENTAL PART
ZnO solutions were synthesized by sol-gel technique using the chemicals, Zinc acetate dehydrate
(Fluka), methanol (CH;0H) and monoethanolamine (MEA, C,H;NO) were used to obtain clear
homogeneous solutions. Glass substrate were dipped into the ZnyO solution and then pulled through
the vertical furnace. The further details of preparation procedure of ZnO thin films were clearly
detailed in the literature [1-5].
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Phase identification of ZnO samples was revealed by Rigaku diffractometer with Cu K, radiation
(A=1.5418 A) for 20 scan between 10 and 90 degrees. Sample morphologies were investigated by
means of monitored images with the model of JEOL, JSM-5910LV scanning electron microscope
(SEM) tool.

3. RESULTS AND DISCUSSION

3.1 Structural Analysis

X-ray diffraction of ZnO thin films deposited by sol-gel dip coating technique at 600°C was observed
in Fig. 1. The pattern is identified to be a single phase ZnO with wurtzite hexagonal structure.
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Fig.1 The x-ray diffraction patterns of the ZnQO thin film for thickness 207nm.

Crack-free, smooth, pinhole-free, dense and uniform thin films are grown on glass substrate by sol—
gel dip coating process. Figs. 2a, and 2b show the SEM surface morphology of ZnO thin film. The
thin films depict smooth, dense and crack and pinhole free surface. The thickness of the the thin film
was approximately 207 nm as shown Fig 2c.

3.2 Thermal Stress of ZnO/Glass substrate

Thickness of thin film in the top and bottom of substrate illustrated in Fig. 3. As shown in the Fig. 3,
the width of ZnO/Glass substrate system is very long than the thickness [7-9], So the stress
components in the middle of system was calculated as a thick plate. The residual stress analysis for
glass substrate with layers (ZnO) in the middle can be analyzed considering stress components are
completely free of surface traction [10]. The further details of calculation of the residual stress
analysis were clearly detailed in the previous studies [7-9].
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Fig. 2: SEM micrographs of a) and b) ZnO, c) Cross-section SEM micrograph d) EDS of ZnO film
on glass substrate.

Table 1 Variation of stress components

Oxx—0,,(GPa) Oxx—0.,(MPa)
ZnO Thin Film Glass Substrate
Film thickness (nm) 500°C 600°C 700°C 500°C 600°C 700°C
124 0.22 0.26 0.31 -0.05 -0.06 -0.07
207 0.22 0.26 0.31 -008 -0.1 -0.12
348 0.22 0.26 0.31 -0.015 -0.18 -0.22

The stress component are calculated for ZnO/glass substrate system as a function of temperature
between (500° C, 600° C, and 700°C), film thickness (124nm, 207nm and 348nm) and substrate
thickness 0.1 mm. Determined values of stress components, 0,.,. = g, are given in Table 1. As seen
from Table 1 stress component values of glass substrate are compressive, but stress component values
of thin films are tension.
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Fig. 3 Section of Glass substrate and ZnO

4. CONCLUSIONS

ZnO thin films were prepared on glass substrate by using a sol-gel technique. Residual stress analysis
and microstructure of ZnO thin films on glass substrate are examined as a function of film
thicknesses and temperature. It is found that stress component values of glass substrate are
compressive, but stress component values of thin films are tension, so we conclude that ZnO thin
films could be prepared by using sol-gel dip coating technique.
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