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Effect of Annealing Temperature
on Sputtered ZnO Thin Film

XU Yunyun, ZHANG Tao, LI Zhengming

Xuzhou Air Force College, Xuzhou 221008, Jiangsu

Province, China

Abstract Highly C-axis oriented nano—ZnO thin film was manufactured
by RF-magnetron sputtering technique on a normal glass base. The
influence of the heat treatment temperature on the ZnO thin film’s
morphology, microstructure and the residual stress is studied by the
Scanning Electron Microscope and X-ray diffraction apparatuses.

During the sputtering process, due to various factors, there may be
residual stresses in thin films, which are usually to be reduced by
heat treatment. It is shown that the films” quality can be
significantly improved by post—deposition heat treatment. With the
heat treatment, the crystal grains become larger, more compact and
better—proportioned. Therefore, the surface of the thin film becomes
smoother as well as with distinctly fewer holes. The spacing of
crystal plane (002) and the residual stress of all the samples are
clearly reduced, as compared with those ZnO samples not heat
treated. Firstly, the spacings of crystal plane (002) and residual
stresses are reduced when the heat treatment temperature is raised
and before it reaches the minimum at 450°C. Then, some of the
crystal grains grow excessively and the smoothness and the compact
level are reduced and the spacings of crystal plane (002) and the

residual stress are increased when the annealing temperature rises
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higher than 450°C. It is concluded that ZnO thin film’s surface
morphology microstructure and residual stresses are significantly
improved at the annealing temperature of 450°C , which is very
effective in the removal of the residual stress in thin films. Therefore
in the process of preparing ZnO thin films by magnetron sputtering
technique, oxygen could be introduced into the film by post —
deposition heat treatment in the ambient atmosphere.

Keywords ZnO thin film; Scanning Electron Microscope; X —ray

diffraction; heat treatment
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Fig. 1 Surface morphology of ZnO
thin film not annealed

Fig. 2 Surface morphology of ZnO
thin film annealed at 350C

Fig. 3 Surface morphology of ZnO
thin film annealed at 450°C
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Fig. 4 Surface morphology of ZnO (a ;b 450C )

thin film annealed at 550C

Fig. 5 The X-ray diffraction spectra
of ZnO thin film (a: not annealed;
b: annealed at 450C)

Fig. 6 Curve of (002) crystal plane
spacings versus annealing temperature
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Fig. 7 Curve of resident stress versus heat
treatment temperature of ZnO thin film
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Table 1 Spacings of crystal plane (002) and residual stress in ZnO film

T/ C 300 350 400

450 500 550 Bulk

d/10™"°m 2.614 18 2.613 09
—o/MPa 2.123 1.933 1.871
D/nm 43.560 40.586 40.987

2.612 73

2.611 26 2.611 53 2.614 75 2.602
1.661 1.836 2.223 =
40.989 41.603 36.490 —
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