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Abstract

The properties of high valence difference W doped ZnO films (WZO) are investigated by means of plane wave pseudo-potential
method based on the density-functional theory (DFT) and pulsed DC magnetron sputtering technique. The theoretical result shows after
incorporation of W the Fermi level enters into the conduction band, showing that a typical n-type metallic characteristic and the optical
band gap E; increase significantly. The carriers originate from the orbits of W 5d, O 2p and Zn 3d. Moreover, the increase of the
lattice constant is due to the longer bond length of W-O and lattice distortion. The experimental results demonstrate that the deposited
WZO film grows preferentially in the (002) crystallographic direction but the lattice constant increases. The resistivity decreases from
1.35 x 1072 Q-cm to 1.55 x 10~3 Q-cm and the optical bandgap extends from 3.27 eV to 3.48 eV compared with those of ZnO. The
average transmittance is over 83 % in a wavelength range from 400 to 1100 nm. The experimental results are in good agreement with

the theoretical results, showing that the WZO thin film has a great potential application as transparent conductive oxide.

Keywords: WZO film, first principles, magnetron sputtering, solar cell
PACS: 78.55.Et, 71.15.Mb, 81.15.Cd, 88.40.H—

% Project supported by the High Technology Research and Development Program of China (Grant No. 2009AA050602), the National Basic
Research Program of China (Grant Nos. 2011CBA00706, 2011CBA00707), the National Natural Science Foundation of China (Grant No.
60976051), the International Cooperation Project between China-Greece Government (Grant No. 2009DFA62580), the Program for New Century
Excellent Talents in University of Ministry of Education of China (Grant No. NCET-08-0295), the Ministry of Education Key Laboratory of
Topics (Grant No. 2011KFKTO06) and the Fundamental Research Funds for the Central Universities of Ministry of Education of China (Grant
No. 65011981).

1 E-mail: carolinehq@gmail.com

1 E-mail: xdzhang@nankai.edu.cn

137801-6



