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Abstract

Zn14Ni, O thin films (nominal x=0, 0.01, 0.02, 0.04, 0.1 and 0.2) were synthesized on silicon substrates
through a sol-gel/dip-coating technique. Samples were studied by X-ray diffraction, scanning electron
microscopy, photoluminescence spectroscopy, Rutherford backscattering spectrometry and depth-profiling X-
ray photoelectron spectroscopy. The results from X-ray diffraction show growth in the wurtzite crystal
structure for all samples, with cubic NiO being detected as a secondary phase for x = 0.2. While for x = 0
(pure Zn0O) no texture is present, for 0°< x < 0.1 strong preferential crystallization along the c-axis is
observed. A tendency for Ni diffusion towards the film/Si substrate interface was observed. The formation of
substitutional Zn,Ni;O solid solution-for 0.01 < x < 0.04 is suggested by the results. Photoluminescence
spectra exhibit strong near band‘edge UV emission and suppression of deep defect-related emission in the
visible upon Ni*? incorporation into the ZnO lattice. As in pure ZnO, the UV emission in ZnNiO at room
temperature is dominated by the first two phonon replica of the excitonic emission, however the LO phonon
energy (fim.o) is reduced by up to ~ 15 meV in the 0 < x < 0.04 range. Due to this reduction of 7m0, the
exciton-phonon coupling- increases, in consistency with a corresponding expected increase of the Fréhlich
coupling constant with decreasing %, o.

Keywords: Sol-Gel synthesis; Zn;NiO; Rutherford Backscattering; Depth-profiling X-Ray Photoelectron
Spectroscopy; Electron-phonon coupling; Frohlich interaction.

1. Introduction

Nanostructured ZnO films are being intensively studied due to their important
technological applications [1], including UV light sensors [2], transparent electrodes for
solar cells [3] and chemical sensors [4]. In addition to being a wide band gap

semiconductor (~ 3.37 eV), ZnO exhibits an exciton binding energy of 60 meV, i.e. much
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