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Abstract: Silicon dioxide (SiOy) is one of the most widely used in various optical system as film material. The mi-
cro-structure and defects of SiO; films are of great importance to the functions and performance of these optical
systems. In this paper, the absorption edge characteristics of single layer SiO; films prepared by electron beam
evaporation, ion assisted deposition, and magnetron sputtering are investigated in detail via calculating their ab-
sorption edge spectrum, which is divided into three regions: the strong absorption, exponential absorption, and weak
absorption regions. The bandgap, Urbach tail, and concentration of oxygen deficiency centers (ODC) are obtained
by analyzing the measured absorption spectrum. By analyzing the bandgap, Urbach tail, and ODC data of SiOx films
prepared with different deposition techniques and annealed at different temperatures, the atomic arrangement as
well as micro-defect information of SiO, films are obtained and compared. Such information of SiO; films are im-
portant to the preparation of high-performance optical coatings employing SiO, as the low refractive index material.
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The absorption spectra of three SiO, film samples and the substrate

Overview: Silicon dioxide (SiO,) is one of the most widely used in various optical system as film material. The mi-
cro-structure and defects of SiO, films are of great importance to the functions and performance of these optical systems.
The absorption edge spectrum of thin film was calculated by measuring the ultraviolet spectrum curve of SiO, thin film
sample. By analyzing and calculating the strong absorption, exponential absorption, and weak absorption regions in the
absorption edge spectrum of SiO, thin film, the data of the bandgap, Urbach tail energy, and concentration of oxygen
deficiency centers ODC(I) can be obtained. Based on the relationship of these experimental data to thin film mi-
cro-structure and defects, information about the atomic arrangement structure and microscopic defects of SiO, thin
film can be learned. In this paper, SiO, films were prepared by electron beam evaporation, ion assisted deposition and
magnetron sputtering. The data of the bandgap, Urbach tail energy, and ODC(I) content of raw films and films an-
nealed at different temperatures were obtained by measurement, calculation and analysis. These data are used to under-
stand the atomic arrangement structure and microscopic defects of SiO, films prepared by different coating technolo-
gies and at different annealing temperatures. The structural disorder in electron beam evaporation SiO, films is the most
serious, followed by the magnetron sputtering SiO, films, and the ion assisted deposition SiO; films have the least struc-
tural disorder. Conventional annealing temperatures treatment cannot reduce the structural disorder of SiO, film, and
the structural disorder of all the films is much more serious than that of bulk quartz glass. The SiO, films prepared by
these deposition techniques are non-stoichiometric, and the electron beam evaporation SiO, films are the most severe
non-stoichiometric ones. Ion assisted deposition can significantly reduce the non-stoichiometric of SiO, films. Anneal-
ing can also reduce the non-stoichiometric of SiO, films. The defect of ODC(I) is the most in electron beam evaporation
SiO; film, and the least in ion assisted deposition SiO, film. Annealing can significantly reduce the ODC(I) of electron
beam evaporation SiO, film. The best performances of the structural disorder, non-stoichiometric and ODC(I) content
of SiO; films were achieved by ion assisted deposition. Thermal annealing could not change the structural disorder of
SiO; films, but it preferred to improve stoichiometry and decrease ODC(I) defects in SiO; films. Such information of
SiO; films are important to the preparation of high-performance optical coatings employing SiO, as the low refractive
index material.

Citation: Kong M D, Li B C, Guo C, et al. Characterictics of absorption edge of SiO, films[J]. Opto-Electronic Engineer-
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