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Oxidation and nitridation of silicon surface by high-density

inductively coupled plasma 
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Fabrication of high quality thin and ultra-thin dielectric films using

low-temperature methods is one of the important demands of modern

technology in microelectronics. In this paper, growing silicon oxide and

silicon oxy-nitride films was performed in plasma-chemical reactor with a

wide aperture source, providing a high density of active specimens (up to

10

11

 ÷ 10

12

 cm

-3

) having low energy (less than 4 ÷ 6 eV), as well as good

uniformity of film thickness within large spatial area. Temperature of Si

substrates was varied in the range 300 ÷ 500 K; excitation MW-power was

300 ÷ 700 W. The treatments of the substrate surfaces were carried out in a

plasma of pure oxygen (or nitrogen) with the addition of inert gas (if

needed), without any other precursors. Control of parameters of

technological processes and properties of the films were carried out using

the methods of Atomic Emission Spectroscopy, Spectral Ellipsometry,

IR-Spectroscopy, Ultra-soft X-ray Emission Spectroscopy, CV-Characteristics

and others. A pronounced effect was observed – the rate of oxidation was

strongly dependent on the presence of helium in plasma ambience. The

effect is explained by the catalytic action of optical emission from helium

plasma on the oxidation reaction front near the silicon-silicon oxide

interface. Electro-physical properties of oxide films grown using a helium

plasma, are equal to the properties of stoichiometric SiO

2

 and their quality

approaches to the quality of the best thermal oxide films. Treatment of

silicon surface in a plasma of pure nitrogen (in the presence of residual

oxygen pressure) allow to yield silicon oxy-nitride film with a refractive index

1.7 ÷ 1.8 and a thickness of 60 ÷ 70 nm. These values of oxy-nitride film

thickness are much greater than known from literature data. The

mechanism of films growth and possible reasons of noted differences are

discussed.
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