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1. INTRODUCTION

Great efforts for increasing nitrogen content in
carbon nitride films are being made in order to riove
their properties. This aim may be achieved by deiege
in the knowledge of the deposition mechanism of the
process (1,2). In this work, different activation
mechanisms for methane molecules, depending on gas
mixture composition, during ECR-CVD carbon nitride
formation process are proposed.

2. EXPERIMENTAL

Carbon-nitrogen films were deposited by ECR-
CVD from Ar/N,/CH, gas mixtures. CHwas supplied
downstream the discharge zone. (Xdrtial pressure was
kept always constant, varying either nitrogen @nes 1)
or argon (in series 2) pressure. Profilometry (@kkt
3030) and Energy Dispersive X-ray Analysis (EDAX)
(Rontec 501) have been used for thickness and
composition measurements and Optical Emission
Spectroscopy (OES) for plasma analygEG& G Princeton).

3. RESULTS AND DISCUSSION

In figure 1, the increase of the growth rate with t
[CH4)/([N]+[Ar]) ratio, for the studied series, is shown.
For low ratios ([CHJ/([N,]+[Ar])<0.095), the detected
low growth rate, likely due to etching processes by
nitrogen atoms (1,2), varies similarly for both issr
Thus, in this range it may be considered that the
activation agent of methane molecules does notctaffe
appreciably the deposition proce€n the contrary, for
higher [CH]/([N 2]+[Ar]) ratios (>0.095), the variation of
the deposition rate is clearly different, dependimgthe
[No)/[Ar] ratio in the gas mixture. In mixtures with
[N2]/[Ar]>3, the deposition rate sharply increaseshwifte
[CHA/(INJJ+[Ar]) ratio, likely because methane
molecules are predominantly activated by the, ijonitg,
nitrogenated species. However, for JffAr]<3, the
deposition rate reaches a saturation value ([Ar}JEBI
argon species being the main activation agent)is It
important to point out that the decrease in thewjnaate
coincides with the nitrogen enrichment of the filnas
measured by EDAX.

In OES spectra, the peaks at 359 nmp) ((8) and
811.8 nm (Ar(l)) (4) correspond to the main spebiemg
able to activate methane molecules. Figurgrzaents the
variation of the (/14 ratio with the methane content in
the gas mixture for both series of experimentsanalgh
evaluation of the main methane activation agent lwan
made. As observed in the figure, the/I{{) ratio
increases (series 2) or decreases (series 1) dogasing
[CH4)/(IN J]+[Ar]) ratios. Therefore, for low nitrogen or
high argon contents in the gas mixture, methane
molecules are mainly activated by argon speciesgehier
in the opposite (i.e. high nitrogen or low argomtemts)
the principal activation agent is nitrogen. Alsorfr OES
spectra, in figure 2b it can be seen that the eomssgnal

of atomic nitrogen (868 nm) becomes higher with the
increase of nitrogen as well as argon content engas
mixture. The enhancement of surface etching presess
by atomic nitrogen accounts for the low depositiates
detected.

4. CONCLUSIONS

High nitrogen content carbon nitride films have
been deposited by ECR-CVD from ARH, gas
mixtures. From the results about the deposition eatd
composition of the films as well as OES analysis f
different gas mixtures, we find that, at the coiodis of
this work, :i) Methane molecules, introduced doweesin
the discharge zone, may be activated by nitrogdnate
and/or argon species, previously excited, dependimg
the NYAr ratio ii) Two processes should be considered
during the deposition of carbon nitride films: The
formation process, mainly regulated by methane
molecules activation, and the etching process obted
by the atomic nitrogempresent in the plasma during the
process.
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Figure 1.- (&) Growth rate of CNfilms for different
[CH4)/([N5]+[ATr]) ratios: seriesM)1 and &)2.
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Figure 2.- (&) OES intensity ratio (/I o) and (b)
Normalized 868 nm peak for different [GJH[N 5] +[Ar])
ratios: seriesl)1 and §&)2.



