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A possible new mechanism for glow discharge plasma nitriding
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A new mechanism for glow discharge plasma nitriding (GDPN) is reported in this paper.

The proposed mechanism considers the role played by energetic nitrogen molecules

generated by charge exchange collisions inside sheath region and the effect of

hydrogen in GDPN. The model predicts the velocity distribution of ions and neutrals at

the cathode and in GDPN conditions, energetic nitrogen molecules contribute more

than 90% of the energy and mass transport to the cathode. In GDPN conditions,

energetic nitrogen molecules reach the cathode with translational energy between 30

and 7 eV. The sticking coefficient, increases from 10

-6 

for 0.09 eV to 0.1 for 4.3 eV. An

invasive locally resolved optical emission spectroscopy shows that in the negative glow

region, molecular nitrogen ions and molecular hydrogen ions are the dominant species,

and they are transported from the plasma to the cathode. The decrease in local

intensity of these atomic lines with hydrogen composition suggests that the effect of

hydrogen is to enhance the sticking/adsorption of nitrogen on the cathode surface. On

the basis of these results we propose a three step mechanism; (a) molecular nitrogen

ions are the main specie in the negative glow region and is accelerated to the cathode.

These ions generate energetic nitrogen molecules by charge exchange collisions.

These ions and energetic molecular nitrogen undergo dissociative recombination on

reaching cathode producing atomic nitrogen. (b) Physisorbed atomic nitrogen will

re-associate to form molecular nitrogen and get desorbed from the cathode surface. In

the presence of hydrogen, there is a decrease in work function of iron, which results in

increase of chemisorption of atomic nitrogen. (c) Depending on substrate temperature,

chemisorbed atomic nitrogen diffuses into cathode sub-surface. Hydrogen further

enhances diffusion of atomic N by removal of oxide layer barrier by chemical etching.
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