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Optimisation of the atomic nitrogen production in the hollow cathode arc
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In nitriding processes gas discharges are often equipped for the generation of atomic

nitrogen. From the theory it is known, that low-pressure, high-density discharges are

preferred to achieve high dissociation degrees in nitrogen. Here, a plasma source for

the effective production of nitrogen atoms will be presented. The source is based on a

dc high-current discharge utilizing the hollow cathode arc effect – the hollow cathode

arc (HCA).

Measurements were performed in the HCA discharge in Ar/He, Ar/N

2

, N

2

/He mixtures at

gas pressure 0.3 – 2.5 Pa. With Langmuir probes and optical spectroscopy, we studied

the influence of magnet field on electron temperature, the local dependence of the

electron density and the dissociation degree of nitrogen molecules. The electron

energy distribution function (EEDF) was derived from Langmuir probe measurements

as well as from spectroscopic measurements and both results were compared. The

form of the EEDF evaluated from Langmuir probe (LP) differs from Maxwellian one and

could be approximated by the Dryvesteyn-distribution. The EEDF, measured by LP

probe, agreed with those received by spectroscopic measurements without magnet

field to HCA. However, the results of spectroscopic measurements do not agree with

those of LP if a longitudinal magnetic field is applied. Langmuir probe measurements

show a strong reduction of T

e

 with increasing magnetic field strength.

The N-atomic density was measured by actinometrical technique. Argon is chosen as

actinometer gas, because for the 2p

1

 → 1s

2

 transition at λ = 750.4 nm the data are well

known and the transition is not sensitive to two step excitation. The dissociation degree

of nitrogen molecules depends nearly linearly on the discharge current. The slope of

the curves depends weakly on the distances from the exit of the hollow cathode. The

dissociation degree is in the order of 3% to 6% at low pressure (0.6 Pa) and could be

increased by a factor of 2.5 by increasing the pressure to 2.5 Pa. By applying a

mirror-like magnetic field configuration to the cathode an optimum in electron density

was discovered.
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