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MOTIVATION
Low-temperature nitrogen containing plasmas are
used in numerous applications e.g. for surface
functionalization, nitriding etc. Often argon is used as
the buffer gas as excited states of argon can actively
participate in the production of nitrogen reactive species
while quenching of these species by Ar is orders of
magnitudes smaller. It has been found that addition
of
hydrogen
to
Ar/N2 mixture increases the
concentration of both excited nitrogen and hydrogen
atoms in the plasma, prevents target surface oxidation
and thus enhances nitritation efficiency.

EXPERIMENTAL SET-UP

RESULTS

1. Electrical characteristics
Plasma column voltage, uPL= u cos(ϕ), was calculated on the basis of
experimentally determined voltage u and phase shift ϕ, fig. 2. For the
determination of electric field strength, E, the voltage uPL was found for
different inter-electrode distances L. At a constant current, the voltage
uPL grew linearly with the increase of L. The electric field E was obtained
from the slope of the dependence uPL= f(L). Knowledge of the electric
field, E, the gas temperature, Tg, the electron mobility, μe (calculated by
𝑖
using code Bolsig+), allowed to find the electron density as 𝑛𝑒 =
𝑆∙𝜇𝑒 ∙𝑒∙𝐸

fig. 3. At constant current N2 and/or H2 addition to Ar caused

remarkable increase of reduced electric field strength E/N.

Figure 3. (Current i=0.1 A).

Figure 2.

2. Spectral characteristics

Weak atomic nitrogen lines
were observed at wavelengths 818-824 nm in
Ar/N2/H2 mixtures, fig. 5. At
constant N2 concentration the
increase of H2 concentration
caused decrease of N lines
intensity.
Figure 5. (Electron density ne=1.5 1011 cm-3)

N2(C) vibrational temperatures
were determined on the basis
of Boltzman plot of N2(C)
vibrational transitions 0-2, 1-3,
2-4, 3-5, fig. 7. Overpopulation
of v’=0, 1 states is most likely
due to efficient population of
this
state
in
reaction
Ar / 0.5% N
𝐴𝑟 1𝑠 + 𝑁2 𝑋 → 𝐴𝑟 +
𝑁2 𝐶
.
The
vibrational
Figure 7.
temperature was in the range
13000-19000 K.
Density of Ar atoms in 1s states was determined by spectroscopic
method which utilizes the reabsorption of photons in plasma (Schulze
et al 2008 J. Phys. D: Appl. Phys. 41). In Ar plasma at P=3W the
densities were [Ar(1s5)]≈ 5∙1012 cm-3, [Ar(1s2,4)]≈ 1∙1012 cm-3 and
[Ar(1s3)]≈ 7∙1011 cm-3. In Ar/N2 plasma, the bands of N2 FPS interfered
with Ar lines and did not allow reliable determination of [Ar(1s)].
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Besides strong Ar lines in the
spectra of Ar and Ar/ N2
mixture plasmas also O lines
were observed, fig. 4.
Addition of H2 caused
dissappearance of these lines
and appearance of H lines as
well as NH band. Probable
production mechanism of NH
molecules is N + H + M →
NH + M , (M-third particle).

Figure 4.

Gas temperature was estimated on the basis of rotational spectra of
OH(A-X,0-0) (in the case of pure Ar) or N2(C-B) vibrational transitions 42 (in mixtures of Ar/N2/H2) , fig. 6.
At a fixed N2/H2 fractions the
growth of current from 0.05 to
0.15 A caused temperature
increase by 50-100 K. At
constant
current
the
temperature increased with the
N2/H2 fractions: at i= 0.1 A in
the case of Ar, Trot=415 K while
in the case of Ar/ 5% N2/ 1% H2
Trot=580 K.
Figure 6.

CONCLUSION
Characteristic parameters of studied plasma were:
• Electric field strength, E = 4-30 V/cm
• Electron density, ne = 5 ∙ 1010 – 2 ∙ 1012 cm-3
• Electron temperature, Te=0.7 – 1.3 eV
• Rotational and vibrational temperatures , Trot= 370-650 K,
Tvib= 13000-19000 K.
Excitation of atomic and molecular nitrogen occurs via energy
transfer from Ar ions and Ar 1s state atoms. Addition of H2 causes
decrease of O and N atoms density.
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