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Abstract.

Broadened hydrogen Balmer lines are observed in a DC glow discharge sustained in Ar-SiHas-
N2 gas mixture. This broadening is due to the Doppler frequency shift. H atoms translational
energy distribution is calculated in different positions between the two electrodes of the
discharge along the inter electrode axis and in different gas mixtures. Three main components
are observed at 0.6 (+/-0.5)eV, 12(+/-3)eV, 62(+/-6)eV and 1(+/-1)eV, 28(+/-6)eV and
105(+/-12)eV for Ho and Hp, respectively. They correspond to hydrogen dissociation by
electron impact producing H(n=3, 4) atoms and to dissociative recombination of ion in the
cathode fall or to back-scattered fast H atoms on the cathode surface. The density ratio
nHz/nAr ranges from 44% to 13% or from 10% to 3% when a=nH/nH2=0.01 and 0.1,
respectively, in function of the gas mixture. So large hydrogen density could be due to
hydrogen desorption from the wall and cathodes and/or to the gas recirculation within the
reactor. A new low energy component is observed in Ha line profile, when silane and
nitrogen concentration decreases and increases, respectively. It could also be due to H atom
desorbing from the reactor wall or to NHx species dissociated by electron impact within the

reactor.

Keywords: Ar-SiHs-N2 plasma, Hydrogen Balmer emission line broadening, Doppler effect,

reactive processes, hydrogen concentration.

I. INTRODUCTION

Plasma enhanced chemical vapour deposition are widely used for surface treatments and
silane or disilane are frequently used for silicon nitride or silicon oxide thin films deposition
for surface passivation or to elaborate dielectric layers.!® The knowledge of the basic
phenomena involved in the growth of these layers is very important to control the process and
to obtain stable and reproducible thin films. Reactive mechanisms involved in these
discharges are generally complex and are produce both within the discharge (homogeneous
reactions) and at the surface layer (heterogeneous reactions).*® Investigations on reactive
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species produced in such discharge are generally performed by means of optical spectroscopy,
35 Langmuir probe or mass spectrometry.’®

During the past few decades authors have reported on Doppler broadening of Balmer lines
observed by means of optical emission spectroscopy in silane, disilane, methane or hydrogen
discharge.®!" They have shown that the broadening mainly results from the dissociation
processes due to electron impacts on molecules, producing super excited repulsive states or to
the acceleration of ions in the cathode fall before to be neutralised.

The purpose of this work is to study hydrogen Balmer lines broadening, observed in a DC
glow discharge sustained in Ar-SiH4-N2 gas mixture, to determine the main reactive processes
producing excited hydrogen atoms with high velocity. We will see that this broadening can be

due to the combination of different effects.

Il. EXPERIMENTAL SETUP

The experimental setup is schematically shown on Figurel. A DC discharge is created
between two aluminium flat electrodes (inter electrode distance=17mm and electrode
diameter=70mm) within a cylindrical observation chamber (diameter 400mm and height
400mm), equipped with fused silica window (diameter 50mm) protected against deposition by
a controlled argon flow.

High purity grade gases (99.9955%) are used: pure argon, nitrogen and Argon-5%silane gas
mixture. Gas flow rates are controlled and measured by means of mass flowmeters (Tylan)
and the absolute pressure is measured by a capacitive manometer (MKS-Baratron). The gas
mixture (N2, Ar-5%SiH4) is injected within the discharge through the upper electrode (anode).
Under working conditions the current intensity, discharge voltage and total pressure are equal
to 13mA, 400V and 0.53mbar, respectively. Spatially resolved spectroscopy is performed
between the two electrodes, perpendicularly to the inter electrode axis, using a high resolution
spectrometer (Jobin Yvon THR1000, resolving power 100000, 1m focal length), equipped
with a photomultiplier Hamamatsu R928. The spatial resolution according to the z
longitudinal axis of the discharge is obtained by means of an optical setting composed with
two multi dielectric mirrors (M1, M2), lenses with a focal of 200mm (L1, L2) and collimators
(C1, C2), as shown on figure 1. The upper part of the optical setting (C1, L1, M1) can be
moved according to the z axis. The discharge is imaged with of magnification of unity and
reflected by the mirror M1 then M2 toward the entrance slit of the spectrometer (aperture of
25um to 30um). A spatial resolution of about 1mm is obtained depending on the entrance slit
and collimators apertures. Under these experimental conditions, no self absorption is
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considered for the different emission lines detected and because of the reactor configuration
the discharge is assumed uniform according to the radial axis.
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FIG.1. Experimental setup.

I1l. RESULTS AND DISCUSSION

Emission spectroscopy measurements spatially resolved have been performed along the
discharge axis at different distances ranging from 2mm to 10mm from the cathode surface.
Investigations have been performed on the two hydrogen Balmer lines Ha (656.3nm) and Hf
(486.1nm). A large broadening has been observed for these two emission lines. Figure 2
compare typical emission lines: Ha, HB and Arll(413.1nm). The full width at half the
maximum (FWHM) are 3.5A and 3.0A for Ha and Hp, and 0.5A for Arll, respectively.
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FIG.2. Emission lines measured for Arll(413.1nm), Ho (656.3nm) and Hf (486.1nm);

Comparison of the emission line widths.

Since Stark effect starts to be efficient in the discharge medium when the electron density is
larger than 10'®m=3, because of the low electron density observed in such DC discharge
working under such experimental conditions (typically of 10°m=),'> the broadening results
mainly of the Doppler effect. This is confirmed on Figure 3 where Ha line profile can be

fitted with a Gaussian profile 1 (1) =9.6 exp(— 22.86A}f) and not with a Lorentzian profile
r 1

2_2—
d [F+A/12}
4

see that this Gaussian profile results of the convolution of different components.

(1) = (where T is the FWHM), rather used for the Stark effect.’® We will
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FIG.3. The Ha line obtained in Ar-5%SiHs at 0.53mbar and at 6mm from the cathode.

Comparison of experiment (dots) with the best fit obtained with a Gaussian profile (dashed

line) 1(1) =9.6 exp(— 22.86Af) and a Lorentzian profile (full line).

Figure 4 shows the change of the Ha line profile in different positions from the cathode along
the discharge axis. Measurements have been performed for different gas mixtures and at
constant total gas flow rate 20sccm and at 0.53mbar. It can be seen that the peak intensity
changes between the two electrodes in Ar-5%SiHa (see first spectrum at the top of the figure).
The maximum is observed at 6mm from the cathode. This position corresponds to the end of
the negative glow and the beginning of the positive column of the discharge. The same effect
is observed on the Hf line profile.

When N2 is added to the gas mixture, the intensity of the wings (larger parts) of Ha line
profile strongly decreases with Ar-SiHs flow rate decreasing and a new thin component
appears at the middle of the line corresponding to slow hydrogen atoms. This component

decreases when the nitrogen gas flow rate becomes larger than 5sccm.
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FIG.4. Comparison of the Ha Balmer line measured in different positions from 2mm to 10mm
above the cathode along the discharge axis and for different gas mixtures, the total gas flow

rate is of 20sccm and the total pressure of 0.53mbar.
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Because the optical observations are performed perpendicularly to the discharge axis,
assuming an isotropic velocity distribution function, the translational energy distribution T(A)
of the hydrogen atoms in the n=3 and n=4 excited states may be calculated by differentiation
of the Ho and Hp line profiles F(}),*®

T(2) =w . )

The kinetic energy E of the emitter at the wavelength A is given by,
2
A=
-1 m,c’| —2 1| . (2)
2 Ao
Where mu is the hydrogen atom mass, ¢ is the light velocity and Ao is the wavelength at the
center of the emission line. The change from the broadening AA(nm) in translational energy

E(eV) is obtained using the equations E(eV) =1084.75(AA(nm))*  and

E(eV) =1976.9(AA(nm))? for Ho. and HP, respectively.

Figure 5 shows the translational energy distribution T(A), measured for Ho and Hf in the
N2(2.3sccm),  (Ar-5%SiHs)(20sccm) gas  mixture.  Measurements are  performed
perpendicularly to the discharge axis.

Different components are observed at 0.023nm, 0.107nm, 0.24nm and 0.023m, 0.107nm,
0.23nm for Ha and H, respectively. They are found at energy of 0.6 (+/-0.5)eV, 12(+/-3)eV,
62(+/-6)eV and 1(+/-1)eV, 28(+/-6)eV and 105(+/-12)eV for Ha and Hp, respectively. The
error bars are calculated assuming an error of 0.0lnm on A(A). According to literature, such
peaks have been observed in Ar-SiH4and Ar-Hz plasma.

Perrin et al*® have observed different peaks on Hp at 0.4eV, 2.5eV and a broad component in
the 3-6eV region in Ar-SiHs multipole DC discharge. These peaks appear at different electron

impact energy use for the dissociation of the silane molecule, ranging from 27eV to 110eV.
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FIG.5. Translational energy distribution T(1), measured for Ha and Hf in a N2(2.3sccm), Ar-
5%SiH4(20sccm) gas mixture. Measurements are performed perpendicularly to the discharge

axis.

Different mechanisms in Ar-Hz gas mixture can produce H atoms in excited states. They are:
9-12, 14-17

1) The dissociation of Hz by electron impact with excitation of H(n=3). Two components
have been observed at 0.2eV and at higher energy about 7.5eV.

2) The dissociative ionisation of Hz by electron impact, this reaction can also produce H(n=3)
with a kinetic energy around 5.5eV and 8eV. The electron energy needs for this reaction is
more important that for the previous one and consequently it is less probable to occur.

3) H(n=3) may be formed also by electron impact on H(1s) atom, resulting of previous
dissociation reactions. In this process two components are found for H atoms, one below 2eV
and a medium at energy between 5eV and 10eV.

4) Barbeau et al'® observe a very large shift, up to 0.5nm, of Ha in a plane parallel DC
discharge sustained in a Ar-Hz gas mixture. The wavelength shift depends on the region of
observation perpendicular to the discharge axis and it increases with decreasing distance from
the cathode surface. They conclude that the electric field in the cathode fall has an effect on
the Doppler shift and that a so large shift could be due to ion recombination in the cathode
fall.
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Gemisi¢ Adamov et al,'! observe very large broadenings on Ha and Do with a Doppler shift
up to 1KeV in an abnormal glow discharge sustained in Ar-Hz gas mixture. Most of hydrogen
or deuterium atoms have energy around 40-50eV. Because H atom energy cannot exceed
10eV in dissociative excitation process due to electron impacts on Hz molecules, such
broadened wings have been ascribed to charge-exchange reaction between hydrogen ions (H,
H2*, Hz*) accelerated in the cathode fall region and Hz2 molecules. These fast ions, atoms or
molecules are back-scattered from the cathode in the form of fast H atoms which are finally

excited by collision with electrons or Hz.'?
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FIG.6. Translational energy distribution of H atoms measured on Ha in Ar-SiHa discharge at
0.53mbar in different positions from the cathode surface. Observations are performed

perpendicularly to the inter electrode discharge axis.

Figure 6 shows the translational energy distribution of H(n=3) measured in different positions
from the cathode surface. The three main components previously described figure 5 are
observed at 0.037nm, 0.125nm and 0.23nm. In can be seen that the larger components at
0.23nm is mainly observed at a distance close to the cathode surface and it disappears with

increasing distance. This confirms the previous observations of Barbeau et al®® and Gemisi¢
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Adamov et al.* The large energy components observed at 62 (+/-6)eV on Ha could be due to
the dissociative recombination of ions in the cathode fall or to back-scattered fast H atoms on
the cathode surface. At 0.53mbar, the molecular mean free path is about 10“*m and back
scattered H atoms have many collisions in the inter electrode distance. So a gradient of the
concentration of these fast H atoms can be observed between the two electrodes.

Comparing with our results (figure 5) the two first components are more probably due to the
dissociation of Hz or excitation of H atom than to SiH4 dissociation processes.

In the next part of this article, we focus our investigations on the Ha profiles; the Hp lines are
smaller and more subject to uncertain results than Ha.

More investigations are necessary to complete the observations on the translational energy
distribution and to confirm the previous results. This needs the knowledge of the electron
temperature in order to calculate the different collision integrals and to compare the effect of
the different reactive processes under consideration.

The electron temperature has been determined from the emission line ratio of neutral and ion
argon Arl(419.1nm) and Arll(413.1nm). These emission lines correspond to the transitions
between energy levels of 14.58eV to 11.77eV and 21.43eV to 18.43ev of Ar and Ar",
respectively.!® Assuming that these excited species are produced by direct excitation due to
electron impact on Ar atom in the ground state and writing the intensity li(A) of the spectral

line,

1.(4) =C(A).n.Ahv. (3)

Where, C(A), ni, Ai and v are the apparatus response, the density of the excited state for Ar or
Ar*, the transition probability (0.0058x10%s for Arl(419.1nm) and 1.4x10%7? for
Arl1(413.1nm)?%22) and the emission frequency, respectively.

The apparatus responses depends on the quantum efficiency Q(A) of the photomultiplier, on
the efficiency of the spectrometer holographic grating and on the change of lenses optical
properties (focal, transmission) at the different wavelength A. The quartz refractive index can
be considered constant, changing from 1.45 at 656.3nm to 1.47 at 413.1nm and the quartz
transmittance is constant and larger than 90% all over the wavelength range under
investigation. Also the efficiency of the spectrometer grating is nearly constant (about 50%)
all over the same wavelength range. Consequently, the change of the apparatus responses with

the wavelength depends mainly on the quantum efficiency Q(A) of the photomultiplier.

10
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Change of lenses and spectrometer grating optical properties have no significant effect on
C(M) all over the wavelength range under consideration.

Assuming a local thermodynamic equilibrium, the electron energy can be considered to be a
Maxwell-Boltzmann distribution function and the electron temperature is deduced from the
I(Arf)/1(Ar) intensity ratio,

* [0, (2) 1 (2,)de,
I(Ar’) _ C(Aar) Nars Aldars) Vare _ C(Aar) 0 Allar) Aar (4)
I(Ar) C(E’Ar) n’/t\r A(E’Ar) VAr C(ﬂAr) TU (g )f(g )dE A()“Ar) ﬂ’Ar+

Using the excitation cross section values given in literature for Arl(4191.1nm)? and for
Arll(413.2)nm,?* we have calculated the value of the ratio 1(Ar*)/I(Ar) using the Equation (4),
for different values of the electron temperature Te. These values are compared to the
experimental values. Figure 7 shows the experimental values corresponding to two series of
data (I and J) obtained at 13mA, 400V and 0.53mbar, in Ar-5%SiHs and pure Ar,
respectively. Measurements are performed in different positions along the inter electrode
distance. The error bar on IAr/l1Ar is 15%. Figure 8 shows the values calculated using the
Equation (4) versus electron temperature. It can be seen that the values of measured
I(Arf)/I(Ar) ratio (figure 7) correspond to an electron temperature of about 30000K
(I(Ar)/1(Ar)=2.79).

It is worth noting that in this method we suppose that the Ar* excited state [4 pZP}(}:| results
2

of the direct excitation from the Ar ground state by electron collision and the excitation from
the ion ground state is neglected. According to literature, assuming a ionization fraction of
3x1073, the contribution of the excitation from the ion ground state contribute for more than
half of the total photon flux of Arl1(488.0nm) emission line for an electron temperature lower

than 7eV.?® If we consider a similar effect for the Arll(4131.1nm) emission line, the

contribution of the excitation of the [4 sz;} state from the ion ground state is half of the
2

total excitation and the ratio I(Ar")/I1(Ar) in Equation (4) should be divided by 2, ranging from
0.5 to 1.8. Under these conditions the electron temperature ranges from 25000K to 30000K as
shown on Figure 8. Moreover, it is worth noting that an ionization fraction of 3x107 is
overestimated in the case of a DC glow discharge working at 400V, 13mA and 0.53mbar. In

the present experiments the electron density is expected between 10®m= and 10'm *° and

11



the contribution of the excitation from the ion ground state to the Arll (4131.1nm) is also

overestimated.
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FIG.8. Calculation of the relative intensity 1Arl1(413.1nm)/1Arl(419.1nm) value versus

electron temperature.

As previously explained and according to the literature the different reactive processes which
can contribute to the Ha emission line are the dissociative excitation of molecular species, the
direct excitation of H by electron collision or the ion dissociative recombination in the
cathode fall with the back-scattering of fast H atoms.®” We have already shown that this last
process (ion dissociative recombination in the cathode fall and back-scattered fast H atoms)
have only an effect on Ha line close to the cathode. For measurements performed at larger
distances from the cathode the main mechanisms which can produce H(n=3) atoms are:

The dissociative excitation of SiH4 by electron impact:
e+SiH4 — e+H(n=3)+products [reaction I]

The dissociative excitation of Hz by electron impact:
e+Hz — e+H(n=3)+H [reaction 1]

The direct excitation of H:

e+H — e+H(n=3) [reaction I11].

The total intensity of Ha is the sum of three components corresponding to these different

mechanisms,

IHe=1H@) +IH(2)+IH(3)
Using Equation (3), the intensity of Ha is,

hc
I, =Z|H(i) =C(/1)AHa72nH(i) (5)

With i=1,2 or3, according to the process under consideration ([reaction I, Il or HI].
Comparing the emission line measured for Ha and Ar(419.1nm), we have also,

IHa — C(//{’Ha) r-]H* ﬂ“Ar AHa
e C(Aa) Mar Ang Ane

(6)

13
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So,

r'IH* — IHa Q(ﬂ'Ar) ﬂ“Ha AAr — f(IHa) (7)
r-]Ar* IAr Q(ﬂ“Ha) ﬂ“Ar AHa IAr

where f(luo/lar) is a function depending on the ratio Iuo/larand on the quantum efficiency of
the photomultiplier tube Q(Au«)=7% and Q(Aar)=20% at the two wavelengths An.=656.2nm
and Aar=419.1nm, respectively and on the transition probability of the two excited species
Ano=0.441x10%1 and Aa=0.0056x10%s2.

Considering that Ar* results of direct electron collisions on Ar ground state and considering
NH(i=1) due to process (1), we have

Mgy MeMares |y Oana f )08, [ oane f (2)de,

N nenArJO o f(e,)de, Nar L o f(e,)de,

(8)

Using Equations (7) and (8) we obtain the relative contribution of process (1) to the total
emission line of Ha,

nH*(i_% roa f(e,)de
nH*(izl) _ Nppx _ Ngig Jo ©siH4 e e 1 (9)

Ny n%m* Nar L o, fle,)de, f(IIHa)

Ar

From Equation (9), considering Te=30000K and the dissociation cross section values given in

26 for the dissociative excitation of silane by electron impact, we have calculated the ratio

Ny . . . . .

Y in different (Ar-5%SiH4)-N2 gas mixtures, at 13mA and 400V, with Dar-siHa=20sccm
Ny

and Dnz ranging from Osccm to 10.2sccm. Integrating the signal over the total Ha emission

Nz

line, we obtain ranging from 0.01 to 0.03 (see Figure 9). This result shows the low

H*

contribution of SiH4 dissociation process to the total density of H(n=3) (lower than 4%).

Writing the density ratio —- = a and neglecting the low contribution of the first process (1)
H,

to the total excitation of H(n=3), we have,

n L nHZ 0 0
2. M) Ny s o ([ owtlede [ out(e)de
Ny - tlney | [onfle)ds, [ o fe)de,

I

~1 (10)

14
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Then,
nHz — f(IIHa) ~ 1 - . (11)
N, i | [ o, fe)de, . [ onf(e)de,

[[onfle)de, [ ouf(a)de,

It can be seen that when the part due to the mechanism 1 is neglected, the contribution of the
mechanism (2) to the total excitation of H(n=3), only depends on the collision integral of
mechanisms 1 and 2 and on the value a. Using Equations (7) and (11), we obtain,

-1

M [ o, f(e)d [ o f(e)d
Nyxiz2) 3 Ny _r]H2 0 Oy, 1(&)Us, 1 _|14 g% Oy T\&)us,

n . n N n ] 0 I " - 0
g o M ot (e)de, G [[o, f(e)de,

(12)

Calculations have been performed using data given by H. Tawara et al 2 and by .K. Janev et
al % for the cross section values of the photon emission of Balmer o line due to the electron
impact on Hz and H atoms, respectively.

Ny,

Na

Figure 9 also shows the ratio

which decreases with N2 increasing from DN2=2.3sccm to

DN2=10.2sccm, when DAr-SiHa is kept constant equal to 20sccm. The ratio strongly depends
on the “a” value. It changes versus DN2 from 44% to 14%, and from 10% to 3% for a=0.01
and a=0.1, respectively. When a=0.01 about 64% of Ha emission line results of the H2
dissociation process (2). However, when a=0.1 and a=0.5, Ha only depends at 15% and 3.5%
on mechanism (2), respectively. Nevertheless, for a<0.4 the contribution due to the
mechanism (2) remains larger than the contribution due to the mechanism (1).

According to literature, in H2 DC discharge the dissociation rate of hydrogen is about 10% for
pressure ranging from 0.07mbar to 0.75mbar, at 600K, voltage ranging from 0.5kV to 3kV
and intensity ranging from 6mA to 39mA.*° In our experiment, the atom or molecular mean
free path is about 10“m, thus H atoms quickly recombine. So the ratio :—H = a is expected to

H,

be between 0.01 and 0.1. Considering the low concentration of silane in Argon (5%), such a
large density value of Hz until a=0.1, which is mainly observed at low nitrogen gas flow rate,
could be explained considering the wall desorption and the recirculation of Hz within the

reactor.?>° In the past, authors have already observed that H partial pressure may exceed the

15
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silane partial pressure in Silane-Helium glow discharge, even when the dominant reactive

dissociation process of silane by electron impact produces SiHz+H2.%
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FIG.9. nH(i=1)/nHa and nH2InAr (for different values of a) versus nitrogen gas flow rate,
when D(Ar-5%SiH4)=20sccm, at 0.53mbar, 400V and 13mA.

In the following part, we still consider the previous results shown on Figure 4. As previously
written, when the nitrogen gas flow rate increases and the argon-silane gas flow rate
decreases, the wings (larger broadened parts) of Ha decreases and a low components appears
in the middle of the emission line which has a maximum at a nitrogen gas flow rate of 5sccm.
This low energy component may be hidden by the broadened Ha spectral line observed when
no nitrogen is added in gas mixture. It could be due to slow desorbed hydrogen atoms or SiHx
radicals from the reactor wall which are excited or dissociated by electron impact within the
plasma. The desorbed hydrogenated species concentration decreases with decreasing Ar-
5%SiH4 concentration. According to literature hydrogen is very easily adsorbed by the
surfaces of the metal, mainly in atomic form.2° Also, it has been observed that H atoms react
by etching the deposit film restoring Si-H bonds in silane plasma.3!

Another explanation for this low energy component could be the dissociative excitation of

NHx radicals by electron impact producing slow excited H atoms. NHx-1 species can be

16



AlP

Publishing

produced in the gas phase or by heterogeneous reactions of NH radicals with adsorbed H
atoms on the cathode or reactor wall.323* J. Kurawaki et al ** have studied the translational
energy distribution (TED) of H(n=3, 4) resulting of the NH3 dissociation process by electron
impact. They found 5 components of energy ranging from 1 to 12eV. The first one at 1eV is
observed at an electron energy threshold of 22.5 eV. Fast H(2s) or H(2p) atoms corresponding
to this low translational energy also have been detected at lower energy thresholds 17.8eV and
16.1 to 14.7eV, respectively. Hydrogen Doppler profiles with the half widths in the range
from 0.3 to 0.4 eV and from 3 to 4eV have also been detected in an Ar-NHs hollow cathode
glow discharge. Authors explain them by the dissociative excitation and dissociative
ionization of ammonia during collisions with electrons of the discharge.*

These different mechanisms could contribute to the formation of the low energy peak in Ha.

IV. CONCLUSION

Large broadenings of Ha and Hf3 Balmer lines are observed in the Ar-5%SiH4-N2 DC glow
discharge. These broadening results of the Doppler effect and the translational H atom energy
distribution is composed of three main components observed at about 0.9 (+/-0.7)eV, 12(+/-
3)eV, 62(+/-6)eV and 1.15(+/-1)eV, 26.89(+/-6)eV and 115.5(+/-12)eV for Ha and Hp,
respectively. We have shown that both low energy components result of dissociative
excitation processes of Hz by electron impact producing excited hydrogen atoms. The larger
energy component observed at 62(+/-6)eV on Ha or 115(+/-12)eV for HpB could be due to the
dissociative recombination of ions in the cathode fall or to back-scattered fast H atoms on the
cathode surface.

The large amount of hydrogen produced in the discharge is probably due to the effect of the
wall desorption and to the recirculation of the gas within the reactor.

A low energy component is observed when the silane and nitrogen concentration decreases
and increases, respectively. This component could be due to excited H atoms produced by
electron impact on desorbed H atoms, SiHx or NHx radicals produced by etching or by
reactions within the gas volume or on the reactor wall.

This work performed in hydrogen gas mixtures on broadened hydrogen Balmer line, confirms
the interest of the Balmer line shapes to study the translational energy distribution of H atoms
for investigations on reactive processes and on the dynamic of the plasma. It points out the
role of the gas recirculation and of the reactor wall or the one of electrode surfaces in the
plasma chemistry.
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