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ABSTRACT

The influence of nitrogen admixture on the characteristics and various plasma parameters in DC He discharge at
low pressure was studied experimentally. It was shown that the addition of nitrogen leads to noticeable increase in
discharge current at the same discharge voltage and gas pressure. Contrary, the breakdown voltage and the cathode
fall thickness were observed to decrease with the addition of nitrogen. Single Langmuir probe measurements for
determination of plasma parameters (electron energy distribution functions, electron temperature, ion density and
electron density) in He and (He-N,) gases were performed and explanation of observed effects were given.
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INTRODUCTION

Glow discharges are used in a range of applicdtedds: in the microelectronics industry for thitnf deposition
and plasma etching, as plasma display panels, ted wagoor ion lasers, as fluorescent lamps, anal ialgnalytical
chemistry [1].

A glow discharge is characterized by its distinetregions between the cathode and the anode alestazross the
tube. The physical characteristics of these regitapend on the parameters of the discharge thgeédsnetry of the

discharge tube, pressure of the working gas, tyjpgas, cathode material, applied potential and diseharge

current[2].

It is known that an addition of molecular admixtue rare gas leads to changing of electrical anectsal
characteristics of glow discharge [3]. The naturelmnges depends on conditions (sort of rare gdsadmixture,
percentage of admixture, gas pressure and so on)example, in the case of He and Ne the additioanaall
percentage of molecular gas can lead to the dexierd®th, breakdown voltage and steady state digehvoltage.
The aim of the present work was to study the eféé¢he changes in N\percentage on the electrical characteristics
(Parameters) of (He-\ mixture glow discharge and also, determine plagrmemeters (electron density and
temperature, electron energy distribution functeomd ion density) using single Langmuir probe tegbei at
different N, percentage in (He-\lgas mixture.

MATERIALS AND METHODS

2.1) Plasma Source

Figure (1) shows a schematic diagram of the expartad setup. A cylindrical discharge cell made &fyaex glass
tube of 18 cm length and 13 cm diameter. Two palratiovable circular electrodes were enclosed indikeharge
cell. The two electrodes were made of stainless sted each of them was 5 cm diameter. The disehes was
evacuated using a gas rotary purBigviards H. vacuum pump, model ED 200) to a base pressure down to*16rr.
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The flow of helium and nitrogen gases is monitovdth mass flow meters whereas pressure in the chaisb
recorded by using pirani gauge. The applied voltags controlled by a DC power supply which can piced
potential up to 2000 V.
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Figure (1) A schematic diagram for
(a) The experimental equipment and
(b) The electrical circuit
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2.2) Langmuir Probe Measurements

Langmuir probe is commonly used as low-tempergtlaema diagnostic due to its easy and simple im@htation
compared to other plasma diagnostics [4]. From ghabe data it is possible to determine a largeetarof
parameters characterizing the plasma includingtreleaensity, electron temperature and ion densitye method
of the Langmuir probe measurements is based oi-\tscharacteristic the so-called probe characteristte
Langmuir probe assembly consists of Tungsten wir@.80 mm diameter and 5 mm length, supported Pyrax
glass tube. Probe current is measured for DC lmbiages ranging from —100 to +100V.

The electron temperaturg,, is determined in electron volt (eV) from the sogf the In [)-V curve of the probe in
the transition region between floating potentiad @lasma potential by the following equation [5]:

T, =e/k dIn(l)/dVv )

wheree is the electronic chargk,is the Boltzmann constaritis the electron current andis the probe voltage.

The electron number density,, in cm® is obtained from the electron saturation currég) (ising the following
equation [5]:

%
n, M| M, 2)
eA | 2KT,

whereA is the probe areandm is the magnitude of electronic mass.

Assuming a Maxwellian energy distribution in theparturbed plasma, the following simplified formuiar a
cylindrical prope may be used to determine theciament in the OML regime [6]:

|, =2/ 77Aen, (]eV|/mi)y2 &)
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wherel; is the ion current andy is ion mass. The slope of the linear relationsifiphe square of ion curredti2
versus prope voltage yields the plasma ion density,without knowledge of the electron temperature, in
accordance with OML theory.

The electron energy distribution functiopisEDFs, are also important for understanding variousmkagrocesses,
such as electron impact ionization and excitatlarthis study the EEDFs are calculated accordinBrayvesteyn
formula [7]:

d?,

F(e) =2(2m, )% (e3A)_1V %2
where | b is the probe current.

The plasma electrical conductivity [8] is giventhg following equation:
e’n, _ e’n,

= (%)
MVe, N 0, 3MKT,

where V_ is the electron-neutral collision frequendyg is the neutral atom density ar@l,, is the electron-neutral

ag =

collision cross-section.

The neutral atom densitg, is computed from the gas pressure and temperasimng ideal gas lawng = P / KTy).
The neutral gas temperatuii, in glow discharges has been studied previouslynbgns of Doppler broadening,
thermal couple and via a manometer probe [8]. RécdRayleigh scattering of laser radiation is usedheasure the
neutral gas temperature. In the present Wigiik ~ 350 K as measured using a thermal couple.

RESULTS AND DISCUSSION

3.1) Electrical Parameters

Figure (2) shows thé-V) characteristic curves of He, at different percentage in (He-\l gas mixture where gas
pressure is kept constant at 0.2 Torr. It is cleaden that, at the same applied voltage and gessuye, the
discharge current increases by increasing the@edcentage in (He-)jl gas mixture. This result isimilar to that
reported by Tsukiji et al. [9].

The increase in the discharge current by the isered N percentage in (He-))l gas mixture can be explained as
follows: the Penning ionization processes Hé\, — N," + He + e [3], since ionization potential of (15.78 eV) is
lower than the energies of HE9.82 and 20.62 eV) metastable states [9]. Alstium has lesser electron collision
cross-section than nitrogen [10], thus an incréeaste number of nitrogen molecules and atoms arfixture,
increase the probability of direct ionization of lexules and atoms by electron impact [3, 11].

The breakdown voltages were measured at differgmiekcentage in the (HezNgas mixture and in the pressure
range of 0.04 to 1 torr with the inter-electrodstance fixed at 7 cm (Figure 3). From the figureoar notice that,
the breakdown voltage decreases by increasingekcentage in (He- gas mixture. This can be attributed to the
lower ionization potential of nitrogen as compatedhelium [12]. Also it has been found that, thedkdown
voltages in (He-B) gas mixtures lie between those of the constitienhis result isimilar to that explained by
[13].
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Fig. 2: The I-V characteristic curves of Heat different N, percentage in (He-N) gas mixtureand P = 0.2 torr.
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Fig. (3) Paschen'’s curvesf He at different N, percentages.
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Figure (4) shows the cathode fall thickness, asnatfon of N percentage in the (He;Ngas mixture. The cathode
fall thickness ¢.) decreases by increasing percentage,dfithe gas mixture. The decreaselims N percentage in
the (He-N) gas mixture increases can be attributed to tbee@se in the ionizing collision frequency and feetie
discharge needs less distance to create the neggbw region.
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Fig. 4: The cathode fall thickness (g) as a function of N percentage in the mixture with 0.2 torr filling pressure
at 550 V DC discharge.

3.2) Plasma properties

Figure 5 shows the axial distribution of the eleottemperature, in He plasma when the concentrafidf in (He-
N,) gas mixture is varied. It is obvious that askheoncentration in (He-N gas mixture is increased, decreases.
This result agrees with the results of papers 154,16].

The decrease of electron temperature in He plasitatiae increase of nitrogen percentage in the inéxmay be
explained as follows: helium has lesser ionizatorss-section than that of nitrogen so nitrogeritamdincreases
the probability of inelastic collisions of electrand hence there is decrease in effective eletéroperature [14].

Figure 6 shows the axial distribution of the elentnumber density, in He plasma when the concéotraf N, in
(He-N,) gas mixture is varied. It is clearly seen thé €lectron number density increases by increabing
percentage in gas mixture. This can be attribubeithé Penning ionization processmsd higher ionization cross-
section of nitrogen than that of He.

Figure 7 shows the axial distribution of the iommher density, in He plasma when the concentratfdd,on (He-
N,) gas mixture is varied. The effects of the gasiaohg show the same tendency as the electron nuchiesity
since plasma is quasi neutral.
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Fig. 5: The axial distribution of the electron temperature in He plasma, at different N percentage in the mixture
with 0.2 torr filling pressure at 550 V DC discharg.
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Fig. 6: The axial distribution of the electron numter density in He plasma, at different N percentage in the mixture
with 0.2 torr filling pressure at 550 V DC discharge.
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Fig. 7: The axial distribution of the ion number density in He plasma, at different N percentage in the mixture with
0.2 torr filling pressure at 550 V DC discharge.

Figure 8 shows the measured electron energy disitito function EEDFs) as a function of blgas mixing ratio in
He plasma. The plots indicate th&EDFs) have two peaks. This represents two groups ctrelles with different
energies. The electrons in the first group, wittv lenergy, affect local electron densities and theall plasma
conductance. The electrons in the second group, ligth energy, play the main part in the local &at@mn and the
local ion production [17]. Also it is obvious thad the N percentage in the gas mixture increases, area -
curve increases arfeEDF curve is shifted to low electron energy. This agrpeto support the increaserigwith
increasing the Npercentage in the gas mixture.
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Fig. 8: The electron energy distribution function a different N, percentages, 0.2 torr filling pressure and 550 V O
discharge.
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3.3) Plasma Electrical conductivity

Figure 9 shows the axial distribution of electricahductivity. The effects of Nadmixing show the same tendency
as the electron number density since the electieetrecal conductivity is directly depending on @l®n number
density given by equation (5).
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Fig. 9: Axial distribution of electrical conductivity for He plasma,at different N, percentages, 0.2 torr filling
pressure and 550 V DC discharge.

CONCLUSION

The present study shows experimentally that ekmltrparameters, plasma properties and plasma iebdctr
conductivity of DC He glow discharge can be infloed considerably by admixing of,Njas. The main results
obtained here are summarized as follows:

(1) The addition of Mto He discharge causes an increase in the vafube discharge current at the same discharge
voltage and gas pressure.

(2) The addition of Blto He discharge causes a decrease in the valuaeafdown voltage and the cathode fall
thickness of the discharge.

(3) The addition of Blto He discharge causes a decrease in the valuds adlectron temperature. Meanwhile
electron and ion densities increase.

(4) The addition of B to He discharge is indeed quite important in eshanthe electrical conductivity of the
discharge.
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