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Abstract: This work is devoted to a numerical and analytical calculaifobreakdown voltage in
electrical discharge of Air, Argon, Carbondioxide, Helium, Hya@mgKrypton, Neon, Nitrogen and
Xenon. It was performed using MATLAB which was based on the nuatesadutions of the two
moments of Boltzmann equation coupled with Poisson’s equation tdateltiie breakdown voltage
according to the product of the electrode spacing and pregsi)rdlie electrode spacing of 2.5, 5.0

and 7.0cm were used. Paschen’s curves were generated in theis® spaich have a strong
agreement with the empirical values. The minimum breakdown woftagAir, Argon, CQ, He, H,

Kr, Ne, N, and Xe are respectively 222.2, 101.5, 327.7, 130.0, 225.2, 181.1, 203.1, 215.6 and 111.6
Volts.

Introduction

Plasma is a quasi-neutral gas of charged and neutral pasibied exhibits collective
behavior. Plasma is produced when an electrically neutral gabaleswugh energy for it to
become ionized and electrically conducting. In laboratory plasnsaisthichieved by placing
a large voltage across electrodes, the applied electric feedlemates stray charge and
breakdown process begins [1]. Plasma breakdown, also referred tsaspgnition, is an
important fundamental process in plasma science and has a long bfsttugly. It started in
the late nineteenth century; Paschen’s [2] was the firshistie to study the electrical
breakdown of dielectric gases between metallic electrodes, amdotineulated the so-called
Paschen’s law which has been so effective in the predictiordfiebl breakdown in gases.
Recently, the breakdown physics has known more interest [3-5], bensarse plasma
applications are influenced by this process, and its understandingyiseaessary for the
development of these devices and particularly for the optimizatidheoénergyused. Such
applications are diverse, including cleaning of exhaust gasegf@]pn of light sources [7,
8] material processing using pulsed plasma sources [9, 10]. Among pfiieatons, the
treatment of temperature-sensitive surfaces such as biologetarial is of interest, in
particular the interaction of plasma with living cells, tissaled bacteria, e.g. for cultivation,
deactivation or remedial treatment of diseases IHEMamethyldisiloxane(HMDSO)
plasma-polymerized thin films can be assayed for a large nuoflagplications in several
fields such as protective anti-scratch coatings, barriersfilon food and pharmaceutical
packaging, corrosion protection layers, coatings for biocompatibleriaiat@and low-k
dielectric layers for microelectronic applications. More regemhuch effort is endowed in
creating an appropriate plasma source for biomedical applications iflajontrol of
greenhouse gases [13]. Although the breakdown theories are appropriasnfodeveloped
situations [14], some physics and kinetics aspect are poorly tmakkrs=or the more
complicated discharge systems used in many applicationsyetrysdifficult to predict the
general features such as the timing of the breakdown and tleesaey voltage. For these
reasons, several numerical and theoretical [15-17] works are devedlopettierstand the
breakdown mechanism. The main aim of this work is to calculatbrdakdown voltage in
electrical discharge, using rare gases and to understand how ¢hargé geometry and
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other parameters affect these processes. The simulation codanused work is the
MATLAB [18]. The breakdown voltage as a function of the (pressure times the electrode
spacing) product are calculated. This Paschen’s curves repeedsmiance between the
numbers of electrons lost by diffusion and drift in the inter-edeletrgap and the number of
secondary electrons generated at the cathode [19].

The governing equations

1. 2D Fluid model

In this paper, a two dimensions fluid model obtained by solving the tarmemts of the
Maxwell-Boltzmann and the Poisson’s equation could be solved usingnitee difference
scheme. The two moments of Maxwell-Boltzmann equations aremibmentum and
continuity equations and the Poisson’s equation are represented by
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Where n is the particle density (i for ion positive or negative arfidr electron), u is the
average velocity, the right hand side (1) represents the source term of the continuity

equation, E is electric fields,is permittivity of vacuum, P is the pressure dhe —[¢.

The breakdown voltage occurs when the maximum total ion densitga®acgiven value
within a given time interval.

2. Analytical model

The analytical model is based on Paschen’s law which is respoiisibthe getting of the
breakdown voltage when dielectric air or a gas is filled betwdectrodes gap and the
number of secondary electrons generated at the cathode ionizesaamdha&ttbreakdown
point [20]. The reduced electric field is proportional to the proltwf the production of
secondary electrons by ion bombardment on the cathode and ionization isesncoli the
electron-neutral gas collisions over a large range of pressures amddesceparation [21].
Paschen’s law which gives the breakdown voltage of the dielgetsior air in a constant
electric field depends on a critical number of electron mutagilons throughout the
ionization process induced by collisions between electrons and gasutes!in the electrode
gap is [22]

M :exp(ad):“% (4)

Where M is the multiplication factory is the secondary electron emission coefficient at the

cathode andr is the Townsend’s first coefficient. An empirical formula in [#8]ich relates
the Townsend’s first ionization coefficient and the applied voltagelattrode gap d and the
pressure P has been given by

PdA ex;{— B\i/:d] = |n[1+%/j (5)

Where A and B are constants depending on the gas and | stands for the gas species.




Solving for Wdn (5) gives:

_ B(pd) (6)

Vy = | A(pa)-infn{1+ 2 ]

Equation (6) is sometimes written as:

Where b= —In{ln[h%ﬂ (8)

DifferentiatingV/,,- with respect topd and equating the derivative to zero to géj, ,i,gives

B /1
Vir min = 2.718— In (; + 1) (9)

3 Results and Discussion

The plots of the breakdown voltadk. against the pressurp)(and the product of pressure and

electrode spacingP¢) were obtained by the use of (6) and (9) to detegnthe minimum
voltagesV,,,, of air and pure gases.
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Figure 1: Breakdown Voltage as a Function of Prestar Various Components
Gases atd = 2.5cm
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Figure 2: Breakdown Voltage as a Function of thedBct of Pressure and

Electrode Spacing (P*d) atd = 2.5 cm.
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Figure 3: Breakdown Voltage as a Function of Pnesar Various

Component Gases at d = 5.0cm
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Figure 4: Breakdown Voltage as a Function of tredBct of Pressure
and Electrode Spacing (P*d) at d = 5.0 cm.
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Figure 5: Breakdown voltage as a Function of Presfr Various
Component Gases at d=7.0
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Figure 6: Breakdown Voltage as a Function of tredBct of Pressure
and Electrode Spacing (P*d) atd = 7.0 cm.

The Paschen’scurves are shown in Figures 1, 2,3a4d 6 at electrode separations of 2.5, 5.0
and 7.0 cm. These composite curves are generaiegl e Paschen’s law for pure gases of
Argon, Carbon dioxide, Helium, Hydrogen, Kryptonedw, Nitrogen, Xenon and Air as well.
The curves are plots of breakdown voltage(\&s a function of pressufe (Torr) and the
product of pressure and electrode spacid). (The curves of breakdown voltagepfVas a
function of pressur® (Torr) and the product of pressure and electrpaeiag pd) have similar
shapes. The minimum breakdown voltage for Air, Arg@and Carbon dioxide, Helium,
Hydrogen, Krypton, Neon, Nitrogen and Xenon at tetetes separation of 2.5, 5.0 and 7.0 cm
are respectively 222.2, 101.5, 327.7, 130.0, 228632,1, 203.1, 215.6, and 111.6 volts. The
product of pressure and electrodes separatf)sae respectively 0.6, 0.56, 0.7, 3.8, 1.6, 0.75,
2.05, 0.65 and 0.325 Torr.cm. It can be seen floenPaschen’s curves of Figures 1 - 6 that the
pressure decreases as the electrodes separatieases. To the left of the minimum breakdown
voltages of the gases and air, the breakdown \®ltErreases with increasipgd. In these
regimes, the gas is not very dense or the eledradevery close; thus, even if a large number of
secondary electrons are emitted, there is a lovegtitity that any will collide with neutral
atoms during the journey from the cathode to thedan Aspd increases, collisions are more
likely to occur, and therefore the breakdown vatagylower; thus, the Paschen’s curves for air
and pure gases have negative slopes in this reyuben pd increases, beyond the curves’
minimums, collisions may be too frequent rathentt@o rare. In this regime, an electron on its
way to the anode may collide so frequently thadrgdr input voltage is required for it to build
up enough energy to ionize a neutral atom. Thereleaeutral collision frequency and thus the
voltage required increases wjit, explaining the positive slopes of the Pascheunrses at large
pd.



4 .Conclusions

The breakdown voltages of Air, Argon, Carbondioxidtelium, Hydrogen, Krypton, Neon,
Nitrogen and Xenon respectively 222.2, 101.5, 32730.0, 225.2, 181.1, 203.1, 215.6, and
111.6 volts irrespective of the electrode spacing e product of the electrodes spacing and
pressure. The values of the breakdown voltagesnairpure gases are in strong agreement with
the experimental values.
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