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Abstract: This paper reports the numerical simulation of Dielectric Barrier

Discharge (DBD) for Kr-Xe excilamp. The model of the discharge consists of
three main modules: a plasma chemistry module, a circuit module and a
Boltzmann equation module. The results predict the optimal operating
conditions and describe the electrical and chemical properties of the KrXe*
excimer lamp.

1 Introduction

The discharge lamps sources of UV and VUV radiation are mainly lamps with mercury vapour 1-3.
The standards of environmental protection becoming increasingly requiring, the manufacturers of
lamps are concerned with problems generated by the presence of mercury in their applications. The
objective is to consider the operation of tubes with discharges in the presence of rare gas or of
mixture of rare gases, without mercury. The excimer lamp can substitute mercury lights 4-5. If one
compares them with conventional lamps UV, the excimer lamp offer performances which improve
the use of radiation UV and open new prospects in industry 6-7, the chemistry of preparation 812. Additionally, applications of excimer lamps in photomedical research seem to have great
potentials, for example, with respect to the phototherapy of psoriasis (XeCl*, 308 nm), or to
wavelength-selective phototoxicity testing of drugs 13-14. The XeCl* excimer lamp may be a
cheap alternative to the 308-nm laser [15] in the treatment of psoriasis and several other
inflammatory diseases. Their monochromatic spectrum and the possibility of selecting specific
wavelengths allow a concentration of the photo process. Moreover, there is not any effect of parasitic
heat, excimer lamp UV not producing any infra-red radiation in their spectrum. Excimer lamp can be
pumped by pulsed 16-21 or dc longitudinal discharges [22], by pre-ionized pulsed transverse
discharges [23], by microwave discharges [24] or by dielectric barrier discharges [25-26].

2 Physical model
In the positive column, the plasma is homogeneous and represented by a variable resistance whose
conductivity is proportional to the electron density. The time dependence of the resistance Rg(t) is
obtained by:
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Where e, ne(t) and µe(t) are the electron charge, the time dependent electron density and mobility
respectively. A represents the electrode area and dpl is the plasma length.
The electronic density is obtained by resolving the continuity equation:
dn e ( t )
 S (t)
dt

Where S(t) is the source term in the positive column, which takes into account the electron
creation and loss. The electron continuity equation is simultaneously resolved with the kinetic
equations describing the time evolution of specie concentrations. The kinetic scheme employed is
reported in Table I.
TABLE I. List of reaction processes and their rate coefficients used in the present work (Te is the electron
temperature).
Processes
Excitation
e + Kr → Kr*+ e
e + Xe → Xe* + e
e + Kr* → Kr + e
Direct ionization
e + Kr → Kr+ + 2e
e + Xe → Xe+ +2 e
Stepwise ionization
e + Xe* → Xe+ +2 e
e + Kr* → Kr+ + 2e
Penning ionization
2Kr2* → Kr2+ + 2Kr + e
2Kr* → Kr+ + Kr + e
Formation of dimer ions
Kr+ + Kr + Kr → Kr+2 + Kr
Xe+ + 2Kr → KrXe+ +Kr
Kr2+ + Xe → Xe+ +2Kr
Kr2++e → Kr++ Kr + e
Electron-ion recombinaison
Xe2+ + e → Xe** + Xe
KrXe+ + e → Xe* + Kr
Xe++ Xe + Kr →Xe2*+ Kr
Kr2+ + e → Kr*(3p2) + Kr
ion-atom Reactions
KrXe+ +Xe → Xe2+ + Kr
Xe+ + 2Kr → KrXe+ +Kr
Kinetics of the neutres

Rate coefficients
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Xe* + Xe + Kr → Xe2*+ Kr
Xe* + Xe + Xe → Xe2*+ Xe
Kr* + Kr + Kr → Kr*2 + Kr
Kr* + Kr + Xe → Kr*2 + Xe
Xe* + 2Kr → KrXe* + Kr
Kr2*+ Xe → Xe* + 2Kr
KrXe* + Xe → Xe2* + Kr
Kr* + Xe → Kr + Xe*
Kr2* +e → Kr* + Kr + e

k20 = 5,4 × 10-32 cm6 S−1
k21 = 5 × 10-32 cm6 S−1
k22 = 2 × 10-32 cm6 S−1
k23 = 2 × 10-32 cm6 S−1
k24 = 3 × 10-32 cm6 S−1
k25 = 4,4 × 10-10 cm3S−1
k26 = 1× 10-10 cm3S−1
k27 = 1,6 × 10-10 cm3S−1
k28 = 1.9 × 10-9 cm3S−1

[29,32]
[29]
[29]
[29]
[32,34]
[32,34]
[32,28]
[37,34]
[33]

Spontaneous Emissions
Xe2* → 2 Xe + hν 172
Kr*2 → 2Kr + hν 148
KrXe* → Kr + Xe + hν 154

k29 = 1,82 × 108 S-1
k30 = 3 × 108 S-1
k31 = 2× 108 S-1

[36]
[32]
[32]

3 Results and discussions
In this work, the discharge was filled with a10% of Xe in the Kr mixture with a total pressure of
pr=400 Torr, a gas temperature Tg = 300°K, electrode areas A= 1 cm2, a gap length d=0,5 cm. In
order to have homogeneous plasma, we introduced a preionization density. The preionization density
used is equal to 109 cm-3, the dielectric capacitance Cdiel is 0.23 nF and an applied voltage of Va =
3kV.
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Fig1. Time variation of the current I, the voltage across the dielectric Vd, the voltage Vp of the gas, and the
applied voltage Vap.

In Figure 1 we plot the time variation of the discharge current I, the voltage across the dielectric
Vd, the voltage Vp of the gas, and the applied voltage Vap for an applied voltage of 3000V at a
pressure of 400 torr. The voltage Vd starts to increase by the effect of dielectric loading to a peak
corresponding to the applied voltage, while the discharge voltage Vp decreases rapidly after the
breakdown of the gas.
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Fig2. Time evolution of the power deposited by the electrons in the plasma.

The time evolution of the power deposited by the electrons in the plasma during the discharge is
plotted in figure 2. Note the power profile is identical to that of the pulse discharge. The pulse
duration is 4.3μs and peak power reaches 1700 W/cm3 to 1.2μs. This value corresponds to the power
of a few thousandth of joules total energy dissipated in the plasma, this energy is sufficient to sustain
a discharge pulse. To observe the evolution of excited species and ionized, we plotted on Figure 3, 4
and 5 densities of charged particles, neutrals, excited and photons for the gas mixture KrXe-10%.
We considered 31 collisional processes for 14 different species, this reaction system is sufficient to
describe the properties of electric discharge.
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Fig3. Time variation of the plasma electron number density ne and ionized species concentrations.

Figure 3 shows the time evolution of the electron density and the density of ionized species in the
mixture KrXe-10%. After ignition of the discharge, the rapid growth of the concentration of
electrons and ionized species concentrations is noted. The dominant ions in the positive column are
Xe + and Xe2 +.
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Fig4. Time variation of the plasma excited species concentrations
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Photons concentrations (cm )

Variations in the time of atoms and molecules excited Xe* Kr*, Xe2* and Kr2* et KrXe* are
plotted in Figure 4. The metastable state Xe* reaches a maximum value of 1013 cm-3 and then
decreases slowly during the discharge pulse, while the concentration of Kr* reaches a maximum of 5
× 1012 cm-3 and decreases than Xe*. However, the temporal variation of the concentration of Kr2* is
almost identical to that of Kr* with a maximum value of 2 × 1010 cm-3.
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Figure5. Time variation of photon density in plasma

According to the operating conditions of a dielectric barrier discharge for excimer lamp, VUV
radiation is generated by the radiative decay of the excited states of xenon: Xe2* level (172 nm), the
level Kr2* (148 nm) and level KrXe* (154 nm). Time variation in species photonic: hv (172 nm), hv
(148 nm) and hv (154 nm) were shown in Figure 5.

4 Conclusions
The present work represents a study of the kinetics for a Kr-Xe lamp pumped by a Dielectric Barrier
Discharge DBD at high pressure. This study is executed by a zero-dimensional model where there is
a coupling between plasma, heavy-species kinetics and the external circuit. The plasma generated by
a Dielectric Barrier Discharge has been represented by one resistor. The kinetics of the heavy species
has been represented using a set of reactions in order to take into account the electric behavior of the
discharge. From the developed zero-dimensional model, we have analyzed the kinetics of the Kr-Xe
excimer lamp mixture and the electrical discharge characteristics. The present analysis and
discussions will be helpful for the design of commercial Kr/Xe lamp cells.
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