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Abstract Recently considerable attention focused on the development of excimers
and exciplexe lamp. These lamps are sources of spontaneous radiation based on the
transitions of excited molecules called excimers when pure noble gas or a mixture
of several noble gases is added. The excited molecules are considered to be exci-
plex when the gas mixture contains one or more halogens in addition to noble gases
or mercury. The de-excitation of these molecules to their dissociative fundamental
states induces a loss of energy in the form of UV, visible and IR radiation. The
work is based on an experimental study of a pure krypton lamp and theoretical
study of the Kr/Cl2 plasma chemistry in terms of the homogenous model. The lamp
is excited by a dielectric barrier discharge, the gas breakdown is obtained between
two flat and identical electrodes of 5 cm � 5 cm surface area, these electrodes are
insulated and separated by two dielectric plates of permittivity 4 and thickness
2 mm. The space between the two dielectrics is 2 mm and is filled with gas at
pressure of 129 to 460 mbar. In order to carry out a parametric study, the influence
of several parameters such as applied voltage, frequency and gas pressure was
studied. A spectroscopic and kinetic analysis of a pure krypton and Kr/Cl2 mixture
excilamp excited by DBD is reported here. The interpretation of the experimental
and theoretical results allowed to explain chemical processes responsible of the
production of excimers inducing UV emission and to link these processes to the IR
emissions that control the population of the excited metastable states of krypton.
These states are indirectly responsible for UV emission.
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64.1 Introduction

The lamp excited by DBD can have several types of configurations. In the literature,
there are configurations of planar, coaxial or plan-plan geometry or other geome-
tries that depend on the type of power supply used and the field of application
required for these lamps [1, 2]. In our work we consider a flat discharge consisting
of two metal electrode plates covered by a dielectric material. The insulating aspect
of semiconductor materials introduced into a silent electrical discharge or dielectric
barrier discharge requires a specific use of the applied voltage. In this type of
discharge, it is not possible to supply the discharge with direct voltage because the
insulating characteristic of the dielectrics leads the discharge to a total extinction
just after the formation of the first avalanche and the accumulation of charges on the
inner surface of the dielectrics, thus forming a wall that blocks the passage of the
current [3]. The discharge will therefore eventually go out. However, the capacitive
nature of dielectrics requires that these devices be powered by an alternative
electrical source. In this paper we will study the kinetic parameters of the dielectric
barrier discharge in a pure krypton discharge and in the Kr-Cl2 mixture under two
kinds of excitation: rectangular pulsed excitation and sinusoidal excitation. In
particular, due to the pulsed and repetitive form of dielectric barrier discharges, the
profile of the applied voltage plays a crucial role in determining the current profile
that is often used to characterize the discharge. The shape of the excitation used
closely influences the UV emission efficiency of the lamp [4].

However, in recent years many researchers have shown a growing interest in
studying this gases and this is mainly due to recent advances in the application of
radiation emitted by pure Kr or mixtures Kr-Cl2 lamps in the medical field and in
pollution control [5, 6]. The first work on gas discharges for mixing krypton and
chlorine was thus carried out with the aim of developing UV/Visible lasers Green
[7] was among the first to study the subject of mono-halide rare gas lasers and in his
experimental work he evaluated some rate of reactions that may occur between rare
gases such as Argon, Krypton and Xenon with halogens such as Fluore, Chlorine
and Brome. Flannery’s [8, 9] work on the recombination of rare gas molecular ions
with halogen atomic ions in a gas discharge has made it possible to make very
important progress in the study of the chemical kinetics of the mixture. He thus
estimated the rates of recombination reactions that form the basis of kinetics in this
type of mixture. Thus Flannery’s work made it possible to understand the process of
formation of the exciplex RgX* from the rare gas atom Rg and the negative ion of
the halogen X− [10–12]. The three-body reaction rates given by Flannery are
obtained after several experiments on several gas mixtures.
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64.2 Kinetic Model

In a rare gas DBD lamp the electrical energy is efficiently converted into
electro-magnetic energy by transforming the electrical energy of the discharge into
the energy of movement of the electrons, which by colliding with heavy atoms
contribute to chemical reactions [13].

64.2.1 Kinetic Model for Kr/Cl2 Gas Mixture

In our case of the gas mixture between krypton and chlorine the process of for-
mation of the excited exciplex molecule begins with an excitation neutral atoms to
metastable and resonat excited sate and ionization of the rare gas atoms:

Krþ e ! Kr� þ e ð64:1Þ

Kr� þ e ! Krþ þ 2e ð64:2Þ

The second step is the formation of rare gas molecular ions:

Krþ þKrþKr ! Krþ2 þKr ð64:3Þ

This process is often referred to as demirisation, which consists to formation of an
ionic molecule of noble gas by reaction with three bodies. It is a fundamental
process in the formation of the exciplex responsible for the characteristic UV
emission of the lamp.

The formation of halogen ions occurs through the processes of the attachment
reactions of the shape of:

Cl2 þ e ! Cl� þCl ð64:4Þ

For the formation of exciplex molecules, reaction processes are necessary and
common to all types of rare gas and halogen mixtures: the three most important
channels for exciplex formation are:

Krþ þCl� þKr ! KrCl� þKr ð64:5Þ

Krþ2 þCl� ! KrCl� þKr ð64:6Þ

Kr� þCl2 ! KrCl� þCl ð64:7Þ

The formed exciplex is not really stable and quickly dissociates into a neutral atom
typically in a few nanoseconds. The energy due to the de-excitation of the excited
molecules is released in the form of photon radiation in the ultraviolet range:
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KrCl� ! KrþClþ hv ð64:8Þ

Though, the efficient generation of UV photons depends on the form of excitation
of the applied voltage, the pulse frequency, the concentration of chlorine in the gas
and the gas pressure [14].

64.2.2 Kinetic Model for Pure Krypton

The kinetic model developed in case of pure Krypton excilamp describes the
processes that accompany the excitation of a Kr gas. Since, the different excited and
ionic atoms and molecules formed in inter-electrode space contribute to the for-
mation of the excimer molecules responsible for emission in 148 nm range. The
fundamental reactions which controls the radiation output of the dielectric barrier
discharge for pure krypton gas. The chemical cycle leads to the creation of the
excimers (Kr2 * (1Ru), (Kr2 * (3Ru)) whose de-excitation to the fundamental and
dissociative state produces UV emissions in the 147 and 148 nm, respectively. the
process begins with ionization and excitation of the Krypton atoms on different
states of metastable, resonon and higher excited states. collisions between these
different excited atoms and electrons as well as with other neutral atoms contribute
to the formation of ionized krypton atoms and molecules which by three-body
collisions induce a formation of the excited excimer molecules of krypton. The
work in this article is a synthesis of several studies on excimer lamps for two types
of gases (halogen-rare gas mixture and pure rare gas). The graphs presented in this
section are the results of several studies on dielectric barrier discharges for the
mixing of rare gases and halogen and work on pure rare gases. We present here a
statistical, selective and comparative study in results of modeling work recognized
and validated by several publications [15] and experimental work confirmed and
recognized [16, 17].

64.3 Results

64.3.1 Efficiency Study for a Krypton-Chlorine Mixing
Lamp

Where the lamp is alimented by a pulsed voltage, the results show a high efficacy
for 222 nm, corresponding to a value of 8.4% for a total lamp efficacy of around
14.9%. Whereas, for sinusoidal excitation, the total efficiency of the discharge is
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around 9.6% and a partial efficiency for 222 nm is in the order of 6.4%. in contrast
to sinusoidal excitation, under pulsed excitation the pulses are short with a rapidly
increasing voltage over time, thus the atoms are rapidly excited and collide through
harpoon processes faster for the formation of the KrCl * (B,C) exciplex. However,
when the reaction rate is high the efficiency of the UV emission is high. Thus, the
efficiency is in a maximum at a critical pressure of about 150 torr and then becomes
low as the gas pressure increases. This is observed in both cases of pulsed excitation
or sinusoidal excitation (Fig. 64.1).

64.3.2 Efficiency Study for a Pure Krypton Excilamp

The luminous efficacy behavior of the discharge in the case of pure Krypton dis-
charge is completely different that in the krypton chlorine discharge. The lamp is in
its maximum efficiency for a pressure of 450 torr (Fig. 64.2).

Fig. 64.1 Variation of the efficiencies for 222, 235, 325 and 258 nm emission for Kr/Cl2 gas
mixture as a function of the gas pressure under pulsed excitation in (a) and under sinusoidal
excitation in (b)
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64.4 Conclusion

The work carried out in this article consists in identifying and analyzing the
dielectric barrier discharge system for plasma lamps. In this work, we have
addressed, using digital discharge models, the kinetics of a high-pressure electric
discharge for a noble gas halogen lamp (Kr-Cl2) and for a pure krypton lamp. The
use of two excitation modes, sinusoidal excitation and pulsed excitation, for the
applied voltage was discussed to study the effect of the applied voltage waveform
on the electrical and chemical parameters of the discharge. This allowed us to
distinguish the best excitation mode to be used in the case of pure noble gas or rare
gas and halogen mixture lamps in dielectric barrier discharges. A comparison
between the efficiencies obtained for the different excitation modes: pulsed and
sinusoidal shows that the use of pulsed voltage is the best way to improve the
excilamps and this for critical and optimal working conditions on the gas pressure
or on the voltage applied and the percentage of halogen in the case of gas mixtures
in order to improve the radiative emission efficiency of the lamp.

Fig. 64.2 Variation of efficiency with pressure of the gas for pure Krypton under sinusoidal
excitation
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