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Abstract

Dielectric barrier discharges (DBDs) are a promising technology for high-intensity sources of specific UV and
VUV radiation. In this work, the microdischarge dynamics in DBDs for Ne—Xe mixtures under the close
conditions of excimer lamp working has been investigated. The computer model including the cathode fall, the
positive column and the dielectric is composed of two coupled sub-models. The first submodel describes the
electrical properties of the discharge and is based on a fluid, two-moments description of electron and ion
transport coupled with Poisson’s equation during the discharge pulse. The second submodel, based on three
main modules: a plasma chemistry module, a circuit module and a Boltzmann equation module, with source
terms deduced from the electric model, describes the time variations of charged and excited species
concentrations and the UV photon emission. The use of the present description allows a good resolution near the
sheath at high pressure and it predicts correctly the waveform of the discharge behavior. The effects of operation
voltage, dielectric capacitance, gas mixture composition, gas pressure, as well as the secondary electron emission
by ion at the cathode on the discharge characteristics and the 173 nm photon generation have been investigated
and discussed.
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1. Introduction

The dielectric barrier discharges are more and more used in technology for generating non-local thermal
equilibrium (non-LTE) plasmas near atmospheric pressure [1—4], in particularly for ozone generation [4-6],
surface treatment and thin film deposition [7, 8], flue gas treatment [9, 10], pollution control [11, 12], laser
pumping [13—15] and production of ultra-violet (UV) and vacuum ultra-violet (VUV) radiation [4, 16-20]. The
DBDs are used due to their simplicity, stability, low cost, high power, and easy maintenance. In the last decade,
excimer lamps excited by dielectric barrier discharges have received much attention by scientific communities.

In particularly, because they provide an efficient scheme for generating incoherent spontaneous UV and VUV



excimer radiation with a long lifetime, the working mixture does not have a contact with metal electrodes and the
current is limited by the dielectric [21-25]. Originally proposed by Eliasson and Kogelschatz [16], excimer
formation in DBDs have a large potential of applications, such us UV biological sterilization, photochemical
surface treatment, pollution control, plasma display panels, ozone generation, microlithography, photolytic vapor
deposition and material deposition in microelectronics [26—34]. During the last few years DBDs UV sources
have been investigated using many different excited species, including rare gas excimers (such as Kr;, and Xe;),
molecular rare gas halide excimers (such as ArCl', KrCl", XeCl" and XeBr), and halogen dimmers (such as Cl;,
FZ, and Br;), with high efficiency (>10%) and where a wide range of UV spectrum can be covered [16, 17,
35—-40]. In particularly, excimer and exciplex lamps are mercury free systems and ecologically friendly, and
therefore they are predestined for the lighting industry [41-45]. In order to optimize the discharge luminance
efficiency, most experimental and theoretical works have been realized in DBD’s for excilamps [22-24, 46—55].
Several models on DBDs for excilamps were developed during this last decade. The model used by Oda et al
[23, 47] bases itself on the resolution of the continuity equations of electrons and ions, the energy conservation
equation and Poisson's equation. Liu and Neiger [48] have developed a dynamic electrical model. The model
used by Carman et al [22, 49, 50] analyzes the spatiotemporal evolution of species populations and electrical
parameters. Also, in order to investigate the spatiotemporal characteristics of the short-pulsed DBDs in pure
xenon, a 1D and 2D fluid models was used by Bogdanov et al [24, 51]. S. Belezenai et al in Ref. [46], reported
that in xenon discharge lamp most power is deposited in the high field region in the vicinity of the dielectric
barriers, about 21% of the total input power was used by ion heating. X. Jing-zhon et al [56] have investigated
the influence of the gas temperature in DBDs on the excimer emission.

In this work, computer model including the sheath, the dielectric and the positive column has been
developed to investigate the microdischarge dynamics in dielectric barrier discharges operating in Ne—Xe
mixtures. The context of this study is the modelling of the DBDs with a reasoned approach for controlling VUV
emission in excimer lamp. The model predicts the optimal operating conditions and describes the electrical and
chemical properties of the excimer lamp. We present in Sec. 2 an overview of the physical and the kinetic
models. In Sec. 3, the salient numerical results are presented and discussed. The conclusion of the present work

is summarized in Sec. 4.



2. Model

The computer model including the cathode fall, the positive column and the dielectric was based on two coupled
sub-models as used in Refs. [57, 58]. In this model, the space gradients are supposed to exist only in the cathode
sheath described by the one—dimensional fluid model, and the positive column which is supposed to be spatially
uniform was studied by a zero—dimensional model. The gap length d is considered to be equal to dc,+ dpj.s, Where
d,, is the length of cathode sheath limited by the cathode and the plasma and d,;,s is the plasma length (see Figure
1). In order to have a good numerical resolution the length of the cathode sheath region described with the one-
dimensional model is typically d.,=3 mm in the calculation presented below. This region includes the (time-
varying) sheath and a small part of positive column plasma. The boundary condition on the plasma side of the
cathode region (x=d,.) is such that the charged-particle density gradients are zero. This discharge region is
supposed to be in series with the rest of the plasma (described with the zero-dimensional model). For the
considered operating conditions of excimer lamp in this work, the maximum value of the sheath length d (the
sheath end, i.e., the sheath-plasma boundary defined here as the point where the electron density become larger
than half the ion density) reached before the plasma formation is about 2 mm, which will be small to cathode
region length, and then to the gap distance (d;<d.<d). In the frame of this study, the cathode region length d.; is
supposed equal to 3 mm (region studied with the 1D model) which will be greater than the maximum value of
the sheath length d, reached before the plasma formation under different lamp operation conditions. The applied
voltage through the discharge is given by:

Vap ()= Vb (0F Ver (OF Viias(t) ey
where V,1,5(t), Vp(t) and V(t)=V(d,,, t) are the voltage across the positive column, the dielectric and the cathode
region respectively for a given time t. The relation between the current I, and the voltage V, in the cathode

region is described by the current equation:
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where A represents the electrode area, and J.(x,t) and J,(x,t) are, the electron and ion current density
respectively for a given position X and time t.

The zero—dimensional model consists of three main modules: a plasma chemistry module, a circuit
module and a Boltzmann equation module. The plasma chemistry module constructs differential equations for
the evolution of the density of species. The system of equations describing the dielectric, the positive column and
the cathode region are solved in two steps as follows; for a given voltage V., across the cathode region at a time

t, the plasma kinetic equations coupled with the dielectric equation are solved with the classical GEAR method



[59] between the instants t and t+dt. Taking I, in equation (2) from the above calculation (I4=Ipi) at time (t+dt),
where I, is the plasma current calculated in the positive column, the one-dimensional fluid equations are
integrated in space (0<x<d,;) and time between t and (t+dt).

For the kinetic scheme, we consider the Ne—Xe mixture used in Refs. [60, 61], including the charged

particles of electrons (e), atomic ions ( Xe", Ne"), molecular ions (Ne;, Xe;, NeXe"), the excited atomic and
molecular species of Xe'( 3pl), Xe'( 3p2), Xe", Xey(07), Xes( 32:), Xey( 12:), Ne'and the photonic species

hv (173 nm), hv (147 nm) and hv (150 nm) (see Table 1). The bibliographic research on Ne—Xe gas mixture
shows that this kinetic scheme constitutes the basis of the set of models used for the description of plasma
display panels (PDPs) [60, 61, 72], excimer lamps and lasers. The transport coefficients and the electronic
collision frequencies which depend on the reduced electric field E/N are therefore precalculated and tabulated by
solving the steady state, homogeneous electron Boltzmann equation in the considered gas mixture, using Bolsig+
software [62].

The one-dimensionnel fluid model, based on two-moments description of electron and ion transport coupled
with Poisson’s equation during the discharge pulse, describes the space and time variations of the electron and
ion densities, the electric field and the current density. The positive column model describes the time variations

of charged and excited species concentrations and of the UV photon emission.

3. Results and discussion

3.1. Input conditions

The DBDs lamp parameters and operating conditions used in the present work are shown in Table 2. These
parameters of the discharge configuration and operating conditions are chosen, in the range order of that used in
recent experimental and theoretical works [21-24, 47-51, 53] on excimer lamp, in the objective to have a
spatially uniformity of the plasma across the discharge area and a high lamp efficiency.

3.2. Discharge behavior

In this paragraph, we illustrate the formation and the quenching of a single discharge in a mixture of 10% xenon
in neon, with a total pressure of p, = 400 Torr, the applied voltage is equal to 2 kV, and the capacity of the
dielectric layer above each electrode is 460 pF/cm’® (the equivalent capacitance of the two layers, Cgel, iS
therefore 230 pF/cmz). In this work, a secondary emission coefficient [24, 47, 60, 61, 74] of 0.25 has been
assumed for neon ions. Usually, in DBD’s configuration for display panels or lamps a MgO thin film is

deposited above the dielectric layers in order to protect the dielectric layers, and decrease the breakdown voltage



due to the relatively large value of the secondary electron emission coefficient of MgO bombardment by neon
ions. Note that the value of the secondary emission coefficient due to xenon ions is about ten times smaller to
that of neon ions

3.2.1. Current and voltage across the gap

Figure 2 shows, the time variations of the voltage across the positive column V,,, the voltage across
the cathode region V,, the voltage across the dielectric Vp, and the current. It seems, that at any time during the
discharge pulse, the voltage equality Vy, = V. + Vi, + Vp is realized, and the transition from capacitive to
resistive behaviour of the sheath is observed by a voltage increase and decrease across the cathode region to
reach the desired operating point. This figure shows also, that the discharge is initiated in the gap after a delay
time of about 20 ns. The current density increases this time and reaches a peak value of 2.7 A/cm? at the instant
t= 243 ns. The current density then decreases rapidly to reach a low value at the end of the discharge pulse. The
decrease of the current density is due to the charging of the dielectric layers by electrons and ions generated in
the discharge volume and flowing to the walls. The voltage induced by the charging of the dielectric layers
opposes the applied voltage and increases to reaches a maximum value at the end of the pulse. This value of Vp
is sufficient to ensure the next discharge.

3.2.2. Electric field and charged particle densities

Figure 3 illustrates the spatial distribution of the electric field, electron and ion densities in the cathode
region at six different times of the discharge pulse. These times (t= 5, 10, 19.7, 156, 243 and 940 ns) are
indicated on the current curve in figure 2. During the first pulse period, the electric field is spatially uniform, and
the electrons move towards the anode (the cathode is defined at the position x=0), inducing gas ionization.
During this time the electrons have drifted a distance of about 1.3 mm, which is the maximum sheath length.
After about 20 ns, which is the time for breakdown, the plasma is formed and an ionic space charge is created
near the cathode, accompanied by a field increase to high values. These large values lead to high ionization in
front of the sheath, followed by a rapid motion of the sheath—plasma boundary toward the cathode. Two
discharge regions are distinguished. At first, a cathode fall region exists where the electric field drops drastically

from a maximum value of about 1.6 X 10% V/cm at the moment of the peak current (t=243 ns), also the ion

density reaches its largest value of 3.7 X 10" ¢cm™ and the sheath length is about 0.005 cm. Secondly, a positive

column plasma is observed characterized by quasi neutrality and a very low value of the electric field.



3.2.3. Species concentrations and UV photon emission

The temporal evolution of the Ne—Xe mixture concentrations, obtained with the kinetic model, is
presented in figures 4(a)—(c). These figures show that after the breakdown phase, a fast growth of excited and
charged species densities are noticed. The dominant ions in positive column are Xe" and Xe;, as appeared in
figure 4(a), which represents the time variations of the Xe', Ne*, Xe}’, Ne}’, and NeXe" concentrations, together

with the electron density n.. The time variations of the excited atoms and molecules Xe*( 3p,), Xe*( 3p,)), Xe™,
Ne*, Xes( %), Xes( 'T5), and Xei(0,) are plotted in figure 4(b). The metastable state Xe"( °P,) reaches a

maximal value of 1.58x10" cm?, then decreases much slower during the discharge pulse, while the resonant

state Xe*( 3p 1) reaches a maximum of 7.5x 10" ecm™ and decreases rapidly. Note that the excited molecular state
® 3 . . . .. ®

Xey( “Z8) density has a maximum of 3.4x10'" cm™ and follows closely the time variation of Xe'( °P,).

However, the time variations of Xe;( 123) and Xe;(Ou) concentrations are almost identical to those of Xe*( 3P))

with maximum values of 1.5x10"" ¢cm™ and 2x10"" cm™ respectively. This variation of the atomic and molecular
excited species is confirmed in Ref. [60]. It is due to the kinetic scheme used (see Table 1). In the Xe DBDs

plasma, VUV emission is generated via the radiative decay of the four excited xenon states: the Xe'(°P))
resonance level (147 nm), the Xe;(Ou) vibrationally excited level (150 nm) and the excimers Xe;( 323),

Xe;( IED, both at 173 nm. The time variation of the photonic species, hv (173 nm), hv (147 nm) and hv (150

nm), was shown in figure 4(C).

3.3. Parametric studies

The dielectric discharge lamps convert electrical energy into radiation by transforming electrical energy into
kinetic energy of moving electrons, which in turn is converted into electromagnetical radiation as a result of
some kind of collision process with atoms of gas. The luminous efficacy of the excimer lamp is determined by
the vacuum ultraviolet VUV photon emission which transfers into visible light by the phosphor. However it is
interesting to look at how the energy gained by electrons and ions from the electric field is dissipated inside the
cell. Recently, several experimental and theoretical works have focused on the lamp efficiency [4, 21-24, 46, 47,
49-51, 60, 61], and it has been shown that the efficiency of excimer lamps is directly dependent on the electron
energy deposition in xenon excitation, and can be drastically increased in a pulsed regime. It seems possible to
modify the power deposition in the plasma by varying external discharge parameters such as the amplitude and
the rise time of the applied voltage, and to modify the plasma composition by changing the gas mixture and

pressure. In this subsection, we discuss the dependence of VUV photon generation and the DBDs behaviour on
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the dielectric properties, the gas mixture composition, the gas mixture total pressure, the applied voltage and the
secondary electron emission process.

3.3.1. Effect of the applied voltage

In order to study the interactions between the power supply and the lamp, we illustrate in figure 5(a),
the time variations of the discharge current pulse, under the same conditions of subsection 3.2 and for three value
of applied voltage V,, = 1.5, 2 and 3 kV. In this figure, it appears clearly the strong effect of the applied voltage
on the breakdown time and the current peak. It is instructive to look at the time variation of the electric field at
the cathode, for different values of the applied voltage. The time variation of the cathode electric field as plotted
in figure 5(b) is similar to that of the current discharge. For the three values of applied voltage 1.5, 2 and 3 kV,
the peak of the electric field reaches respectively the following values 4.5 X 10°, 1.6 X 10° and 8.8 x 10*
V/em. These large values of electric field in the vicinity of the dielectric will lead to a large power deposition
[46, 60], however a significant ion heating will be noticed which will probably limit the lamp efficiency. Figure
6 investigates the effect of varying the applied voltage amplitude V,, on photon hv (173 nm) emission in DBDs.
It is known that increasing V,, increases the light emission due largely to increasing energy deposition, and the
most of the energy dissipated in exciting xenon is used in the VUV production.

3.3.2. Effect of the Xe concentration

In order to see how the electrical and chemical characteristics of the plasma can be affected by xenon
concentration in Ne—Xe gas mixtures, it is interesting to look at the time variations of the discharge current and
the photon hv (173 nm) density, as displayed in figures 7(a)—(b) respectively, for three concentrations of xenon
in neon and an applied voltage of 3 kV at a fixed pressure of 400 Torr. We can see clearly that, the generation of
173 nm photons increases with the increasing of the xenon mole fraction in the mixture [21, 22, 73-75].
However for low concentrations of xenon, the discharge current is higher because an important fraction of power
deposition goes into producing ionization. Figure 8 illustrates the effect of the xenon concentration on the
secondary electron current due to photon impact on the cathode J, ,,. The photoelectron current [49, 57, 58, 63]

is obtained by the relation:

Jem=3 €QdSy,

where Q is the quantum efficiency for photon electron generation, which represents the number of electrons
released from the electrode per incident photon. In this work we have assumed a quantum efficiency of Q=1072,
which represents an upper limit for the 173 nm incident photons on a 4 eV work-function cathode material. The

production rate Sy, of the 173 nm photons has been obtained from the density of excited molecule Xes.



3.3.3. Effect of pressure

We also investigated the consequences of gas mixture total pressure on the discharge current, the photon
generation and excited species under the same conditions of subsection 3.2, in figures 9, 10, and 11. As pressure
increases, the discharge sustaining voltage becomes larger. Then for a constant value of applied voltage Va,= 2
kV, the current peak will be decreased when the gas pressure increases (see Figure 9). The emissions of the
three photons (147 nm, 150 nm and 173 nm) increase with increasing gas pressure due to higher gas density
resulting in more UV emission. However the efficiency of 173 nm photon generation is high at high-pressures
because the three body collisions are more efficient to generate Xe,( >X}) [22] as shown in figures 10(a)—(b).

Figures 11(a)—(b) report the effect of the total pressure on the time variation of the metastable state Xe'( 3P2)

and the resonant state Xe*( 3P,) respectively. We see that the density of the metastable state decreases with the
increasing of the gas pressure. This diminution in metastable density is due in part to its conversion to
Xez*(32u+), collision with the fundamental state of xenon [21, 22, 60]. However, we can expect that the reaction
R3 (see Table 1) can also contribute to this diminution as the pressure increasing induces a decrease in the
plasma electric field.

3.3.4. Effect of dielectric capacitance

The consequences of the dielectric capacitance on the deposed power and the 173 photon generation, for
three values of Cgyy =100, 230, 400 pF/cm? and under the same conditions of subsection 3.2, are shown in
figures 12(a)—(b). With a larger dielectric capacitance, more current is required to charge the dielectric.
Therefore, more energy is deposited in the plasma and the corresponding photon fluxes are larger (Figure 12(b)).
Figure 12(a) shows also, that the power density has a similar profile as the discharge current pulse and the time
to breakdown is not affected by the presence of the dielectric.

3.3.5. Effect of the secondary electron emission

The presence of the cathode sheath in series with the plasma of the positive column can have a big
influence on the evolution of the voltage, current, and chemical kinetics in the plasma. In order to illustrate this
effect, we plotted in figure 13, the time evolution of the discharge current, plasma voltage and the dielectric
voltage when the sheath is not considered. This result has been obtained by solving the zero-dimensional model
plasma kinetic equation described in the model section (see Table 1) for the case when the positive column has a
distance equal to the total gap distance (i.c., without considering the cathode region) coupled with the dielectric
equation and under the same conditions of subsection 3.2. We see that the pulse duration is about 200 ns and the

discharge current density has a peak of 23 A/cm®. We report on figures 14(a)—(b), the time variation during the



discharge pulse of the current and the 173 nm photon density, obtained with the complete one-dimensional
model, including positive column, cathode region, and the circuit equations, for two values of secondary
emission coefficient y = 0.25 and 0.1. We see clearly from these figures, that the plasma electrical characteristics
and kinetics are strongly affected by the presence of this cathode region; however, the presence of the sheath
cannot be neglected in theoretical models developed to study the DBDs characteristics. We note that the current
of the discharge and the 173 nm photon production increase with the large values of secondary emission

coefficient at the cathode.

4. Conclusion

The fundamental objective of the dielectric discharge lamps is to convert electrical energy into radiation by
transforming electrical energy into kinetic energy of moving electrons, which in turn is converted into VUV
radiation. This work presents a reasoned approach to deliver electric energy into a dielectric barrier discharge
excimer lamp, with the aim of controlling its VUV emission. The computer model including the cathode fall, the
positive column and the dielectric, describes under the same conditions of excimer lamp working, the spatial and
time variations of the electrical and chemical discharges properties during the pulse; current, electric field,
voltage across the micro-discharge, charged and excited species concentrations and the VUV photon emission.
The results discuss the microdischarge dynamics and the optimization of discharge conditions for excimer lamp
and photon generation. The efficiency of VUV photon generation in DBDs depends on the dielectric properties,
gas mixture composition, gas mixture pressure, applied voltage and the sheath via secondary electron emission at
the cathode. The increase of the applied voltage, xenon concentration, gas pressure, and the dielectric
capacitance induces an increasing in 173 nm photon generation. From the result of the secondary electron
emission effects on the discharge behavior, one can deduce that taking account of the sheath is indispensable to
have a realistic approach, in theoretical models developed to study DBD’s for excimer lamp. Finally, the results

of this work can be considered as important design data of excimer lamps for practical applications.
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Table 1.

| Reaction | Rate constant | Reference
Direct ionization
R1 e+ Xe - Xe' +2e Tabled [62]
R2 e+ Ne —> Ne' +2e Tabled [62]
Excitation
R3 e+Xe—>Xe' (PP +e Tabled [62]
R4 |e+XeoXe'(P) +e Tabled [62]
R5 e+Ne—>Ne'+e Tabled [62]
R6 | e+Xe—>Xe +e Tabled [62]
Stepwise ionization
R7 e+ Xe'(’Py) > Xe +2e Tabled [62]
R8 | e+Ne — Ne +2e Tabled [62]
Penning ionization
R9 Ne  + Xe — Ne + Xe* +¢e 7.5x10™ cm?s™ [63]
R10 | Ne"+ Xe — NeXe* +e 2.3x10™ cm3s™ [63]
Three—body collisions
R11 | Ne*+ 2Ne — Ne," + Ne 4.4x10°% cm’s™ [63]
R12 | Ne* + Xe + Ne — NeXe" + Ne 1x10* cm’s™ [63]
R13 | Xe* + 2Ne —» NeXe" + Ne 1x10°% cm°s™ [63]
R14 | Xe'+2Xe - Xe," + Xe 2.5x10°" cm®s? [63]
R15 | Xe'+ Xe+Ne — Xe," + Ne 1.5x10% cm®s™* [63]
Electron-ion recombination
R16 | Ne," +e — Ne' + Ne 3.7x10° xT. %% cm®s™ | [63]
R17 | Xe,  +e— Xe™ + Xe 2x107 xT, % cm?s™ [64]
R18 | NeXe'+e — Xe™ + Ne 8x10% xT,%° cm®s™ [63]
Charge exchange
R19 | NeXe' + Xe — Xe* + Ne + Xe 5x10" cm’s™ [63]
R20 | NeXe* + Xe — Xe," + Ne 5x10™ cm’s™ [63]
Neutral kinetics
R21 | Xe™ + Ne — Xe"(°P,, °P1) + Ne 2x10™ cm’s! [65]
R22 | Xe” + Xe - Xe'(°Py, °Py) + Xe 1x10™° cm® s' [65]
R23 | Xe"(®P,) + Ne - Xe'(°P,) + Ne 3.1x10™ cm’st [66]
R24 | Xe"(P,) + Ne — Xe"(°P;) + Ne 1.62x10° cm?s? [66]
R25 | Xe (Py) + Xe — Xe'(°P,) + Xe 2.18x10™ cm’s™ [67]
R26 | Xe (°P,) + Xe — Xe"(°P,) + Xe 1.26x10"° cm’s™ [67]
R27 | Xe'(°P,) + 2Xe — Xe, (O, + Xe 155x10°% cm®s™ [66]
R28 | Xe'(°P,) + 2Xe > Xe, (=, + Xe 8.53x10% cm’s™ [66]
R29 | Xe'(°P) + Xe + Ne - Xe, (0,) + Ne [ 4.07x10% cm®s™ [66]
R30 | Xe'(P) + Xe + Ne > Xe, (35,) + Ne [ 1.35x10™ cm6 - [66]
R31 | Xe, (0,9 +Xe — Xe, ("=, + Xe 2.6x10"° cm?s™ [68]
Spontaneous emissions
R32 [ Xe” — Xe'(®P,, °Py) + hv 3x10’s™ [69]
R33 | Xe'(°Py) — Xe + hu(147 nm) 2.7x10°s! [66]
R34 | Xe, (’=,") - 2Xe + hu(173 nm) 5x10°s™ [70]
R35 | Xe, (*z,") = 2Xe + hu(173 nm) 1.66x10° st [69]
R36 | Xe, (0,") — 2Xe + hvu(150 nm) 9x10°s™ [71]
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Table 2.

Parameter

Value

Gas mixture Ne—Xe

Gas pressure

Gas temperature

Gap length

Cathode region length

Electrode area

Applied voltage

Dielectric capacitance
Coefficient of secondary emission

Initial electron density

10, 20, 30% of xenon in neon.

p,= 300, 400, 600 Torr
T,= 300 °K

d=5mm

de,=3 mm

A=1cm?

V.= 15,2, 3KV

Caie= 100, 230, 400 pF/cm?
y=0.1,0.25

10% cm™3
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Figures list

Figurel. Scheme of the discharge

Figure 2. Time evolution of the discharge current I, voltage across the positive column V,,, voltage at the
cathode region V, and the voltage across the dielectric Vp,

Figure 3. Spatial distribution of the electric field, electron and ion densities in the cathode region at six different
times of the discharge pulse.

Figure 4. Temporal evolution of the concentration of: (a) charged particles, (b) excited atoms and molecules, (c)
photonic species.

Figure 5. Time variations of: (a) the discharge current pulse, (b) the electric field at the cathode for three values
of applied voltage V,,= 1.5, 2 and 3 kV.

Figure 6. Time variations of the photon hv (173 nm) density for three values of applied voltage V,,= 1.5, 2 and 3
kV.

Figure 7. Time variations of the: (a) discharge current, (b) photon hv (173 nm) density for three values of xenon
in neon 10%, 20% and 30%.

Figure 8. Time variations of the secondary electron current due to the photon impact on the cathode ], 1, for
three values of xenon percentage in neon 10%, 20% and 30%.

Figure 9. Time evolution of the discharge current for three values of gas pressure p; = 300, 400 and 600 Torr.
Figure 10. Time evolution of: (a) the 173 nm photon concentration, (b) the Xe, ( *£) concentration for three
values of gas pressure p, = 300, 400 and 600 Torr.

Figure 11. Time evolution of: (a) the metastable state Xe (*P,) concentration, (b) the resonant state Xe (°P;)
concentration for three values of gas pressure p, = 300, 400 and 600 Torr.

Figure 12. Time evolution of: (a) deposed power density, (b) the 173 nm photon concentration for three values
of dielectric capacitance Cgy = 100, 230 and 400 pF/cmz.

Figure 13. Time evolution of the discharge current I, plasma voltage V;,j,s and the dielectric voltage Vi, when the
sheath is not considered.

Figure 14. Time evolution of: (a) the discharge current, (b) the 173 nm photon density for two values of

secondary electron emission coefficient y=0.1 and 0.25.
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Figure 2
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Figure 4
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Figure 5
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Figure 6
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Figure 7

= .
o N

(o]

Current density (A/cm?2)

Density of hv 173nm (cm’®)
- . = [y =
o o L <L <

[EEN
o
w

P, = 400 Torr, Vap=3 kv

NeXe-10%

@) |

--------

o
.
.
®
.
.

P, = 400 Torr, Vap=3 kv

NeXe-10%
-=== NeXe-20%
.......... NeXe_go%

200 400 600 800 1000

Time (ns)

1200

25



Figure 8
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Figure 9
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Figure 10
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Figure 11
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Figure 12
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Figure 13
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Figure 14
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