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Modeling of Wave Driven Molecular (5| No, No—Ar)
Discharges as Atomic Sources

Carlos M. Ferreira, Elena Tatarova, Vasco Guerra, Boris F. Gordiets, Julio Henriques, Francisco M. Dias, and
Mario Pinheiro

Abstract—Microwave H, N2, and N,—Ar discharges driven by the conditions at the end of the source determine the initial
traveling surface waves are investigated as sources of ground stateconditions for the postdischarge.

N(*S), H(1s) atoms. The dissociation kinetics is discussed in the  The gegree of molecular dissociation strongly influences
framework of theoretical models based on a self-consistent treat- . o . .
ment of the main discharge balances, wave electrodynamics andthe Who!e _d'SCharge kinetics, thus the Stpdy of dissociation
plasma-wall interactions. Itis shown that the number density of hy-  Kinetics is important on a fundamental basis too. Furthermore,
drogen H(1s) atoms depends heavily on the wall conditions at low the volume and surface kinetics in discharges operating in
pressure conditions. The kinetics of N{S) and metastable N{D)  molecular gases are strongly coupled. As is well known [5],
and N(*P) atoms and of the molecular N(A”X#) metastable state yhe gurface reactions, particularly those involving dissociated
in a pure N, discharge are shown to be strongly coupled. One pos- . . . L
sible way to control and to enhance nitrogen dissociation is the use atom;, play a Cru?'al role in the VYhF"e d'SCharg.e kinetics. .Wf”‘”
of an Ny—Ar mixture. The increase in dissociation degree of § reactions determine the probabilities of atomic reassociation
molecules at high Ar fractional concentration can be attributed and of destruction of metastable species, and thus affect the
to dissociative recombination between electrons and N positive  concentration of atoms and other species in the plasma bulk.
ions. The predicted results for the atomic density are compared g example, wall reassociation of H(1s) appears to be an
with emission spectroscopy data. important surface process at low-pressure conditions [6],
Index Terms—Argon, dissociation, hydrogen, microwave dis- [7]. Concerning nitrogen discharges, the kinetics of atoms
charge, modeling, nitrogen, plasma-wall, spectroscopy. is usually oversimplified in the theoretical models insofar as
the kinetics of the atomic metastable is not included even
|. INTRODUCTION though metastable and ground state atoms are strongly coupled.

. A Previous theoretical models describing SW discharges have
T HE INTEREST in nonequilibrium molecular plasma%isregarded this important problem [8]-[11].

generated by traveling surface waves (large scale 1onGrpis haper is concerned with the modeling of surface wave
plasma columns or flat plasmas) is motivated by the advaf; an discharges in hydrogen, nitrogen ang-Ir mixtures
tageous properties of these sources regardi_ng plasma ba}ﬁﬁﬁng in view a detailed analysis of the processes of molec-
technologies [1]-[4]. Surface wave (SW) discharges Op&jr,, gissociation, and the establishment of theoretical models,
ating at microwave freguenmes have ﬂ?),('ble operation ag;qp, may be instrumental for discharge optimization regarding
are characterized by high number densities of active neutigl, ooquction of atomic species. The basic point of interest
species. In fact, of major importance are long-lived SpeCig e js the analysis of the collisional and transport processes
_SUCh as ground state gtoms. For example, nitrogen atoms r_%?ponsible for the balance between creation and loss of atoms
important precursors in surface treatment processes WHI€,e|| as the influence of the wall on this balance. In wave
i . , all the balances governing discharge produc-
the deS|gn and developmerjt of nltrpgen -at.om sources co Hﬁ(such as the ionization, heavy particle and thermal balances)
be essential for the synthesis of gallium nitride (GaN), a widge yongly correlated and inevitably coupled with the wave
ba_lndgap semllconductor whose pr_op_ertles have revo'UI'on'Z_quctrodynamics [8]. For this reason, the processes of molecular
microelectronics and optoelectronic industries. Some peculiksqciation must be analyzed taking into account these inherent

plasma devices involve remote plasmas; such setups use;fhg jenendences along with the effects of plasma-wall interac-
energy transferred in a tubular discharge which is carried 'H}Sns

the flow to the processing reactor [3], [4]. In this case, nitrogen |, present work, molecular dissociation is studied on the
atoms are present in the postdischarge mainly due to thﬁé{sis of self-consistent models, which include coupled equations

f’:\x!al tr'anslport. TTereforeh, th? orp])tlm|zat|on of such "’,‘ sysFe{&, the plasma bulk describing the kinetics of free electrons,
is inevitably coupled to the discharge source operation singg, \iprational kinetics of electronic ground state molecules

[N2(X'S7,v), Ho(X' S, v)], the kinetics of excited electronic
_ _ _ states of molecules[Hy (X, c*IL,, 30t &®II, , BI1S,
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Fig. 1. Experimental setup.

wave power balance are further incorporated in the systemgaftes and creates its own propagation structure [12]. The wave
equations. powerP is progressively absorbed by the free plasma electrons,
A detailed analysis of the dissociation kinetics ig, N>, and  which dissipate this power in collisions with the gas particles.
No—Ar discharge is presented. In particular, the important ahus the wave power decreases along the discharge and this
pect of plasma-wall interaction is addressed. It is shown that tbeuses a decrease of the electron density and a change in the
concentration of H(1s) atoms in pure ldischarges is strongly wave propagation characteristics along the wave path. The en-
influenced by the wall loss probability, which in turn dependergy transferred from the electrons to the gas particles is subse-
heavily on the wall conditions, in particular on the wall tempeiguently redistributed by numerous elementary processes among
ature. Itis further shown that, the volume kinetics of metastaltlee translational (gas temperature) and internal (vibrational, ro-
atoms and their interactions with the wall have a significant itational and electronic) degrees of freedom of the heavy parti-
fluence on the dissociation processes in nitrogen dischargescles. Thus, there is a strong coupling between bulk plasma ki-
the Nb—Ar discharge, Ar atoms strongly influence the dissocietics, wave electrodynamics and wall conditions. Inhomoge-
ation processes of nitrogen molecules as a result of the coniéous wave-to-plasma power transfer results in axial variation
bution of dissociative recombination between electrons and Nf all discharge quantities.
ions. The theoretical predictions for the ground state atom den-The following situation is considered in the present article.
sity are compared with emission spectroscopy data. The plasma column is sustained by an azimuthally symmetric
The organization of this paper is as follows. In Section Il w€TM mode,m = 0) surface wave at a microwave frequency
review some aspects related to the basic features of travelifigs w /27 (500 MHz and 2.45 GHz) in a cylindrical dielectric
wave sustained discharges and the self-consistent modelindutife with permittivitye; and internal radiug? (Fig. 1). The
such systems. Sections lll is devoted to the detailed analysisagve field components in cylindrical geometry &g E., and
the molecular dissociation of discharges operating in N, H,. The expressions for the field components are well known
and N—Ar. Finally, in Section IV we discuss the basic resultand can be found elsewhere [8]. Thecoordinate is directed
and conclusions of this work. along the tube axis and the wave propagates atongh wave
vectork = a + i (6 anda are the axial wave number and the
attenuation coefficient, respectively). As the wave propagates
and creates its own propagating structure, the wave power flow
decreases since its power is progressively absorbed by the
Surface waves are guided waves, which travel along the intéfectrons. Therefore, the gas is excited, ionized, dissociated
face between two media, for example a plasma and a dielectdfd heated. Three important interrelated aspects of discharge
The waves are called surface waves because their field amplysics must be investigated self-consistently, namely [9], [10]:
tudes have a maximum at the plasma-dielectric interface andl) axial variation of different steady-state discharge bal-
decay both in the plasma and the air away from the boundary ances—electron and heavy particle balances, electron
(see Fig. 1). Discharges driven by surface waves have an ex- energy balance, gas thermal balance, etc.;
tended active zone of operation outside the launcher becaus@) characteristics of the surface wave propagation along the
the plasma is sustained by a wave which simultaneously propa- generated inhomogeneous plasma column, i.e., axial vari-

Il. BASIC FEATURES AND SELF-CONSISTENTMODELING OF
TRAVELING SURFACE WAVE SUSTAINED DISCHARGES
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ation of wave dispersion characteristics and wave powerThe electron transport parameters and the rate coefficients, as
balance; calculated from the EEDF, are functions of the reduced HF elec-
3) plasma-wall interaction resulting in an axial change of theic field E(z)/N(z) (N(z) is the total density of the neutrals
interface conditions, i.e., the conditions atthe wall.  andE(z) = \/E2(z) + E2(z) whereE,.(z) andE. (z) are the
For a self-consistent modeling, the input parameters are taglially averaged wave electric field components in the plasma
usual externally controlled ones: gas pressure, wave frequenatya given axial position) sustaining the discharge.
tube radius, and the power delivered to the launcher or the elec2) Heavy Particle  Kinetics:The  population  of
tron density at the position of the launcher. H2(xlz;r7v) and Nz(xlz;r’v) vibrational levels have
It is beyond the scope of this paper to discuss all the prgeen determined from the usual coupled system of master
cesses occurring in the molecular plasmas considered. In §giations taking into account (i) vibrational excitation and
section we will _only addre_ss a number_of imp(_)rtant issges f@k-excitation by electron collisions (e-V processes); (i)
the understanding of the discharge basic workings and in orq@§ration-vibration (V-V) exchanges; (i) vibration-translation
to briefly describe the set of equations used. These equatiwsT) exchanges in collisions of NX1S, v) with N, N and
are strongly c.oupled and ha\(e begn §olvgd altogether ina C@P-and of |_b(X1E;r7 v) with Ha, H; (iv) gohe-quantum energy
sistent way. Since only the axial variations in the discharge Profchange in collisions of lez;,u) and I—b(Xle,v)

erties, and not the radial ones, are of concern here, the plam the wall. Note that only single—quantum transition
column is assumed to be radially homogeneous for simplici%mch are the most likely ones, are usually considered in

Under the conditions considered, the wave electric field pene- L
. . . e (V-V) and (V-T) collisional exchange processes. The
trates into the whole plasma cross section (see Fig. 1), therefor . .
exception concerns V-T exchanges ig-Ml and H;-H

: : Fole
there is power absorption across the whole plasma. Although «?” ions for which multiquantum transitions are known to b
approach used is likely to introduce some errors in the descrlp- slons 1o ch mutiquantum transitions are xno 0 be

tion of wave propagation and electron kinetics, it neverthele p_ortgnt. For hydrogen ther_e exists an efflc_:lent_wbratlonal
gxcitation mechanism (especially for upper vibrational levels

enables one to deal self-consistently with the coupling betwe > S Lot
kinetic and electrodynamic aspects. The above system of eqtia> ) thgough electron impact excitation of the;t " >.[)
nd H(C'IL,) states followed by fast decay to excited

tions is discussed below. ana r ) .
vibrational levels of the electronic ground statg(K'>.}, v)

) o [6]. A detailed list of processes and corresponding rate
A. Particle Kinetics coefficients is given in [6]-[11], [14], [16]. A large number of

1) Kinetics of Plasma ElectronsThe electron energy distri- collisional-radiative processes involving electronically excited

bution function (EEDF) of free plasma electrons is determinétiates of M and H molecules and Ar atoms was taken into
by solving the homogeneous, quasistationary electron Boltznzgisideration in the models developed. A list of the major
equation. The range of applicability of this approximation foPTOCESSES with the corresponding rate coefficient was given in
surface wave produced molecular plasma is discussed in [18F€Nt works [9], [10], [14].

The quasistationary approach is valid inasmuch as the frequency

of the applied HF field is much higher than the characteristic frg; charged Particle Balance and Maintaining Field

quency of electron energy relaxation. Further, under the present

conditions, the electrons are not radially in equilibrium with the For the self-consistent determination of the electric
local reduced electric field at each radial position; the EEDF field maintaining the discharge a balance between the
rather determined by some radially averaged value of the rates of charged particles production and loss has to be
duced electric fieldE(z)/N(z)—at a given axial positiorr. obeyed. For example, in order to determine the electric field
This radially averaged value is called the maintaining field &(z) = \/FE2(z) + E2(z) maintaining a steady-state,NAr

a givenz, which is determined by the charged particles balandéscharge the continuity equations for electrons and positive
(see below). Assuming the anisotropy caused by spatial inhions[N3, N, Art Ar}] together with the quasineutrality con-
mogeneities and the field to be sufficiently small, the electratition [n, = N + N + Ar* + ArJ] are solved consistently. In
velocity distribution is approximated by the usual two-term exact, the field strength necessary for the steady-state discharge
pansion in spherical harmonics [13]. Inelastic electron collisiomperation is obtained from the balance between the total rate of
of the first and the second kind and electron—electron collisiommization including direct, associative ionization [between the
are accounted for. Since vibrationally excited moleculesn Nnetastables NA®YF) and Ny(&'X7)], pooling ionization

and H, discharges constitute an appreciable fraction of the tofaivolving Ar(1Py,3P,,3P;,%P,)] and step-wise ionization
molecular population, the EEDF is generally a functional of therocesses [from NA3Ej, a'y;, B%I,)] and the total rate of
vibrational distribution function (VDF) of the electronic grouncelectronic losses due to diffusion to the wall and electron—ion
state of H(X'X}, v) and Ny(X' S, v) molecules. The explicit bulk recombination (see Table I; here the symfok/N) is

form of electron Boltzmann equation used for calculations carsed to note that the electron rate coefficients for the corre-
be found in [14]. The electron cross sections used are the saspending processes are calculated from the electron Boltzmann
as in [6], [7], and [15] for H and as in [8]-[10], [14] for N equation. Data for recombination coefficients are taken from the
and Ar. The reader should refer to these works for more detditerature as a function of the electron “temperature”, 2¢3
concerning electron kinetics description. of the electron mean energy for the present non-Maxwellian
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TABLE |
Process Rate constants (cm’s™") Ref.
e+ N,(X'Zr,v=0)> N} +e+e Z,=f(EIN) [16]
e+ N,(A’L:) > N} +e+e Z,=f(EIN) [17]
e+Nz(a’E;)—) N} +e+e Z;= f(E/N) [18]
e+ N,(B',) > N +e+e Z,=f(EIN) [19]
e+Ar—> Ar +e+e Zs=f(E/N) [20]
N,(A21)+ N,@'s;) > NI +e 0.9x 10" [21]
N, (AED)+ N, (@"S;) » N, (X'S;, v = 0)+ N; +e 0.1x10™" [21]
N,(@'2;)+N,(@"E;) > Ny +e 0.9x5x 10" [21]
N,(2"27)+ N, (@"2;) > N, (X'E!, v = 0)+ Nj +e 0.1x5x10™ [21]
e+ N} = N(*S) + N(*S) o =4.8x10_7( 300 J% [22]
’ T.(K)
e+ NJ - N,(X'E, v =0)+ N, (X'Ef,v = 0) _2 10_6( 300 J% [22]
L.(K)
e+Ar; > Ar’ +Ar a@,, =5.06x107(T,(eV))*" | [23,24]
Arls, )+ Ar(s,) > Ar('S, )+ Ar* +e k, =369x1070\T, | [24]

EEDF’s). Taking into consideration the processes mentionealues must be incorporated self-consistently into the models.
above, the electron continuity equation reads: Under nearly isobaric conditions, neglecting the axial transport
of the particles and assuming a parabolic gas temperature radial
profile in agreement with experimental evidence [25], the sta-
tionary gas thermal balance equation can be written in the form

’I”LeNgzl —I—n N2(A)Z2 +7’L N ( I)Z3 +7’LENQ(B)Z4

+nAZs + kb, ZZAr DA (s;) 6]
7j=11:=1
+ N2(a)N2(A)Zassl + NZ(G/)QZaSSQ SA( )(T T ) Qin (2)

R2
Here, T, is the radially averaged gas temperat(ig s the wall
(1) temperature and(Ty) is the gas thermal conduction. Thermal

, conduction to the tube wall usually is the main gas cooling
where Ad, B denote the statesA’ST, &', B’IL,), re-  mechanism. The wall temperature is introduced as an input pa-
spectively,D,. is an ambipolar diffusion coefficient for elec-rameter, either determined experimentally [8], [9] or by semi-
trons in the presence of several types of ions apg is an  empirical formulas [10], [15]. It was found that the measured
effective diffusion length (which is determined assuming thakial distribution of the wall temperature for the hydrogen dis-
all types of ions reach the corresponding ion sound speedchirge can be well fitted by the semi-empirical formula [15]
the plasma-sheath boundary) [14]. The expressions for the am- 5
bipolar diffusion coefficients of the different types of ions and Tw =To + C(WR)
for the electrons are given in [1], [14]. Note that the electropere, T} is the room temperature in K (in Watt/cn?) is the
continuity (1) is strongly nonlinear iy due to the strong de- specific discharge power is the tube radius in cm, and
pendence of the electron rate coefficients on the electric fielshd 3 are fitting parameters. The axial variations of the wall
Small changes in the field result in large changes in the high-eéamperature in B-Ar mixtures is calculated by the formula
ergy part of the EEDF, and thus in the electron rate coefficients
for excitation and ionization. T(z) = Tw(z = ) — const(dP/dz)

A2 ST arlne[N ]+ arzne[N4] + a,,gne[ArQ]
eff

) as obtained by a fit to experimental data (Fig. 2) [11]. Here,
C. Gas and Wall Heating the dependence on the wave power absorbed per unit discharge
The gas and wall temperatures influence strongly the rate dength(dP/dz) is introduced. The position of the wave launcher
efficients for numerous bulk and surface reactions. Thus, th&rat z,,.



FERREIRAet al. MODELING OF WAVE DRIVEN MOLECULAR (Hz, N2, N2—Ar) DISCHARGES AS ATOMIC SOURCES 649

o e e By differentiating (3), the following equation is readily obtained

600 | for the axial gradient of the electron density:

A A dne 2am,
. R | T @)
] J This ordinary differential equation, stemming from basic elec-
: A " " . trodynamical relations, correlates in a self-consistent way the
. : axial variation of the wave characteristics and the discharge pa-
: u rameters. Under the assumption of a slow variation of the plasma
400fF 4 m A N,(90%)+Ar(10%) - permittivity along the wave path, “local” field equations with a
1." " N(50%)+Ar(50%) local dispersion relation are used in order to describe the dis-
: charge electrodynamics. The wave dispersion properties, i.e.,
300} --- é.‘f?!‘f‘ﬂf thedischarge ... tothelaucher | the attenuation c_oeff_icier& and wave numbe@ are deriveq .
A T T S S ST TP S S as usual by considering the equations expressing the continuity
2 0 2 4 6 8 10 12 14 16  of the field tangential components across the plasma-glass and
Az (cm) glass-air interfaces (for details see for example [26] and refer-
o o . _ ences therein). This yields a set of homogeneous equations, with
O e oo e SSPECL 0 he electricfeld cormponents. The corresponding de-
discharge). terminant must vanish in order that a nontrivial solution exists.
The latter relation provides a local wave dispersion equation

. ) (LDE), which can symbolically be expressed as [26]:
The right-hand-side of (2));,, accounts for the net power

transferred per unit volume to the translational modes from D|w/wpi(2), wl/c,ve(2)/w,ea, K= a +jB] =0, (5)
volume and wall sources of heat. The bulk excitation proces

T, (K)
4

SFRerewyi(2) = (neg(2)e?/mee,) /? (e, m. are the electron
. . . . pl eff eco s e
of vibrational states of bl and N> followed by vibrational charge and mass respectively,is the vacuum dielectric per-

relaxation via N-No, N2"?|1' Na—Ar, Hy-H, ';Q'Hfocowz'ogs mittivity) and n.g and veg are w-dependent effective values
constitute important gas heating sources [9], [10], [15]. ttr@f the electron density and total electron—neutral collision fre-

high degrees of ionization peculiar for discharges operating ency [26]. The numerical calculations are made in complex

micro;/vave frequencies, exothermic pooling r_eactions betwe f@ebra. The (5) is solved locally for any positiewithin the

N2 (A7) metastables should also be taken into account [g]geometrical optics approach i.e., the plasma is assumed locally

homogeneous in axial direction [26]. According to the experi-

Na(AZS]) + No(A%S]) = Na(X'3, 0) + No(CTT,) + AE mente?l situation, solutions for C(Ens![amtand vargi]ableveg(z:)p

Na(A’SH) + No(APSH) — No(X'SF,0) + No(B’ILy) + AE  andn.g(z) along the wave path are searched. For each value of
_ o . verf(z)/w the two real parameters, ., (2) andfj,, . (z) vs

Moreover, ion acceleration in the sheath with consequent geny () are obtained.

eration of “hot” neutrals, gas phase species interactions with the

surface (such as de-excitation of metastable particles and vibfra-Method of Solution

tionally excited states of molecules on the wall) and wall reas- An example of the flow-chart of the solution algorithm used

sociation of atoms also contribute significantly to the total 938 order to solve self-consistently the system of equations is de-

heating. picted in Fig. 3. The input parameters of the model are the wave
frequencyw/2m, the tube inner and outer radil and R, re-
D. Wave Power Transfer spectively, the pressuge the electron density at the position of

The theoretical treatment of the wave-to-plasma pow#te SW launchen.(zo) (or the total power needed to sustain the
transfer is based on a simultaneous solution of the wave a#igcharge) and the initial value of the wall temperatiifé o)
the electron power balance equations [8]-[10]. Consideraithe position of the launcher.
plasma slice of thickness\; at the axial position z. The The procedure starts with arbitrary values of the electric field
amount of wave power locally absorbed by this plasma slicefs maintaining the discharge, the vibratiori} (introduced
AP = 6(2)Sn.(z)Az, (S denoting the plasma cross-sectio@s a measure of the degree of vibrational excitation [14]) and
andf is the mean power needed to maintain an electron—idte gas(7,) temperature. The electron Boltzmann equation is
pair [8], [9]). Under steady-state conditions, the spatial rate 8lved by iterations. In the calculations of the EEDF, the ac-
wave power changéP/dz is equal to the power absorbed bycuracy achieved in the electron power balance equation (ob-
the electrons per unit discharge length. The local power balarig#ed as a third moment of the electron Boltzmann equation

equation is therefore and yielding the value of) is better tharl0—°. By using the
rate coefficients for electron impact processes, the nonlinear set
6(2)Sne(z) = _dp of equations for heavy particles anq ions_ is solved by applying
‘ dz the Newton-Raphson method. By iterations, convergent solu-

_ _ z / tions for the VDF and the vibrational temperaturg are ob-
= 20(2)P(z0) eXp( ,/ZO 2a(z) dw) ) tained for given value of th& field. The electric field is then
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density at the position+ Az. Then a new value of the wall tem-
o R R, EZ:TZ{,’ - perature is obtained from the semi-empirical formula used. The
Y n 1;, E*;M v enpre loop (3) is then repeated for the next axial posmo_n. So,
point-by-point, the discharge and the wave characteristics are
Y calculated along the plasma column untilreaches the critical
Solve Boltzmann equation |- valuen®[w = (n.e?/me.e0)'/?], where it is assumed that the
discharge stops.
v The calculated results include the axial variation of the
Calculate electron impact and EEDF and its integral€)(z), n.(z), the VDF of the electronic
transport data ground N(X'X}, v) states,, the population densities of the
¥ electronically excited states KNA*“* aly, B*II,, C3IL,,
—— alll,, whA,), Ar(1Py, 3Py, Py, P,), positive ions(N3, N7,
Calculate "‘brf.“onal master M Art Arf) and nitrogen atoms in the ground state!S)
cduations electric field £, gas temperaturd,, and wave attenuation
Y coefficienta. and wave numbes.
Calculate populations of
electronically excited species I1l. DI1SSOCIATION KINETICS IN Hsy, Ns,
and charged particles AND No—Ar DISCHARGES
A. Molecular Dissociation in K Surface Wave
Sustained Discharge
Continuity eq.

New £ — Ina pure hydrogen discharge, the H(1s) atom density is deter-
mined by the mechanisms listed in Table Il. Dissociation of H
molecules with formation of two hydrogen atoms in the ground
(2) state H(1s) results mainly from direct excitation of the repulsive
Solve gas thermal balance eq. state H(b*%;) by electron impact of intermediate and high-en-
ergy electrons on kHimolecules as well as from the excitation
of bound triplet states Hc’I1,,, a* X}, e*;}) followed by fast
radiative decay into the Hb3X 1) state. Therefore, the sum of
the rate coefficients for the excitation of these states appears as
a rate coefficient for the dissociation of,Hby electrons. Dis-
sociation by electron impact yielding(is) + H(n = 2) and
Solve wave dispersion equation H(1s) + H(n = 3) are further considered. Dissociative attach-
(a, dovdn,) ment of slow electrons to vibrationally excited; Hholecules
* Y| and mutual neutralization of electrons and negative ions H
with positive ions are also sources of ground state hydrogen
ne = ne (z+4z) atoms.

The ground state atoms are mainly destroyed through hetero-
geneous reactions on the wall. Such interactions are taken into
account in a one-dimensional bulk model by using radially-av-
eraged rates of wall losses, (in s—1) expressed in the form

( R? L 2R )‘1
Vp | —— + —
End 58D  ~(v)

where D is the diffusion coefficient{v) is the particle mean
velocity close to wall andy is the probability of wall deacti-
vation, i.e., the fraction of wall collisions leading to losses of
the species. A pyrex wall is considered. The loss of H atoms at
varied to satisfy the electron continuity (2). For the electric fielpw-pressure conditions is mainly controlled by wall reassocia-
determination, an accuracy better thim> is achieved. As a tion, due to their fast diffusion to the wall and the small value
result of this iterative loop, convergent solutions for the heawf . Thus the diffusion term can be ignored in determining the
particle density, the VDF and the electric field maintaining thtotal wall loss rate. According to the results in [7] the following
discharge is achieved for a given value of the electron densitll temperature dependence has been useglfor

n.(z). Then, the gas thermal balance (3) is solved and a new it- 840

eration procedure (loop 2) determines a self-consistent value of YH = 7o €Xp {— T } (6)

T,. Using the self-consistently calculated valuesigf(z) and v

ver () the local dispersion equation (LDE) is solved in complewherey, = 1.2 x 1072 ory, = 6 x 10~2. These two values
algebra. The integration of (5) yields a new value of the electrarf v, and the wall temperature dependence (6) describe rather

satisfied ?

New T,

Ne > N critical

T,=T,(z+42)

Fig. 3. Flow-chart of the model.
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TABLE I
KINETICS OF THEGROUND H(1s) STATE ATOMS IN HYDROGEN DISCHARGE

Process Rate Coefficient | Reference
(em’s™

e+H,(X'Z},v=0) > [27]
SE/N)

e+H,(b’2;,a’s], ¢’ e’S)) — e+ 2H, (ls)

e+H,(X'S],v=0) > e+H(ls)+ H(n = 2) NE/N) [28]

e+H,(X'S},v=0) > e+H(ls) + H(n = 3) SE/N) [28]

o] os [7]
H(1s) + wall > —H,(X'%;,v = 0) + wall
2

e+Hj — H(1s) + H(1ls) 3x107° [29]
(300/T.)>?

e+H73 — H, +H(1s) 1.55x107 [30]
(300/T)*”

H™ +H(ls) > H,(X'E},v=0) +e 1.8x10~° [31]

H™ +H} —3H(ls) 2x107 (300/Ty) | [6]

H™ +H} — H, +2H(1s) 2x107 (300/Ty) | [6]

well different experimental measurements which can be spli 10— ——————7—1——
into two data sets. The difference in approximately a factor o p=02 Torr
5 between the values of; for these two sets can be connected or R=2.25cm (Pyrex) | 1
with different technologies for the production of Pyrex glass: i) I '
large difference in the roughness factors; ii) large differences il 8F .
the surface densities of chemically active sites, which contro~ [
the value ofyg. This could be connected, for example, with é; r 7
different surface densities of admixtures, defects, partial occLx< [ T
pation of active sites by chemically nonactive molecules, etc. 61 7
Wall reassociation is usually associated with chemisorbe: I ]
atoms, i.e., irreversibly adsorbed atoms at active sites on tt St 7
wall. The surface is covered with a small fraction of such active I
sites. Chemisorbed atoms can recombine with atoms arriving i 4r ]
the active sites either directly from the gas phase (Eley-Ride: L

mechanism) or from physisorbed (reversibly adsorbed) atom: %20 ' 3:10 ' 3el;o ' 3éo . 400 420 . 4210 . 4€I50
by diffusion along the surface (Langmuir-Hinshelwood mecha-
nism) [32]. The losses of gas phase atoms on a Pyrex surface
the range of wall temperaturéy, < 500 K may be attributed to
the Langmu'r'HmshelWOOd mechanism [7], [15]. This fact Capig. 4. Wall temperature dependence of the degree of hydrogen dissociation.
be recognized on Fig. 4 where the dependence of the degree of

dissociation on the wall temperature is depicted. An externally . ) . ]

forced “local” (at a fixed axial pozitiom\z/L, = 0.17 in re- of atomic hydroggn to the integrated intensity of the Fuleher
spect to the plasma column enid, = 18 cm) cooling/heating 2and system emissio@’II;,v" — a®XF,v") (Q branch) of

of the tube wall of a surface wave sustained discharge operatiiglecular hydroger, (see Fig. 5) [33]-{35]

at 500 MHz has been performed. Clearly, the number density of )

H(1s) atoms decreases wheép locally increases up to about I, (0§ Ve) 2Kq (om,Ve) 7

400 K, thus following the wall temperature dependence of the In,  (omVe)  1—Kg(omVe) %

wall reassociation probability (6).

The dissociation degree of hydrogen molecuiéswas de- Here(og, V.), (c§*V.), (o, V.) are the rate constants (aver-

T, (K)

termined by applying an emission spectroscopy method basegbd over the electron energy distribution under assumption, in
on the measurement of the ratio of theg hne intensity7y, this case, of Maxwellian electron energy distribution function
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2,0 T T v T T close to the end. The theoretical results are in closer agreement
H, with the experimental ones when a higher reassociation proba-
bility is assumed. As seen, there is drastic dependence of the

161 7 degree of molecular dissociation on the wall conditions. De-

pending on the wall reassociation probability the relative atom
ol 1 density [H(1s)])/[R] can vary significantly [15]. Thus the ob-

“ 100 tained results suggest that the external change of the wall tem-
perature can be used to achieve dynamic control of the molec-

08k (1-1) ] ular dissociation in hydrogen discharges.

Intensity (arb. units)

B. Molecular Dissociation in N Surface Wave
Sustained Discharge

The main source channel of ground state*$)( nitrogen
atoms in a microwave discharge at low pressure conditions is
electron impact dissociation according to the reactions

(3-3) 4

Ll bt
'6000 6200 6400 6600

e+ No(X'SF, v =0) — e+ N(*S) + N(*S)

A (A)
e+ No(X'ST, v =0) — e+ N(*S) + N(*D).
Fig. 5. Emission spectrum of an hydrogen surface wave sustained discharge
= 0.15 torr,w/27x = 500 MHz, R = 2.25 cm, Pyrex tube). . - L
v Blorh, /2 = 5 ‘ > cm, Pyrex tube) Dissociative recombination between electrons agiddtis con-

stitutes another source channel

0,6 T T T T T
| p=0.15Torr . _
oR2r=500MHz _ — — = = ~ R e+ NJ — e+ N(*S) + N(*S).
05F -~ - 1=1.107exp(-840/T,) S
id ; Atomic re-association on the wall is one of the loss channels of
04} 4 N(*S) ground state atoms:
z . 1
= 03} ] N(*S) + wall 5 SN2(X 5T 0 =0).
02} E } E E i Here, ¢ is the probability of wall re-association whose value
I E ] depends on the surface conditions [32].
01k [ R R R Other loss channels for ground state atoms are electron im-
’ 1=6.107exp(-840/T, ) T pact excitation to atomic metastable states
0,0 1 1 L 1 " L " 1 4 2 2
0.0 0.2 04 06 0.8 e+ N(*S) — e+ N(“D, “P)
AZIL, and quenching by metastable M) molecules
Fig. 6. Axial variation of the hydrogen atom relative number. Nz(A?’Ej) + N(4S) N N2(X12;76 <p< 9) + N(2P).

of free plasma electrons) for excitation of (4”11 ) level, dis- These reactions do not correspond to complete loss of ground
sociative and direct excitation of ti&, line, respectively, and state atoms because the metastable atorf® &) so formed
V. is the electron thermal velocity. Data for cross sections, traare partly converted back to the ground staté3y by electron
sition probabilities and radiative lifetimes are taken from [34kuperelastic collisions, destruction at the wall and quenching by
Conventional probe diagnostic techniques described elsewhiemolecules (see Table IIl). Therefore, the volume kinetics of
have been applied in order to obtain the electron temperéture atoms excited in metastable states and their interactions with the
The experimental results for the axial variation of the relativgall have a significant influence on the dissociation processes
H(1s) number density along the plasma column and the modela nitrogen discharge. The kinetics of 2l)2P) metastable
predictions for two scaling values §f are shown in Fig. 6. The states is taken into account by considering the source and the
axial position is normalized to the total discharge lendth, in  loss channels listed in Table 1ll. When metastable atoms dif-
such a way that\z /Ly = 1 corresponds to the position of thefuse to the wall they are destroyed by quenching or reassocia-
launcher and\z/Lr = 0 to the plasma column end. Due tation into N, molecules. In the present model, we assume that
the strong dependence of the wall reassociation probability artertain fractiorf of metastable atoms arriving at the wall are
the wall temperature (which decreases toward the end) the H(d@sgnched to ground state 9§), while the remaining fraction
density could be expected to increase toward the plasma columa ¢ recombine into N molecules. In order to demonstrate
end. However, the decrease in electron density reduces the thgesensitivity of the results to this parameter, the axial varia-
of dissociation, and the relative number of hydrogen atoms fatlen of the relative concentration of ground state atoms for two
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1,0 — ey M— .
KINETICS OF THEN(2D) AND 1I;lp(\’-I’BI'L_)EATI:DIM|c METASTABLE STATES IN A | P= 0.5 Torr Ar'|(7503.9A) ]
NITROGEN DISCHARGE N2(92%)-Ar(8%) N |(7468.3A)
Process Rate Coefficient (cm’s ") Reference 08F l
Rl | e+N; - e+N(*S)+N(D) JE/N) [21]
R2 | e+N(*S) & e+N(*D) JEIN) [36] o 06} s
R3 | c+N('S) > e+N(’P) JEN) 136] § N 1(7442.3A)
R4 | ¢+NCD) > c+N(P) JEMN) [36] o
R5 | NCD)+N; - N(*S)+N, 10"3exp(-510/Ty) [37] 5 04F
g
R6 | NCD)+N(P) > Ny'+e 10" [38] -
R7 | Ny(A)+N('S) > » 02}
Ni(X,6<v<9)+NCP) 410 21] | i |
R8 | N(*S)+N(*P) - N(*8)+N(*D) 6x10™ [38] 0.0 lm..;m ! AL ! _ Sl
R9 | N('S}NCP) - NC'S)N('S) 1.8x10™? 38] 7420 7440 7460 7480 7500 7520
R10 | NCP)+N; > N(*S)+N; 6x10™* (38] A (A)
RIT | NCPHNy(X'Z7,v210) —
NCS)+N(A) 10™exp(-1300/Ty) [38] Fig. 8. Emission spectrum of the,Mlischarge.
Ez i:;fuu:izz Zi zgll)))) ::t:l::,v:: ;Igz:z:g:ggj 222;:: S:i ground state ni_trogen atoms ff\ﬂ)]/[Nz]- In order to determine
¢ the concentration of NG) atoms it has been assumed that the
N(3p*S”) and Ar(2p; ) excited states are principally populated
4x10” — 77— by direct electron impact excitation of the atomic ground state
and lost by radiative de-excitation or quenching by nitrogen
~— tothe end molecules and argon atoms.
3102 F i The relative concentration of ground state*Sl atoms can
£=08 be calculated using the relation [11]:
_ - T [N(*S)] _ R(750) hv(zs0) Azso Kar
Z 2x10° | _--" - [N2] R(744) hv(744) Azaa kx
Z i % _ - o5 | ) {ZAN + KR, [N2] + K%[Ar]} [Ar] 1(744) ®)
otk % : {S A} + KEN] + KAT[AN} [N 1(750)
/ Here,_, AL, > A;}r are the emission probabilities for all the
F l radlatlve de-excitation processes from the considered excited
0 R S T T S levels (Arss = 1.06 x 107 s7! and Ayso = 4.72 x 107 s71),
0,0 0,2 0,4 0.6 08 1.0 R744) andR 750y represent the spectral response of the system

AzIL at 744 and 750 nm respectivelyﬂg =38 x 1071% cmPs!
o 7 Relat _ - _ | and K, = 3.8 x 10710 cmPs™! are the quenching coefficients
(L?IA);'(——e—a}ul% c:?gtﬁzzgggo& ;scgggeixier;mtﬁ?:?w /;”.f asurementSof the N(3p*S”) state by Ar atoms andj\fnolecules. The mean
GHz, R = 0.7 cm). values Iﬁ =32 x 107" cmPs~! and K3® = 1.6 x 1011
cn’s~! are taken for the quenching coefﬂments of excited Ar
different values of is shown in Fig. 7. As can be seen, the relatoms [11], [40]. [N] is the total nitrogen concentration. The
ative concentration of ground state atoms decreases towardttital nitrogen and argon concentrations and the ratio [Ag]J[N
column end, essentially as a consequence of the decrease ircttrebe calculated from the measured gas temperatures (under
electron density along the discharge. The experimental resuitsarly isobaric conditions, by applying the ideal gas jaw:
also shown in the figure, are close to the theoretical ones wh&it’l;;) and the flow rates of the gas components [8], [11]. The
the ( = 0.8 is assumed, i.e., most metastable atoms reachivariations of the ratio k,/kx are accounted for by using the
the wall are converted back to the ground state. experimentally obtained electron temperatures.

The atomic concentration has been measured by applying afrig. 9 shows the contribution of the different destruc-
actinometry technique [40] using Ar as actinometer. The expdien channels of N(S) atoms: recombination at the
iments are performed in a nitrogen microwave discharge operall (full curve): electron impact destruction by the re-
ating at the frequency /2r = 2.45 GHz and pressurg = 2 action ¢ + N(*S) — e + N(?D) (broken curve) (R2
torr. Intense nitrogen atomic lines belonging to the transitian Table Ill); electron impact destruction by reaction
(3p*S’ — 3s'P) have been detected in the emission spectrum+ N(*S) — e+ N(2P) (dotted curve) (R3); and destruction in
of the discharge as seen from Fig. 8. The intensity ratios of thellisions with the metastable statg M>>:) through reaction
two nitrogen atomic lines. = 744.23 nm and\ = 746.83 nm  Ny(A) + N(*S) — N3(X,6 < v < 9) + N(?P) (R7, chain
to theA = 750.39 nm argon atomic line (transitic2p; — 1s;) curve). Close to the launcher, where the electron density is
have been detected as a measure of the relative concentratidmgifier, the destruction processes by electron impact dominate.
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Fig. 10. Percentage contributions of the various creation processes 8§ N(
Fig. 9. Percentage contributions of the various destruction processe$®)f N(atoms along the discharge length: dissociation gftdy electron impacte +
atoms along the discharge lengtht8) + wall — (1/2)N2(X, v=0)(—); N, — N(*S) 4+ N(*S) ande 4+ N, — N(*S) + N(2D)(—); reaction R2 and
reaction R{———); R3(---); R7 (= - —). R3(———);R12and R13---); R5(— - —); R11(--).

2
However, as one moves along the discharge axis toward 1 10 F ! ) ' ) ! ) '

plasma column end, the reaction with M>>.) metastables
starts to dominate. Destruction of ground state atoms at t
wall seems to be a minor loss channel. Nevertheless, the
exists large uncertainties in the collisional data in particular i
the value of the recombination probability of nitrogen atoms :
the wall. Here, we considery = 5 x 10~ [9], [32]. A larger
value ofyx would lead to a higher contribution of wall losses. If
should be emphasized that reactions R2, R3, and R7 do not
stroy effectively ground state ) atoms because most atom:
excited in metastable states trough these reactions subseque
give back N{S). This can be seen in Fig. 10 where the pel
centage contribution of the different source channels GB)(

atoms is presented: electron impact dissociation of(full 0 T
curve); electron superelastic collisions with metastable ator 0,0 0,2 0,4 0,6 0,8 1,0
e+N(?D,?P) — e+N(*S) (R2, R3 broken curve); deactivation [A/(IN,J+AT])

of metastable atoms at the wal(ND, ?P) + wall — N(*S)
(R12 and R13 dotted curve); quenching of?Nf by No Fig. 11. Percentage variation of the positive ion density in-Ar discharge
molecules N?D) + N» — N(*S) + N, (R5 chain curve); as aquctiop of the mixturelgcorrlgositiop E 2 torr,w/27 = 2.45 GHz,
quenching of NRP) by vibrationally excited molecules® =07 cMite = 1.2X 107 m™" = const).
N(%P) + No(X'E/v > 10) — N(*S) + Na(A) (R11 double _ . o _ .
chain curve). Other processes not shown here have negligiylgehs)aL_N( S_) playzaagmﬂfc;gt Irole Iand_ prov:iej_anhlncrease
contribution for the conditions considered. The calculatior} t e |ss|om3t|on hegfree °h2 olecules in E_dr IScharge.
show that approximately 90% of the created metastable atojx sisrte ated to th.e haZt tf at;NlonT are the om|_nanrt1 pos-
give back N¢S). Furthermore R7 is the main reaction for B ltive llc:)ps ﬂenl at d(ljg r ractlong pe;centageshln t el mix-
destruction but it is practically cancelled by the reverse reactiB_ N ( ig. 11). In & ) |t|c_)n toa nun;_ erho source_T_ slnnle? con-
R11 which constitutes the main source of ground state atorfl; 'utmg'Fo N cr_eat_lon inapure N. Ischarge (s_ee ablel), €.,
Thus, these two reactions ensure a strong correlation betw& getron impact ionization, associative ionization and step-wise
the atom kinetics and that of the, A®Y.") metastable. In this lonizatian, fast charge transfer processes
way, the detailed kinetics of metastable atoms ap@ANY ) + +

. . . : u Ar N N Ar
molecules is essential to determine the concentration of ground TRz e Ny +

state atoms as the results demonstrate. contribute also to il production in N—Ar mixture. It should be

. o . emphasized the charge transfer rate increases with vibrational
C. Molecular Dissociation in h-Ar Discharge excitation. Here, the mean valuést5 x 10~1° cm?s~! and

At the high degrees of ionization of the present situation, ti2e81 x 10~ cm®s~! have been used for the corresponding
production of N¢S) by dissociative recombinatian+- Nj —  processes [41]. The relative contribution of the different source
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60 o+ NZ(X12;, ASZU’, le'[g, aqzu.) - Nz‘ +rete 1 0,8} XP. -
__________ 0 A
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= P - S 1 > 0 6 - -
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= 40f ~ N L
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& 20F 1 =
02} .
__— ] p=2.0Torr
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0,0 0,2 0,4 0,6 0,8 1,0 0,0 0,2 0,4 0,6 0,8 1,0
[ArJ/(INI+[Ar]) [Ar/(IN,]+[Ar])

Fig.12. Relative variation of [l ion source channels with Ar percentage£

Ttormm, = 1.5 x 10 m—? = const). Fig. 13. Dependence ofNion relative number on Ar percentage. The dashed

and solid curves are theoretical calculations with and without charge exchange
processesArt + N, « Ar + NF ) taken into account, respectively.
channels to the total N production depends on the pressure
and mixture composition (see Fig. 12). At lower pressure tlfgolid line in the Fig. 13) results in a different behavior of the
contribution of the charge transfer A+ N, — Nj + Ar  NJ density when the mixture composition is changed. The
is dominant while at higher pressures associative ionizatipredicted behavior of the Nrelative number density follows
prevails. Collisional quenching of NB*II,,d'X;,alll,) the experimental one only when the above charge transfer
states with Ar atoms enhances the relative population in theocesses are taken into consideration (dashed line on the
N2(A3%}) state. The radiative and collisional coupling befigure). These results are indicative of a significant contribution
tween N(A*SF), No(B?I1,) and Ny (C311,) states is strongly of charge exchange between Bind Ar' to the creation of I
influenced by the presence of Ar atoms in the-)r discharge at higher Ar percentages for the present conditions [11].
due to the following chain of reactions [10], [11]: The variation of the relative density of ground state atoms
versus the Ar percentage when the electron density and the pres-
No(a'Tl,) + Ar — Na(d'S,) + Ar — No(B°II,) + Ar sure are kept constant is shown in Fig. 14. As seen, the change
— No(ASH) + Ar in Ar percentage in the mixture results in a peculiar behavior
of the N, dissociation degree. The experimental (i.e., from rela-
Quenching of N(&'X;) and Ny(a'Il,) in collisions with Ar  tion 8) and the theoretical dependences (solid curves) of the N
atoms populates NB®II,) and the subsequent quenching oflissociation on the Ar percentage show a good agreement as-
this state in collisions with molecules {Nand atoms (Ar) suming that 90%-95% of atoms in metastable states give back
along with radiative decay effectively populate;(®3%}). ground state N{S) atoms (due to the bulk and wall quenching).
As a result, the contribution of associative ionization throught low pressureg = 0.5 torr, Fig. 14(a)) the N{S) relative den-
N2(A3%F) also increases. sity first drops but then increases as the Ar percentage grows. At
The emission of the N(B*X,,v = 0 — X?¥,,v = 0) higher pressurep(= 2 torr, Fig. 14) it remains approximately
391.4 nm band is indicative of thejNoresence in the dischargeconstant for Ar fractional percentages between 20% and 80%.
[8]. The Nf(B®Y,,v) state is excited from N(X2%,,v) The relative number density of the ground state atoms varies be-
both by direct electron impact and by energy exchange igrveen 5 and 10% for the conditions considered. The competition
actions in collisions of I(X?3,,v) ions with vibrationally between source channels, presented in Fig. 15, determines the
excited Ng(XlE;‘,v > 12) molecules. When the conditiondissociation degree dependence on the Ar percentage. At lower
ZDULNZ(Xlzj,fu)J ~ counst is nearly fulfilled, one can Ar percentage, electron impact dissociation has a dominant con-
assume thatN3 | o< (N (B?%,,v" = 0 — X?¥,,v” = 0)). tribution to the production of ground state atoms, while for Ar
The variation of the 391.4-nm line intensity 1(391) versus thieactional percentages higher than 50% dissociative recombi-
Ar percentage in the mixture is shown in Fig. 13. The measuneation starts to dominate. For the higher pressure considered
ments are performed close to the launch&e/L; =~ 1) in a here (4 torr) this channel dominates for Ar percentages between
microwave surface wave sustained discharge operating at # and 95%. The observed increase in the relative number of
frequencyw/27 = 2.45 GHz in an N—Ar mixture (R = 0.75 ground state N{S) atoms at high Ar percentage 50%), for
cm) at constant pressure and nearly constant electron densitithe pressures considered, can be attributed to the increasing
For the purposes of comparison, the predicted variation of thentribution of recombination as shown in the figure. At lower
N3 density as the Ar percentage changes (two different cagesfractional percentages, the dissociation degree variation fol-
are considered) is also shown. As seen, discarding the contrilmws the changes in the high energy part of the electron energy
tion of the fast charge transfer processe$ ArN, «— N3 +Ar  distribution function [10]. In conclusion, these results clearly
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IV. CONCLUSION

We have presented an investigation of the dissociation
processes in low pressuresHNo, and N—Ar microwave
discharges sustained by traveling surface waves in which
the coupling between electron, vibrational and chemical
kinetics, wave electrodynamics and plasma—wall interactions
is consistently taken into consideration. By applying emission
spectroscopy, experimental validations of the model predictions
have been performed. From the comparison between theoretical
and experimental results, the following main conclusions about
H, and N, molecular dissociation in surface wave sustained
microwave discharges can be drawn:

1) The dissociation kinetics in a pure ldischarge is mainly
determined by electron impact dissociation and wall re-
association of H(1s) atoms intoHinolecules for the low
pressure conditions considered. Molecular dissociation of
H> molecules is strongly influenced by the value of the
wall loss probability, which depends heavily on the wall
conditions, in particular on the wall temperature. This de-
pendence can be used to achieve an external dynamic con-
trol of hydrogen dissociation.

2) The results for pure Ndischarges demonstrate the exis-
tence of strong correlation between the kinetics of$)(
N(®D), and NgP) atoms and NA3XL}) metastables
through the reactions:

e+ N(*S) « e + N(’D)

e+ N(*S) < e+ N(*P)

N(*S) + No(A’ST) — No(X'SF,6 < v < 9) + N(*P)
No (XS5, 0 > 10) + N(*P) — N(*S) + No(A*T})

3) Ar atoms strongly influence the dissociation processes
of Ny in No—Ar discharges at the high degrees of ion-
ization achieved in microwave discharges. Positive N
ions are the dominant positive charged particles over a
wide range of Ar percentages. This is a consequence of
the contribution of the charge transfer processes between
ArT and N, and of the effective associative ionization in-
volving Ny (A3%:}) metastables. The increase in the rela-
tive number of ground state K§) atoms at high Ar frac-
tional percentages can be attributed to dissociative recom-
bination of Nj with electrons.

In conclusion, surface wave sustained discharges operating

at microwave frequencies are promising sources of ground state

atoms [N¢S), H(1s)] as the results demonstrate. However, the
kinetics of gas discharges in molecular gases is a complex sub-
ject due to the highly nonlinear reaction processes occurring si-
multaneously that strongly affect the nonequilibrium discharge
kinetics. For this reason, it is essential to combine theoretical
and experimental investigations in order to reveal the main ki-
netics mechanisms, in particular those of the dissociation ki-
netics. Unfortunately, the predictions of the models rely heavily
on the data used for different processes and in many cases data is
still not known with sufficient accuracy. This lack of knowledge

is particularly crucial for plasma-wall interactions, a major dif-

show that changes in the Ar percentage can be used to confi@llty being that such interactions depend heavily on the wall

and enhance the degree of Molecular dissociation.

conditions. For this reason, much theoretical and experimental
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work still needs to be done in order to improve knowledge or25]
atom — wall interactions.

(26]
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