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Abstract:  The plasma reactor with radial line 
slot antenna (RLSATM), a planar microwave 
(2.45 GHz) plasma source, is used in etch and 
deposition technology, typically in reactive rich 
gaseous environment, and for processes that are 
sensitive to plasma damage.  Besides a strict 
uniformity control, the plasma chemistry is 
becoming one of the key challenges in current 
technology.  These two aspects are spatially 
related due to microwave interaction with 
electrons in plasma.  In this paper, we present a 
two-dimensional axisymmetric model of 
microwave plasma produced by RLSATM source 
and its numerical implementation under 
COMSOL Multiphysics software.  Mixtures of 
Ar with H2, SiH4 are used for deposition of 
amorphous or polycrystalline silicone.  Content 
of carbon in film is driven by choice and ratio of 
hydrocarbons in mixture (adding C2H6 into 
model).  Current model considers 28 species (61 
reactions) in plasma and 3 species (17 reactions) 
on surface of the silicon wafer.  The motivation 
in this work is to explore capabilities of software 
application and add value to the understanding of 
physics and chemistry of deposition processes. 
 
Keywords:  microwave plasma, CVD, reactor 
model, silane, multiphysics. 
 
1. Introduction 
 

Typically, microwave plasma conditions are 
very well suitable for precursor decomposition 
and generation of radicals and enable low 
damage processing of the fine features on the 
silicon wafer.  Commercial reactor with radial 
line slot antenna (RLSATM), a planar microwave 
(2.45 GHz) plasma source is widely used in etch 
and deposition1 (Fig. 1) technology for semi-
conductor device fabrication. The microwave 
power is coupled through RLSATM and dielectric 
window to plasma.  The RLSATM belongs to a 
class of surface wave (SW) sustained plasma 
sources.  In semiconductor fabrication the silicon 
wafers are exposed to a reactive rich plasma 

environment.  Plasma chemistry is one of the key 
challenges.  Besides the source and reactor 
geometry, the pressure range accessible for SW-
excited plasmas will depend also on the process 
gas composition.  Scaled up chamber diameters 
allow operating pressure range to be reduced in 
case of SW mode.   

 

 
 

Figure 1:  A cross-sectional view of RLSATM PECVD 
reactor. 

 
In dependence on governing mode, e.g. an 

interaction between electromagnetic (EM) wave 
and plasma, the SW plasma may exhibit some 
degree of spatial localization and allows sepa-
ration of the location of plasma generation from 
the location of surface processing.  Such be-
havior of SW plasma may have impact on the 
plasma chemistry either in the gas phase or on 
the surface.  To explore and understand transient 
chemical vapor deposition (CVD) processes, 
such as atomic layer deposition (ALD), more 
knowledge is still required.  Prediction of pro-
cess results is not always straightforward, 
especially when new processes and films 
preparation involves much complex gas mixtures 
and specific process conditions.   

Numerous studies were published on 
numerical modeling silane and hydrocarbons 
chemistry2-21 in PECVD.  Limited space of this 
paper does not allow list them all.  Various 
dopant gas, hydrocarbons or other halocarbons 



 

may be used as precursors to incorporate atoms 
into deposited film.   

 
2. Model Description 

 
In this paper, we present a two-dimensional 

axisymmetric model of microwave plasma pro-
duced by RLSATM source and its numerical 
implementation under COMSOL Multiphysics.  
Plasma is sustained by 2.45 GHz EM wave 
distributed by antenna and propagating trough 
processing gas.  The SW mode allows generation 
of uniform plasmas over several wavelengths of 
the EM wave (in vacuum  ~ 12.2 cm).  The EM 
waves cannot propagate in over-dense plasmas.  
The wave is reflected at the plasma surface due 
to the skin effect and becomes an evanescent 
wave. Its penetration depth into plasma cor-
responds to the skin depth.  The non-vanishing 
penetration depth of an evanescent wave opens 
an alternative way of heating plasma.  Instead of 
traversing the plasma (that is possible only 
below cutoff density ~ 7.5x1016 m-3), the con-
ductivity of the plasma enables the wave to 
propagate along the plasma surface.  The wave 
energy is then transferred to the plasma by an 
evanescent wave which enters the plasma per-
pendicular to its surface and decays expo-
nentially with the skin depth.  Transfer mecha-
nism allows generation of over-dense plasmas 
with electron densities beyond the critical 
density (above ~3x1017 m-3).  Under certain 
conditions that are given by reactor size and 
geometry it can operate also in resonant mode or 
transitional mode.  In the resonator mode, the 
plasma density does not exceed the critical 
density.  A standing EM wave is confined by a 
reactor (resonator cavity) and penetrates the 
plasma which is sustained by wave in the regions 
of highest field intensity.  The geometry of this 
region will determine the spatial distribution of 
the plasma. 

SW-sustained discharges are structures which 
unify wave-fields and gas-discharge plasmas. 
The creation of these discharges is clear example 
of a self-consistent nonlinear problem: the wave 
produces the plasma and the plasma maintains 
the wave propagation.  The discharge behavior is 
simultaneously governed by electrodynamics and 
gas discharge physics.22  Solving large number of 
equations with complex chemistry and coupled 
wave-plasma physics at the scale of real reactor 
represents challenge. 

2.1 Model geometry 
 
The chamber geometry used for this model is 

shown in Fig. 2.  We considered 2D model in 
axial symmetry.  Plasma zone is represented by 
union of several domains with simple geometry 
and contains several probe domains to track 
plasma parameters.  Typically, we were tracking 
local plasma density within probe domains and 
adjusted their position during solving different 
cases. 

Diameter of modeled reactor is about 470 
mm.  The distance from window with RLSA 
antenna to wafer is approximately 130 mm.  The 
RLSATM source details on slot arrangements and 
their structure are not discussed in this work.  
We considered 2D interpretation of the antenna 
slot structure is good enough and adequate to 
approximate the azimuthal distribution of the 
microwave power into plasma.23  In this paper 
we kept geometry fixed over the course of 
simulation work except minor refinements of 
specific geometrical features to sustain con-
vergence of solution.  Mostly, we have focused 
on plasma chemistry and its correlation to 
plasma parameters. 

 

 
 

Figure 2:  Domains in computational model (dashed 
lines represent interior boundaries in plasma). 

 
2.2 Collisions and Volumetric Reactions 

 
Gas mixture composition is important in film 

processing preparation.  In such systems both 
primary (i.e., electron-impact) and secondary 
(i.e., homogeneous) reactions in the plasma play 
an important role.  In particular, argon or hydro-



 

gen dilution of the source gas (typically, silane) 
influences the deposited film properties in 
significant way.  Bombardment of the growing 
film by Ar ions and reactions of excited Ar with 
silane are responsible for the structural changes 
in film.24  Precursors like SiH2 or SiH3 are 
directly or indirectly related to production and 
control film properties.  Our motivation was to 

have insight and better understanding of the 
composition, spatial distributions and plasma 
parameters in presented reactor under various 
conditions and in variety of gas mixtures.  Also 
complexity of chemical reactions at the surface is 
requiring further insight to understand mecha-
nism.   

 
Table 1:  Collisions and reactions used in model:  Argon. 
 

Collision / Reaction Type Formula   Refs. 

Ionization (15.8 eV)   AreAre 2  R1-1 

Ref.28 
Elastic AreAre    R1-2 

Excitation (11.5 eV, metastable substracted from total) 
*AreAre    R1-3 

Excitation metastable only (11.5 eV) 
mAreAre *   R1-4 

Quenching to resonant states  
rate constant ~2x10-7 cm3s-1 for electron quenching to the 
“nearby” resonant states, average loss assumed ~ 3 eV 

** AreAre m    R1-5 Ref.34 

Quenching to base state (-11.5 eV) AreAre m   *  R1-6 Ref.28 

Radiative recombination (10-11 cm3s-1, -4.3 eV) hAreAre m   *  R1-7 Ref.35 

Penning ionization (3.734x108 m3s-1mol-1) 
  ArAreArAr mm ***  R1-8  

Metastable quenching (1807 m3s-1mol-1) ArArAr m 2*   R1-9  

Radiative decay (Estimate ~ 109 s-1) hArAr *  R1-10 (a) 

Stepwise ionization (Eion2~4.427 eV) 
  AreAre m 2*  R1-11  

NOTE:  (a) estimate 
 
Table 2:  Collisions and reactions used in model:  Hydrogen. 
 

Collision / Reaction Type Formula   Refs. 

Elastic  22 HeHe    R2-1  

Molecular ionization (Considered branching between 
H+ and H2

+ production) 







2

2

93.007.0

07.02

HH

HeHe  R2-2  

Dissociative double ionization   HeHeHe 233 2
22

 R2-3  

Atomic ionization    HeHe 2  R2-4  

Molecular excitation ),*(
22

elvibHeHe    R2-5 
Total 

Dissociative excitation *),*(
22 2HeHeHe elvib    R2-6 

Dissociative ionization (rate constant ~2.1x10-9 cm3s-1)   322 HHHH  R2-7 Ref.39 

 
As for initial development the mixture of Ar, 

H2, SiH4, C2H6, and PH3 dopant were selected.  
Other Si-based precursors might be under 
consideration, and in future work the Si-
precursors with more complex structure will 
replace silane, e.g. either tetramethylsilane 

(TMS), e.g. Si(CH3)4 , or trisilylamine (TSA) - 
(SiH3)3N.  Reactions listed in Tables 1 to 5 
represent baseline chemistry framework consi-
dered in model.  They are sorted chronologically, 
in order as we build our model, overlooking for a 
moment an importance of individual reactions 



 

and their role in process chemistry.  We explore 
this approach as step towards testing capabilities 
of modeling approach by Comsol Multiphysics 
and extending our comprehension of chemical 
reactions in silane-containing systems.  

In inert gas (argon) the formation of ions Ar+ 
and excited atoms Ar* due to collision with 
electrons depends upon applied microwave 
power density, and obviously, its spatial distri-
bution is related to reactor size and geometry.  
Argon plasma was investigated in number of 
publications.25-27  We used cross sections of 
electron-argon collisions (R1-1 to R1-11) that 
were obtained from MORGAN data at LXCat 

open-access database.28 As we recognized later, 
more detailed Ar data set on excited argon is 
rather under HAYASHI29 edition.  Also we 
recommend recent publiccations30-32 on proper 
interpretation and references to downloaded 
cross sections.   

Values for many cross-sections are difficult 
to find.  As an extension of model in this work, 
several reactions from metastable argon model33 
- electron quenching34 to the “nearby” resonant 
states (R1-5) were considered.  Rate constant for 
electron-ion radiative recombination (R1-7) was 
adopted from Ref.35  Radiative decay of excited 
argon (R1-10) was estimated by rate 109 s-1. 

 
Table 3:  Collisions and reactions used in model:  Silane. 
 

Collision / Reaction Type Formula   Refs. 

Attachment   44 SiHSiHe  R3-1 

Ref.29 

Elastic 
44 SiHeSiHe    R3-2 

Excitation            Eexc ~ 0.115 eV, cross section 
              Eexc ~ 0.27 eV, cross section 
              Eexc ~ 8.01 eV, cross section 
              Eexc ~ 8.92 eV, cross section 

*
44 SiHeSiHe    

R3-3 
R3-4 
R3-5 
R3-6 

Ionization Eion ~ 12.9 eV, cross section   44 2 SiHeSiHe  R3-7 

Dissociative ionization   

 
Ref.40 

(a) 

   Eion ~ 11.6 eV, k ~ 9.2x10-11 cm3s-1 224 2 HSiHeSiHe    R3-8 

   Eion ~ 12.2 eV, k ~ 5.9x10-11 cm3s-1 HSiHeSiHe  
34 2  R3-9 

   Eion ~ 13.6 eV, k ~ 3.9x10-11 cm3s-1 24 22 HSieSiHe    R3-10 

   Eion ~ 15.1 eV, k ~ 3.4x10-12 cm3s-1 HHSiHeSiHe  
24 2  R3-11 

   Eion ~ 24.3 eV, k ~ 2.1x10-15 cm3s-1   224 2 HSiHeSiHe  R3-12 

Eion ~ 24 eV, k ~ 1.9x10-14 cm3s-1   HSiHeSiHe 34 2  R3-13 

Dissociation, Ediss~4.0 eV, k ~ 1.59x10-10 cm3s-1  HSiHeSiHe  
34

 R3-14 

Ref.41 

Dissociation, Ediss=2.2 eV, k ~ 1.87x10-11 cm3s-1   eHSiHSiHe 224
 R3-15 

Dissociation, Ediss=8.4 eV, k ~ 8.34x10-9 cm3s-1, (not 
included) 

  eSiHSiHe *
44

 R3-16 

Dissociation, k ~ 1.4x10-10 cm3s-1 ArHSiHSiHAr m  34
*  R3-17 

Dissociation, k~ 2.6x10-10 cm3s-1 ArHSiHSiHAr m  224
*  R3-18 

Ea ~ 2.2 eV, k ~ 4x10-9 cm3s-1 224 HSiHeSiHe    R3-19 

Refs.42

,43,44 

(b) 

Ea ~ 4.0 eV, k ~ 1.5x10-9 cm3s-1 (not included) HSiHeSiHe  
34

 R3-20 

Ea ~ 4.2 eV, k ~ 6.6x10-11 cm3s-1 24 2HSieSiHe    R3-21 

Ea ~ 5.7 eV, k ~ 4.3x10-11 cm3s-1 HHSiHeSiHe  
24

 R3-22 

Ea ~ 9.5 eV, k ~ 7.1x10-12 cm3s-1 2
*

4 2HSieSiHe    R3-24 

Ea ~ 8.9 eV, k ~ 1.0x10-11 cm3s-1 HHSiHeSiHe  
2

*
4

 R3-25 

NOTE:  (a) measured in Ar at room T,1 Pa 500 sccm, 300 W;  (b) Dissociation (room temperature, Te~1.8 eV) 
 



 

Table 4:  Collisions and reactions used in model:  Ethane. 
 
Collision / Reaction Type Formula   Comment 

Elastic,  6262 HCeHCe    R4-1 
0.03065 kg/mol; 1.823x10-5; Kihara51 
potential characteristic length 3.1A; 

potential energy minimum ɛ/kB ~ 420 K 

Excitation 6262 HCeHCe    

R4-2 
R4-3 
R4-4 
R4-5 

Eexc (vib 24) ~ 0.16 eV 
Eexc (vib 13) ~ 0.371 eV 

Eexc ~ 7.53 eV 
Eexc ~ 10.12 eV 

Ionization   6262 2 HCeHCe  R4-6 12.7 eV 

Attachment   6262 HCHCe  R4-7 Ref. 29 

 
Table 5:  Collisions and reactions used in model:  Phosphine. 
 

Collision / reaction type Formula   Comment 

Elastic  33 PHePHe    R5-1 (a) 

Ionization    33 2 PHePHe  R5-2  

Excitation  *
33 PHePHe    R5-3  

dissociation HPHePHe  
23

 R5-4  

attachment   33 PHPHe  R5-5  
(a)NOTE:  0.03399758 kg/mol; Dipole moment 0.58 D  
 

Adding hydrogen generates a number of 
molecules in various excitation states. We 
implemented complete reaction set for electron-
neutrals collisions from IST-LISBON database 
on the LXCat open-access website.36 Measu-
rements of very-high-frequency hydrogen plas-
mas37 determined that ion species are dominated 
by H2

+ at low pressure (<20 mTorr), whereas at 
high pressure by H3

+ due to reaction (R2-7).  
Rest of homogeneous reactions were taken from 
model38 reported earlier.  In attempt to reduce 
stiffness of numerical system and still account 
correctly for electron energy balance, we con-
sider multiple reactions producing excited atoms 
or molecules in various stage, however, assigned 
them formally to singular “effective” atom or 
molecule, e.g. Hexc

 or H2
exc within a model. 

In plasma, excited molecules SiH4
* (R3-3 to 

R3-6), positive SiH4
+ (R3-7) and negative SiH4

- 
(R3-1) ions are produced by primary collisions 
of electrons with silane molecules.  We used 
cross sections for collisions of electron with 
silane from LXCat open-access database29, reac-
tions (R3-1 to R3-16).  Electron-impact disso-
ciation rates at room temperature were taken 
from Refs.41,45  Principle reactions related to 
forming radicals from silane41 are due to electron 

collisions as well (R3-14 to R3-16).  Radical 
SiH* is mainly due to dissociative de-excitation 
(R3-29 and R3-31).  However, in mixture with 
argon, the loss mechanism of Ar* is representing 
an opportunity for production of radicals (at high 
dilution by argon) from silane by reactions (R3-
17) or (R3-18).  Within a scope of this paper we 
focused only on implementation of reactions in a 
numerical model, without judgment on their 
proper use. In this manner we included relevant 
homogeneous gas-phase reactions from Table 2. 
in Ref.45 (values at room temperature), in this 
paper labeled as Table. 3.  In further work rate 
constants were implemented in terms of Refs.15,46 

The electron-neutral cross sections for next 
component in the mixture – ethane (C2H6) - were 
gained from HAYASHI29 on-line edition at 
LXCat, these are listed briefly above in Table 4.  
Gas phase reactions were taken from Refs.47-49  
phosphine (PH3) related reactions50 are listed in 
Table 5.  

In present model only several surface reac-
tions were considered to explore model into pre-
diction of deposited film composition.  Initially, 
a sticking coefficient was considered it has value 
1. Demand for computational resources increa-
sed tremendously with increase of number of 



 

species in model.  Number of reactions had less 
significant impact.  That was one of the reason 
that we decided not to increase complexity 
further with surface species until routine 
convergence of current reaction scheme will be 
achieved in reasonable range of the process 
conditions.  Most of simulation was done in 
simple chemistry (Ar + H2) and more complex 
chemistry is ongoing. 
 
3 Use of COMSOL Multiphysics 

 
In this work we explored capabilities and 

easy to use GUI of Plasma Module in COMSOL 
Multiphysics suite ver.4.3.b.  The numerical mo-
deling of reactive CVD process commonly 
involves the solution of multiple convection-
diffusion reaction equations for a large number 
of reactants and intermediate species.  These 
equations are firmly coupled through the reaction 
terms with tens of finite rate elementary reaction 
steps and largely varying rate constants.  The 
solution of such rigid sets of equations is 
difficult, especially when time-accurate transient 
solutions are required.  Moreover, the plasma is 
created by the EM wave but it also reflects and 
guides this same wave. Therefore, a truly self-
consistent description is necessary and numerical 
modeling is quite involved in design.  Since 
electron energy distribution function (EEDF) has 
impact on plasma chemistry by using easy 
formulation in COMSOL Multiphysics we did 
attempt to look briefly into difference in results 
when replacing Maxwell-Boltzman (MB) by 
Druyvesteyn distributions.  This assumption 
might cause disagreement between model and 
experiment.  Inherently, the RF and AC/DC 
modules are included into numerical formulation 
of plasma.  Further, compressible flow (M<3) 
module was coupled with plasma module and 
solved in self-consistent manner. We considered 
reactor at constant temperature, e.g. the rate 
constants in presented model are not function of 
temperature.  Thermal module will be coupled to 
system of convection-diffusion reaction equa-
tions at later phase.   

 
4. Results and Discussion 

 
In this section we are presenting initial results 

computed by model.  Dell Precision WorkStation 
T7500 (64bit Windows 7 Enterprise OS, two 
processors X5690 – 24 cores, RAM 96 GB) was 

used for computation.  Demand for RAM when 
computing individual cases was in range from 10 
to 50 GB, computational time from 4 hours to 
over 100 hours per case, in dependence on 
conditions for plasma in model and components 
in gas mixture.  Individual cases converged 
typically very well at times in range from 1 to 10 
ms.  Computation of some cases did not progress 
well around interval between 1-5 µs and 
transient solution was computed very slowly 
(>100 hours) with time steps t ~ 10-19 – 10-15 s.  
We did not investigate reason why, though we 
believe, this might be related to ion transport.  
We were not always successful with mesh re-
finement or smoothing geometry to gain on 
convergence.  Initial conditions were the most 
sensitive factor that have impact on convergence 
of stiff equation system and achieve solution, 
especially in cases with more than two-com-
ponent mixtures.  Initial cases contained argon 
collisions only.  Adding hydrogen increased sub-
stantially number of reactions. 

 
 

a)  

b)  



 

c)  

d)  
 

 
 
Figure 3:  Surface plots of log values for resistive loss 
in plasma in Wm-3: (a) 100 % Ar; (b) 5 % H2 in Ar; (c) 
20 % H2 in Ar and (d) above 40 % H2 in Ar.  Color 
scale is same for all plots in range from 0 to 4 Wm-3.  
Unit of resistive loss (Qrh) is Wm-3: Individual cases 
converged typically in range 1 - 10 ms. 

 

a)   

b)   

c)  

d)  
 
Figure 4:  Surface plots of log values for resistive loss 
in 5 % H2 in Ar plasma: (a) 500 mTorr; (b) 200 
mTorr; and (c) 100 mTorr  Color scale is same for all 
plots in range from 0 to 4 Wm-3.  Unit of resistive loss 
(Qrh) is Wm-3.  (d) Iso-surface plots of electron density 
(ne, m-3 ) in Ar+H2+SiH4 plasma at 100 mTorr.  
Hydrogen and silane flows were sustained at low level 
to enable convergence.  NOTE: Case was interrupted 
due to computation time over 100 hours. 
 

To investigate an impact of Ar + H2 mixture 
composition on resistive heating we computed 
various ratio of Ar+H2 plasma at 50 mTorr. 
Microwave power was 3500 W and total flow 
400 sccm.  Surface plots in Fig. 3 illustrate 
resistive heating on log10(Qrh) scale, where Qrh is 
in Wm-3.  At initial low ratios of hydrogen in 



 

argon, the resistive losses were increasing with 
H2 flow, however at 40 % H2 in Ar and above 
the Qrh dropped to very low values ~10-3 Wm-3 
and in fact plasma was diminished according 
model.  At value 60 % reached a minimum value 
in this sequence Qrh ~10-7 Wm-3, and at 80 % H2 
again Qrh ~ 10-3 Wm-3.   

There was an assumption that plasma will 
reignite in pure H2.  We did complete this series 
with pure H2 only case, however, our assumption 
was not confirmed. Either increase in microwave 
power to 7 kW or setting sticking coefficients for 
recombination of excited and ionized hydrogen 
on reactor surface did not have an impact, and 
resistive losses remained low at ~ 10-3 Wm-3.  
Reduction of flow rate to 1sccm did not have 
impact as well on Qrh.  From model it follows 
that at these conditions wave propagates through 
plasma in transitional regime.  The wave 
structure in reactor was almost stable, and only 
weakly coupled to plasma.  

Investigating plasma profile vs. pressure is 
illustrated in Fig. 4.  Again, we assumed 5 % H2 
in Ar mixture.  At high pressure, 500 mTorr, 
resistive losses occur closely to dielectric win-
dow, peaking up to 8.9 Wm-3.  Electron density 
and temperature under these conditions are 
presented Fig. 5-a, where Te at window location 
is about 5-times higher than Te at the wafer.  Due 
to this over-dense plasma is produced reaching 
up to 6x1013 cm-3.   

In Fig. 4-b, the resistive losses at 200 mTorr 
do not occur on whole window, rather, they are 
closing boundary around over-dense plasma 
(Fig. 5-b).  This effect is well demonstrated 100 
mTorr (Fig. 4-c).  The 50 mTorr case we 
presented in Fig. 3-b, and plasma at 20 mTorr 
case was coupled very weakly to wave.   

Described model is not completed in sense of 
detailed surface chemistry and anticipated full 
chemistry scale.  This is currently undergoing 
work.  Also certain assumptions were made to 
overcome the absence of rate constants or cross 
sections data.  Mixed data sets were used and do 
not include dependence on temperature.  Below 
are more critical limitations or assumptions made 
in described model: 
a) Fast atoms produced in charge exchange 
collisions present in plasma were not considered 
(for instance, fast hydrogen atoms or molecules) 
b) The importance45 of fast electron tail in 
EEDF (20 – 40 eV) – a result of production of 
fast electrons in collision with heavy species is 

responsible for recovering part of electron 
energy. 
c) Below 10 mTorr pressure – a gas flow is in 
viscous-molecular regime. 
d) High pressures reactions are neglected, they 
cause formation of polysilanes and are usually 
not suitable for high-quality films, though they 
have presence in processing zone. 
 

 

a)  
b)

 
 

Figure 5:  Surface plots of electron density, ne, and 
electron temperature, Te, in 5 % H2 +Ar mixture (total 
flow was 400 sccm, microwave power 3500 W): (a) 
500 mTorr converged case; (b) 200 mTorr (not fully 
converged, interrupted at 1.9 µs). 

 
Computed results might underestimate the 

real plasma properties due to absence of fast 
species, energy transfer back to electrons in 
collisions with atoms, transport behavior of fast 
species.  On another side model is very useful in 
enabling better understanding of chemistry.  For 
instance, in Fig. 6, several parameters in plasma 



 

at low pressure (<50 mTorr) operation in Ar +H2 
mixture are illustrated.  Microwave power is 
propagating from coaxial inlet into “slow wave 
structure” above the actual plasma inside reactor.  
It cannot propagate deeper into dense plasma and 
actually travels as surface wave around plasma 
core defined by critical plasma density.  Surface 
plot inside reactor illustrate resistive heating in 
plasma.  Streamlines show flux of charged par-
ticles out of the plasma towards the surrounding 
walls. 
 

 
 
Figure 6:  Principal domains assumed in film stack 
model.  
 
5. Conclusions 

 
In summary, the comprehensive assessment 

of particular cases with an immediate access to 
detailed information are attractive to research 
and engineering environment.  In the course of 
simulation we were evaluating computational 
resources and capabilities of such approach 
within industrial environment.  Computational 
times are sensitive to process conditions, pro-
viding fast turnover at reduced pressures and 
reasonable reaction sets.  More robust reaction 
schemes and pressures above 100 mTorr are 
demanding much larger computing resources.  
On process side this model successfully predicts 
the spatial distributions of multiple components 
in complex molecular plasma.  On hardware side 
(semiconductor tool configuration) it gives 
substantial flexibility to additional modifications 
of reactor configuration without time-consuming 
reworks.  
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