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Abstract:

Fluid models of C;Hs-N, mixture play vital role in various industrial applications. The plasma
properties, which include energy mobility, energy diffusion coefficient and rate coefficients in various
concentrations of C,H, in C,H4-N, mixture, were calculated using Bolsig+ freeware based on reliable
electron collision cross section sets for C,H, and N, molecules. The electron energy distribution
function in case of no electron-electron collision and case of electron-electron collision with different
ionization degrees were also discussed.
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Toém tat:

Cac mb hinh chét 1ong ctia hdn hop khi C;H4-N, déng vai trd quan trong trong cac (ing dung cdng
nghiép khac nhau. Cac tinh chat plasma bao goém tinh bi€én dong ndng lugng, hé s6 khuéch tan nang
lugng va hé sb ty Ié theo cdc mat do khac nhau cla khi CH,4 trong hdn hap khi C,H4-N, dudc tinh
todn bang phan mém Bolsig+ dua trén cac b tiét dién va cham electron tin cdy cla cac phan tlr
C,H4 va N,. Ham phan b6 nang lugng cla electron trong trudng hgp khéng cd va cham electron-
electron va truGng hgp cd va cham electron-electron véi cac mirc do ion hoa khac nhau ciling dugc
thao luan.

Tu khoa:

Bolsig, cac bo tiét dién va cham electron, phuong trinh Boltzmann, mé hinh chat Iéng, tinh chat
plasma.

1. INTRODUCTION coefficients and rate coefficient mainly
Fluid models of gas discharge describe  depend on the electron energy distribution
the transport of electron, ions and other  function (EEDF). Therefore, these
reactive particle species in gaseous coefficients are important data for fluid
molecules.  The electron transport models of gas discharges. The electron
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transport coefficients and EEDF can be
obtained by solving Boltzmann equation.
G.J.M. Hagelaar and L.C. Pitchford [1]
have analysed the relationship between
the electron transport coefficient which
calculated by solving Boltzmann equation
(BE) with common fluid equations. They
have also developed Bolsig+ freeware to
calculate  the electron  transport
coefficients and rate coefficients that are
input data for fluid models.

The use of CyH4-N, mixtures has been
significant in the process of laboratory
dielectric barrier discharge and plasma-
enhanced chemical vapor deposition
[2-5]. Well-organized simulation methods
are necessary to provide plasma
properties that often difficult to obtain
from experiments. However, there is no
report of plasma properties for C,H4-N,
mixtures. Therefore, in this study, the
coefficients for fluid model, which
includes  energy  mobility, energy
diffusion coefficient and ionization rate
coefficient in CyH4-N, mixtures, were
calculated using Bolsig+ freeware. These
coefficients are important input data for
numerical simulation of gas discharge
[1,6,7].

In this study, the EEDF of this mixture
were also disccused in both case of no
electron-electron collisions and case of
electron-electron collisions with different
ionization degrees

2. ANALYSIS
Bolsig+ freeware, which developed by G.
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modeling. These results include mobility,
mean energy, rate coefficients, energy
loss coefficients [1]. This software based
on solving the Boltzmann equation [1]. In
ionized gases, the Boltzmann equation for
an ensemble of electrons is given as:

%+V.Af—%E-va:C[f] (1)

Where fis the electron distribution in

six-dimensional phase space, v are the
velocity coordinates, e is the elementary
charge, mis the electron mass, Eis the
electric field, V,is the velocity-gradient
operator and C represents the rate of
change in f due to collisions. After
solving  this  equation,  transport
coefficients of electrons are calculated as
following:

Mean energy:

&= _[33’2 Fde (2)
0
Energy mobility:
£ 8F
= 3
ja 83 ®)

Energy diffusion coefficient:
_rje
DN _3j6|=0de 4)
Rate coefficient:
k, = 7I go Fde (for each collision
0

process) (5)

Here, Fo is isotropic part of the EEDF and
normalized by:

J. M. Hagelaar and L. C. Pitchford [1] to ]ngzF de=1 (6)
generate data for fluid discharge °
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N is the concentration of atoms, o is the
effective momentum transfer cross section

of electrons, »=(2e/m)"?is a constant

and ¢ is the electron energy in
electronvolts,  o,is the effective
momentum  transfer  cross  section

accounting for pobssible anisotropy of the
elastic scattering.

The Bolsig+ freeware [1] is a good
simulation tool for understanding of gas
discharge. It is sucessfully used for many
gases and their mixtures such as Ar and
N> [1], Xe and Ne [8], SiH4 and H;[9].

As shown in above equations, the electron
collision cross section sets for C,H, and
N, molecules are required as input data.
The validity of output results depend on
accuracy of electron collision cross
section set of using gases. Therefore, the
electron collision cross section sets were
therefore chosen from [10] for C,H,4 and
from [11] for N,. The reliability of these
sets have been proven in [10] for C,H,4
and in [11] for N, molecules.

3. RESULTS AND DISCUSSION

The electron collision cross section sets
for C,H, and N, molecules were shown in
Figs. 1 and 2. Information of electron
collision cross sections for these
molecules were also listed in Table 1 for
Co,Hs molecule and Table 2 for N;
molecule. The coefficients for fluid
model, which include energy mobility,
energy  diffusion  coefficient  and
ionization rate coefficient in CyH4-N»
mixtures with several concentrations,
were calculated using Bolsig+ freeware

and shown in Figs. 3-6. The mobility and
diffusion coefficient of electrons, related
to the concentration of C,H4-N, mixtures,
are given in Figs. 3 and 4 as functions of
E/N. The mobility decreases with
increasing E/N while the diffusion
coefficient increases with increasing E/N.
The mobility and diffusion coefficient in
C,Hs-N2 mixtures are suggested to be
between with those in pure C,H4 and N
molecules. The mobility and diffusion
coefficient in C,H4-N, mixtures decreases
with increasing percentage of C,Hj in
mixture.

Fig. 5 gives the ionization rate coefficient
of C,H4 molecule by the concentration of
C,H; molecule in C,H4-N, mixture as
functions of E/N. The rate of ionization
coefficient of C,H; molecule increases
with increasing E/N and decreases with
increasing percentage of C,H, molecule
in the mixture.

In this study, the influence of electron-
electron collisions in C,H;-N, mixture
was analyzed. For example, the EEDF in
50%C,H4-50%N, mixtures at 1, 10 and
100 Td, were calculated and shown in
Fig.6. The EEDF for 10 Td in 50%C,H,-
50%N, mixture, taking into account
electron-electron collisions, were
calculated for different ionization degrees
and shown in Fig. 7. It is clearly to see
that the electron-electron collisions in
fluid model for C,H4-N, mixture affect to
ionization rate coefficients. It is clearly to
see that the ionization rate coefficient
depends not only on E/N or the mean
energy, but also on the ionization degree.
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lisi Table 1. '”for.ma“]?” %f ‘;'ec”cl’” | Denoted | Electron collision | Threshold
collision cross sections for C,H, molecule cross section energy
Denoted | Electron col!|3|on Threshold ci5 Excitation 117 eV
cross section energy
c1 Attachment C16 Excitation 1.47 eV
c2 Momentum C17 Excitation 1.76 eV
transfer C18 Excitation 2.06 eV
C3 Excitation 0.12 eV C19 Excitation 2.35eV
C4 Excitation 0.18 eV C20 Excitation 6.17 eV
C5 Excitation 0.37 eV c21 Excitation 7.00 eV
C6 Excitation 4.4 eV Cc22 Excitation 7.35eV
C7 Excitation 7.7 eV Cc23 Excitation 7.36 eV
C8 lonization 10.6 eV C24 Excitation 7.80 eV
C25 Excitation 8.16 eV
1071¢] L . C26 Excitation 8.40 eV
L ]
1020 L ec2 Cc27 Excitation 8.55eV
o . o C28 Excitation 8.89 eV
"% lc2g Excitation 11.03 eV
10_22_ L ® C5
® Cb C30 Excitation 11.87 eV
107 T e |31 Excitation 12.25 eV
0%, e - °% Jc32 | Excitation 13.00 eV
10 10% 0’ 0% 10?0 C33 lonization 15.60 eV
Figure 1. Electron collision cross section
set for C,H, molecule
1071% Lt E
Table 2. Information of electron N
collision cross sections for N, molecule 02 | 2
Denoted | Electron collision | Threshold a1 . 5
cross section energy 7 Tt
C9 Momentum 102 L E A§
transfer E ]
C10 Excitation 0.02 eV 102, SRy
C11 Excitation 0.29 eV 02 E g
C12 Excitation 0.29 eV 1072 10L1 10.0 10! 10I2 10I3 10I“
C13 Excitation 0.59 eV Figure 2. Electron collision cross section
C14 Excitation 0.88 eV set for N, molecule
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Figure 3. Energy mobility in C,H4-N,
mixtures
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Figure 4. Energy diffusion coefficient
in C,H4-N, mixtures
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Figure 5. lonization rate coefficient
in C,H4-N, mixture
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Figure 6. EEDF for C,H,s-N, mixtures

at 1 Td (R1 curve), 10 Td (R6 curve)
and 100 Td (R11 curve)
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Figure 7. EEDF for 10 Td in C,H,-N,
mixture, taking into account electron-
electron collisions, for different ionization
degrees. R1 curve shows EEDF without
e-e collision. R2, R3, R4, R5 and R6 curves
show EEDF for, ionization degree is 107,
10°,10°,10%,10® and 10°, respectively

4. CONCLUSIONS

The plasma properties, which include
energy  mobility, energy diffusion
coefficient, and ionization rate coefficient,
were calculated for C,H4-N, mixtures
using Bolsig+ freeware. These results
based on reliable electron collision cross
section sets for C,H4; and N, molecules.
Therefore, these calculated plasma
properties are useful data for various
applications using C,Hs-N, mixture,
especially in dielectric barrier discharge
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