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ELECTRON TRANSPORT COEFFICIENT IN SiH,;-He MIXTURES

FOR FLUID MODELS

CAC HE S CHUYEN DONG ELECTRON TRONG HON HOP SiHe-He CHO MO HINH CHAT LONG
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ABSTRACT

The electron transport coefficients with respect to E/N (ratio of the electric
field E to the neutral number density N) in the range of 0.1 - 1000Td
(Townsend) for 10%, 30%, 50%, 70%, and 90% SiH,-He mixture (volume
mixing ratio), were calculated using the Bolsig+ program. These calculations
based on the reliable electron collision cross section set for SiH, molecule and
He atom. Therefore, the present results will be the necessary data for
applications using SiH,-He mixture, especially in deposition of a-Si:H films
using capacitively coupled plasma.

Keywords: SiH-He mixture, a-Si:H film, electron transport coefficients,
two-term Boltzmann approximation, Bolsig+.
TOM TAT

(ac hé s6 chuyén dong electron tuong ting véi E/N (ti 1é dién trutng E va
mat dd s6 lugng hat trung hoa N) trong dai 0,1 - 1000Td (Townsend) cho cac
hén hop khi 10%, 30%, 50%, 70% va 90% SiHa-He (i 1& tron theo thé tich)
dugc tinh todn st dung chuong trinh Bolsig+. Cac tinh toan nay dua trén bg
tiét dién va cham electron dang tin cay cho phén ti SiH, va nguyén i He. Do
dd, két qua nay sé la ngudn dif liéu can thiét cho cac (ing dung st dung hon
hop SiHs-He, ddc biét trong lang dong mang méng a-Si:H sk dung plasma
ghép dién dung.

Tir khéa: hon hap SiH-He, mang a-Si:H, cdc hé s6' chuyén dong electron,
phutang trinh xdp xi Boltzmann bdc hai, Bolsig+.
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1. INTRODUCTION

Silane (SiH4) is widely used in plasma-enhanced
chemical vapor deposition (PECVD) using a capacitively
coupled plasma (CCP) source to deposit the thin
amorphous hydrogenated silicon (a-Si:H) films [1-4].
These CCP-deposited a-Si:H films play vital roles in
various semiconductor applications such as solar panels
[5], and flat panel displays [6, 7]. Changing the RF or gas
mixture ratio is expected to help to increase the
deposition rate of the thin film. The properties of the thin
films would be also improved with different dilution gas.

Zhang and Zhang controlled the generation of HSRS
to improve the photo-induced degradation of
hydrogenated amorphous silicon (a-Si:H) films using the
mixture of SiHs with H, ,He, and Ar [8]. H. Park and H. J.
Kim [9] investigated the deposition of a hydrogenated
silicon (Si:H) film using SiHs-He CCP discharges using
PECVD. Kim [10] investigated the two-dimensional self-
consistent fluid model using SiHs-He discharges. In recent
years, several reliable models to model the SiHs-based
CCP deposition process have been successfully
developed [1-4, 10-13]. The fluid model for gases or
mixture gases typically require the electron transport
coefficients and rate coefficients as the input data. In this
study, the electron transport coefficients of SiHs-He
mixtures are obtained by using the Bolsig+ program [14].
The results of the research play an important role in
understanding and exploiting the properties of plasma in
scientific research and technological applications using
SiH4-He gas mixtures.

2. ANALYSIS

Bolsig+ is a Boltzmann solver, which developed by G.
J. M. Hagelaar and L. C. Pitchford [14] to compute the
electron transport data for gases or gas mixtures. The
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electron transport data include eletron mobility, mean
energy, and diffusion coefficient. The mathematical
expressions used to calculate the electron transport using
Bolsig+ have been presented in detail in G. J. M. Hagelaar,
L. C. Pitchford [14]and are briefly shown below:
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Here, f, is isotropic part of the EEDF and normalized
by:
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N is the concentration of atoms, Q is the effective
momentum transfer cross section of electrons,

y=(2e/m)"? is a constant and € is the electron energy in

electronvolts. The Bolsig+ freeware™ is a useful tool to
calculate the electron transport coeficients and it has
been sucessfully applied for many gases and their
mixtures such as He and Ar [15], N2 and SFs [16], SiHs and
CH4[17].

The important step in calculating electron transport
coefficients is therefore to select the reliable set of cross
sections for the gas mixture. The electron collision cross
section sets were chosen from T. Itoh and T. Musha [18]
for He and from M. Kurachi and Y. Nakamura [19] for SiH.,
The reliability of these sets have been proven in T. Itoh
and T. Musha [18] for He and in M. Kurachi and Y.
Nakamura [19] for SiHs molecules. The electron collision
cross section sets for He atom and SiHs molecule were
shown in Figs. 1 and 2. Information of electron collision
cross sections for these molecules were also listed in the
Table 1 for He atom and the Table 2 for SiH, molecule.

Table 1. Information of electron collision cross sections for He atom

Denoted | Electron collision cross section | Threshold energy
Q Momentum transfer
Q Excitation 19.8eV
(&) lonization 24.58eV
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Table 2. Information of electron collision cross sections for SiH, molecule

Denoted | Electron collision cross section | Threshold energy
4 Attachment
G Momentum transfer
(6 Excitation 0.11eV
7 Excitation 0.27eV
(8 Excitation 7.7eV
() Excitation 8.4eV
10 lonization 11.6eV
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Fig. 2. Electron collision cross section set for SiH, molecule

Bolsig+ can calculate for any mixing ratio of the
SiHs-He gas mixture. However, the trends of the electron
mobility coefficients in the gas mixture are generally
similar, so in this study, the mixing ratios of 10%, 30%,
50%, 70%, and 90% SiHs-He were chosen as
representative.

3. RESULTS AND DISCUSSION

Fig. 3 shows the variation in electron mobility, p/N,
with respect to E/N for several mixing ratios of the
SiH4-He mixtures. The values of p/N of pure He increase as
the values of E/N increase while the values of u/N of pure
SiH4 decrease as the values of E/N increase. The trend of
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the curves representing the values of u/N of SiHs-He
mixture is similar to the curve representing the values of
u/N of pure SiH4. The values of u/N decrease rapidly in the
E/N range of 0 - 50Td and become almost steady in the
further range of E/N, 50 - 1000Td.
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Fig. 3. The mobility /N in the SiHs-He mixtures

Fig. 4 shows the variation in diffusion coefficient, DN,
with respect to E/N for several mixing ratios of the
SiH4s-He mixtures. The values of DN of pure He increase as
the values of E/N increase. The values of DN of pure SiH,
decrease in the E/N range of 30 - 100Td while increase in
the remaining ranges of E/N as the values of E/N increase.
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Fig. 4. Diffusion coefficient in the SiH,-He mixtures

The trend of the curves representing the values of DN
of SiHs-He mixture is also similar to the curve
representing the values of DN of pure SiHa.

Fig. 5 gives the mean energy of SiH, molecule by the
concentration of SiHs molecule in SiHs-He mixture as
functions of E/N. The mean energy of SiHs molecule
increases with increasing E/N and decreases with
increasing percentage of He atom in the mixture.
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Fig. 5. Mean energy in the SiH,-He mixtures
4. CONCLUSIONS

In this study, the electron transport, which include the
mobility, diffusion coefficient and mean energy with
respect to E/N for several mixing ratio of SiHs-He mixtures,
were calculated using the Bolsig+ program. The results
were obtained based on the reliable electron collision
cross section set for SiHs molecule and He atom.
Therefore these electron transport of SiHs-He mixture are
useful input data for various applications using SiHs-He
mixture, especially in deposition of a-Si:H films using
capacitively coupled plasma.
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