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Abstract: The electron transport coefficients for the TRIES-SiH4 mixtures in the E/N 

(the reduced electric field) range of 0.1-1000 Td (townsend) were calculated for the first 

time by solving the two-term approximation of Boltzmann equation. The calculation based 

on the reliable sets of electron collision cross section for the TRIES and SiH4 molecules. 

The present results are important data for modelling and simulation of plasma discharge 

using TRIES/SiH4 mixtures. 
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1. INTRODUCTION 

SiO2 and SiNx films play a vital role in semiconductor manufacturing. The plasma enhanced 

chemical vapour deposition (PECVD) can be used to deposit SiO2 on organic based materials. In 

these PECVD processing, the organosilanes such as tetraethoxysilane (TEOS), triethoxysilane 

(TRIES), tetramethoxysilane (TMOS), and trimethoxysilane (TRIMOS), are required [1, 2]. 

Among these organosilanes, TRIES vapour is suggested to as alternative for TEOS vapour and 

SiH4 gas for safety and high quality films [3]. Because of above reasons, the electron transport 

coefficients in the TRIES-SiH4 mixtures are necessary to determine for modeling and simulation 

of plasma discharge. The fluid model or hybrid simulations require the input of electron transport 

coefficients, which include electron drift velocity, the density-normalized longitudinal diffusion 

coefficient, ratio of the longitudinal diffusion coefficient to the mobility, the density-normalized 

longitudinal diffusion coefficient, the Townsend first ionization coefficient. Such electron 

transport coefficients can be obtained by solving the Boltzmann equation based on the electron 

collision cross section sets of using gases. The accuracies of these electron transport coefficients 

play a key role in ensuring the ability of plasma simulation. Therefore, the electron collision 

cross section sets have been chosen from Tuoi [4] for the TRIES molecule and from Kurachi and 

Nakamura [5] for the SiH4 molecule. The validity of these set have been proved in [4, 5].  

2. THEORY 

To desired the electron transport coefficients, the two-term approximation of Boltzmann 

equation suggested by Tagashira [6] was applied. This method has been successfully used in 

previous work for [4, 7, 8]. The electron energy distribution function (EEDF), f(ε, E/N), is 

normalized by 
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The EEDF can be obtained theoretically by solving the Boltzmann equation  
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where f = f( , ,r v t ) is the distribution function of the positions r and velocities of electrons v, is 

the acceleration due to external forces and ( / )collf t   is the collision induced rate of change of 

the number of electrons per unit volume of phase space. The electron drift velocity calculated 

from the solution of electron energy distribution function, f(ε, E/N), of the Boltzmann equation is 

defined as  
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where ε is the electron energy, m is the electron mass, e is the elementary charge and qm(ε) is the 

momentum-transfer cross section. 

The density-normalized longitudinal diffusion coefficient is defined as 
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where V1 is the speed of electron, qT is the total cross section, here Fn  and 
n  (n = 0, 1, 2) are 

respectively the electron energy distributions of various orders and their eigenvalues. V1, n , 
0  

and An are given by 
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where qi is the ionization cross section. 

The Townsend first ionization coefficient is defined as where I is the ionization onset energy 

and qi(ε) is the ionization cross section. 

3. RESULTS AND DISCUSSION 

The electron transport coefficients for the TRIES-SiH4 mixtures with 1%, 5%, 10%, 30%, 

50%, 70% and 90% TRIES were calculated in the E/N range of 0.1-1000 Td by a two-term 

approximation of the Boltzmann equation. These results are shown in Figs. 1-4 with the electron 

transport coefficients in the pure TRIES and SiH4 molecules.  

As shown in fig. 1-3 the values of W, NDL and DL/µ in TRIES-SiH4 mixture gases are 

suggested to be between those of the pure gases over the all range of E/N. However, in fig. 4, the 

values of ionization coefficient in the TRIES-SiH4 mixture are to be found not between those of 

the pure gases. In the fig. 1, the slight regions of the NDC (negative differential conductivity) 

phenomena in 1%, 5%, 10%, 30% and 50% TRIES-SiH4 mixtures are observed in the E/N range 

20 < E/N < 200 Td. The NDC is relatively shallow in these cases. In fig. 2, the values of NDL in 

the mixtures also decrese with increasing E/N for the E/N range of 20-100 Td. The NDL curves 

have minima in the E/N range of 90 - 150 Td for these mixtures. The behavior of W and NDL in 

the TRIES-SiH4 mixtures are due to the Ramsauer-Tovmsend minimum (RTM) of the elastic 

momentum transfer cross sections of the TRIES molecule. 
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Figure 1. The electron drift velocity, W, as a function of E/N for the TRIES- SiH4 mixtures with 

1%, 5%, 10%, 30%, 50%, 70%, and 90% TRIES. The solid line and symbols show present W 

values calculated using a two-term approximation of the Boltzmann equation for the TRIES - 

SiH4 mixtures. The solid curves show present W values calculated for the pure TRIES molecule 

and SiH4 molecule. 

 

Fig. 2. The density-normalized longitudinal diffusion coefficient, NDL, as a function of E/N for 

the TRIES- SiH4 mixtures with 1%, 5%, 10%, 30%, 50%, 70%, and 90% TRIES. The solid line 

and symbols show present NDL values calculated using a two-term approximation of the 

Boltzmann equation for the TRIES- SiH4 mixtures. The solid curves show present NDL values 

calculated for the pure TRIES and SiH4 molecules. 
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Fig. 3. Ratio of the longitudinal diffusion coefficient to the mobility, DL/µ, as a function of E/N 

for the TRIES- SiH4 mixtures with 1%, 5%, 10%, 30%, 50%, and 70%, and 90% TRIES. The 

solid line and symbols show present DL/µ values calculated using a two-term approximation of 

the Boltzmann equation for the TRIES - SiH4 mixtures. The solid curves show present DL/µ 

values calculated for the pure TRIES and SiH4 molecules. 

 

Fig. 4. Townsend first ionization coefficient α/N as functions of E/N for the TRIES-SiH4 mixtures 

with 1%,5%, 10%, 30%, 50%, 70%, and 90% TRIES. The solid line and symbols show present 

α/N values calculated using a two-term approximation of the Boltzmann equation for the TRIES- 

SiH4 mixtures. The solid curves show present α/N values calculated for the pure TRIES and SiH4 

molecules.  

4. CONCLUSIONS 

We calculate the electron transport coefficients in TRIES/SiH4 mixtures in the wide range of 

E/N for the first time. The electron transport coefficients include electron drift velocity, the 
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density-normalized longitudinal diffusion coefficient, ratio of the longitudinal diffusion 

coefficient to the mobility, the density-normalized longitudinal diffusion coefficient, the 

Townsend first ionization coefficient. These coefficients are calculated by two-term 

approximation of Boltzmann equation and reliable sets of electron collision cross sections of the 

TRIES and SiH4 molecules. Therefore, the calculated eletron transport coefficients has many 

benefits for modeling and simulation of plasma discharge. 
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TÓM TẮT 

HỆ SỐ CHUYỂN ĐỘNG ELECTRON TRONG HỖN HỢP TRIES/SIH4 

Các hệ số chuyển động electron cho hỗn hợp TRIES-SiH4 trong dải 0.1-1000 Td được 

tính toán lần đầu tiên thông qua việc giải phương trình xấp xỉ bậc hai Boltzmann. Các tính 

toán dựa trên các bộ tiết diện va chạm electron đáng tin cậy cho các phân tử TRIES và 

SiH4. Kết quả trong nghiên cứu này là dữ liệu quan trọng cho việc mô hình hóa và mô 

phỏng phóng điện plasma sử dụng hỗn hợp TRIES-SiH4. 

Từ khóa: Các hệ số chuyển động electron, phương trình Boltzmann, PECVD, TRIES, SiH4. 
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