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ELECTRON TRANSPORT COEFFICIENTS
AND INITIAL ELECTRON COLLISION CROSS SECTIONS
FOR TRIETHOXYSILANE MOLECULE

CAC HE SO CHUYEN DONG VA TIET DIEN VA CHAM ELECTRON BAN DAU

CUA PHAN TU TRIETHOXYSILANE

ABSTRACT

Triethoxysilane molecule, both in form of pure and mixtures, are widely
used in manufacturing processes of semiconductor devices. In this study, the
physical and chemical characteristics and important applications of
triethoxysilane molecule are presented. The necessary database of electron
transport coefficients and electron collision cross sections in triethoxysilane
molecule is also collected and analyzed. An initial electron collision cross section
set for triethoxysilane molecule is suggested based on comparison of calculated
and measured values of electron transport coefficients. This initial electron
collision cross section set is useful for obtaining the reliable one for
triethoxysilane molecules.

Keywords: Triethoxysilane, Electron transport coefficient, Electron collision
€ross sections, Boltzmann equation, Electron swarm method.

TOM TAT

Phan tir triethoxysilane ca & dang nguyén chét va hon hop dioc st dung
rong réi trong cong nghé ché tao céc thiét bi ban dan. Trong bai bao nay, céc tinh
chat vét Iy, héa hoc va cac (g dung quan trong clia phan t triethoxysilane duroc
trinh bay. Cac hé thong di liéu quan trong clia cac hé s6 chuyén dong electron va
cac tiét dién va cham electron trong phan i triethoxysilane cling dugc thu thap
va phan tich. B0 tiét dién va cham electron ban dau clia phan ti triethoxysilane
duoc d8 xuét dya trén sir so sanh gid tri tinh toan va thuc nghiém clia cac hé so
chuyén dong electron. B3 tiét dién va cham electron ban dau nay rat hivu ich cho
viéc nhan duoc bo tiét dién va cham electron dang tin cdy cho phan tl
triethoxysilane.

Tlr khoa: Triethoxysilane, H& s6 chuyén dong electron, Tiét dién va cham
electron, Phuong trinh Boltzmann, Phuong phap dam electron.
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1. INTRODUCTION

Silicon dioxide (SiO,) films are necessary materials in
semiconductor fabrication. In order to build SiO, insulating
layer, SiH, (monosilane) and Si(OC,H;s), (tetraethoxysilane,
TEOS) are often used [1-3]. Because of higher quanlity and
conformal deposition, triethoxysilane (TRIES), Hsi(OC,H;),
has been suggested to as alternative for these gases [4]. It
has also less ethoxy (-OC,H;) substrate, high growth rate
without a heating source material [4]. Moreover,
triethoxysilane is an environmentally clean, nontoxic and
nonexplosive gas [5]. Therefore, triethoxysilane is a good
candidate for SiO, film deposition. In the lack of chemical
and physical properties, electron transport coefficients and
electron collision cross sections, which are necessary in
modeling of plasma processing, are in need of
determination. The electron transport coefficients and
electron collision cross sections of gaseous molecules can
be obtained by experimental or theoretical methods.
Electron transport coefficients include electron drift
velocity,  density-normalized  longitudinal  diffusion
coefficient, attachment coefficient and ionization
coefficient. Electron drift velocity and density-normalized
longitudinal diffusion coefficient can be determined by
using time-of-flight (TOF) method and arrival-time spectra
(ATS), and attachment and ionization coefficients can be
determined by using steady-state Townsend (SST) method.
Electron collision cross sections for gaseous molecules such
as momentum transfer, vibrational excitation, electronic
excitation, attachment, dissociation and ionization cross
sections are related to electron transport coefficients.
Therefore, electron collision cross sections can be obtained
based on measured electron transport coefficients. In order
to carry out this procedure, an electron swarm method and
analysis of Boltzmann equation are often used [6]. The
validity of obtaining electron collision cross sections
depends on reliability of collecting data of electron
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transport coefficient and electron collision cross sections.
Therefore, the analysis and evaluation of collected
database of electron transport coefficients and electron
collision cross sections for triethoxysilane are necessary.

2. DATABASE OF ELECTRON TRANSPORT COEFFICIENTS
AND ELECTRON COLLISION CROSS SECTIONS FOR
TRIETHOXYSILANE MOLECULE

As presented in part 1, the reliable electron collision
cross sections for gaseous molecules are obtained based on
electron transport coefficients using electron swarm
method [6]. The basic procedure of electron swarm study
has been presented in many articles [6-9] and also shown in
Figure 1. In order to obtain the final electron collision cross
section set, the measured values of electron transport
coefficients and some related database of electron collision
cross section are needed to compile before modifying the
shape and amplitude of electron collision cross section set.
Their information are presented and analyzed as bellow.

Yoshida et al. [7] firstly reported the electron transport
coefficients in TRIES molecule. The mean-arrival time drift
velocity (W,,,) and the longitudinal diffusion coefficient (D,)
in E/N (ratio of the electric field E to the neutral number
density N) range of 20 - 5000Td (1Td = 10*"V.cm?) were
measured by the ATS method using a double-shutter drift
tube. The ionization coefficients (a) in E/N range of 300 —
5000 Td were measured by the SST method. These results
were also analyzed in comparison with those for SiH, [8]
and TEOS [9]. Based on these analyses, Yoshida et al. [7]
suggested an electron collision crosss section set for TRIES
molecule using the Boltzmann equation analysis. This cross
section set includes the momentum transfer cross section
(Qm), the ionization cross section (Q,), the dissociation cross
section (Q,), and two vibrational excitation cross sections
(Qu and Q). The threshold values for these electron
collision cross sections are listed in Table 1 [7].

Table 1. Threshold of electron collision cross sections for TRIES molecule [7]

Electron collision cross sections Energy threshold (eV)
Vibrational excitation cross section Q,, 0.16

Vibrational excitation cross section Q,, 04

lonization cross section 74

Dissociation cross section 9.9

The electron collision cross section set for TRIES
molecule was obtained based on electron collision cross
section set of TEOS that was reported by Morgan[12]. Then,
electron drift velocity and ionization coefficient in TRIES
molecule were calculated. The calculated results are in
good agreement with those in experiments. However,
density-normalized longitudinal diffusion coefficient for
TRIES has been not calculated although measured values
are available.

Recently, Tuan and Jeon [9] have been also reported an
electron collision cross section set for TRIES molecule by
using electron swarm method. As mentioned in [9], the

46 | Tap chi KHOAHOC & CONG NGHE  S6 43.2017

electron collision cross section set for TRIES molecule
suggested by Tuan and Jeon [9] are more reliable than
those suggested by Morgan[12]. In order to obtain the
reliable electron collision cross section set for gaseous
molecule, electron swarm method often applied based on
measured values of electron transport coefficients. The
electron collision cross sections will be modified until the
calculated and measured electron transport coefficients are
in good agreement. Therefore, it is necessary to choose
consistent initial electron collision cross section set for
modified procedure. The electron transport coefficients,
which include electron drift velocity, density-normalized
longitudinal diffusion coefficient, were calculated using the
two-term approximation of the Boltzmann equation given
by Tagashira et al. [6]. This approximation of the Boltzmann
equation was successfully used for the TEOS [9], TMS [11],
and BF, [10] molecules. The mean-arival time drift velocity
(W), which is calculated by an approximation formula of
(W,2—4RD,)¥? when the constant w, (n = 3) is neglected [6],
where W, is the centre-of-mass drift velocity, R; is the
ionization frequency, and the longitudinal diffusion
coefficient (D,) are calculated in the time-of-flight (TOF)
parameters. The electron transport coefficients calculated
in the pure TRIES molecule by using the two sets from
Yoshida et al. [7] and Tuan and Jeon [9] for the TRIES
molecule are shown in Figures 2 and 3.
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Figure 1. Electron drift velocity Wi, as a function of E/N for the pure TRIES
molecule
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Figure 2. Electron drift velocity Wi, as a function of E/N for the pure TRIES
molecule. Broken curve shows a two-term Boltzmann calculation using the
electron collision cross section set from [7]; solid curve shows a two-term
Boltzmann calculation using the electron collision cross section set from [9];
open circles show measurement results of the pure TRIES molecule [7].
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Figure 3. Density-normalized longitudinal diffusion coefficient ND, as a
function of E/N for the pure TRIES molecule. Broken curve shows a two-term
Boltzmann calculation using the electron collision cross section set from [7]; solid
curve shows a two-term Boltzmann calculation using the electron collision cross
section set from [9]; open circles show measurement results of the pure TRIES
molecule [7].

3. RESULTS AND DISCUSSION

The mean-arrival time drift velocity and the density-
normalized longitudinal diffusion coefficient as functions of
E/N for the pure TRIES molecule, calculated by using a two-
term approximation of the Boltzmann equation for the
energy with the initial electron collision cross section sets
of TEOS molecule from [7] and [9] are shown in Figures 2
and 3. As shown in Figure 2, the differences of the electron
drift velocity values between calculations using Yoshida’s
set and measurements are very large, especially in the
range of 100-300Td. In Figure 3, there were also significant
differences between calculated density-normalized
longitudinal diffusion coefficient using electron collision

cross section set from [7] and the measurements over the
entire range. On the other hand, the electron drift velocity,
which were calculated using electron collision cross section
set from [9], were agreement with those in measurements.
The differences of density-normalized longitudinal
diffusion coefficient between calculations using electron
collision cross section set from [9] and measurements still
exist. However, these differences are smaller than those
between calculations using set from [7] and measurements.
It is clearly that the agreement between calculated and
measured electron transport coefficient in results which
calculated using electron collision cross section set from [9]
are better than those in [7]. Therefore, the initial electron
collision cross section set for TRIES molecule is
recommended to use the electron collision cross section of
TEOS molecule from [9]. The recommended electron
collision cross section set for TRIES molecule was shown in
Figure 4. Threshold energies of these electron collision
cross sections were also listed in Table 2.

Table 2. Threshold of electron collision cross sections for TRIES molecule

Electron collision cross sections Energy threshold (eV)
Vibrational excitation cross section Q,; 0.16

Vibrational excitation cross section Q,, 0.37

lonization cross section 10.6

Dissociation cross section 3.6
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Figure 4. The set of cross sections consists of the momentum transfer cross

section (Qm), the ionization cross section (Qi), the dissociation cross section (Qd),

and two vibrational excita tion cross sections (Qv1 and Qv2).

4. CONCLUSIONS

The electron transport coefficients, which include
mean-arrival time drift velocity W,,, the ratio of the density-
normalized longitudinal diffusion coefficient ND,, were
calculated by using two available sets of electron collision
cross sections for the TRIES molecule and the two-term
approximation of the Boltzmann equation analysis. Based
on analyses and comparisons of available electron collision
cross sections, the currently best available electron collision
cross section set for the TRIES molecule was recommended.
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